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Summary

Detailed facies mapping and microfacies study were employed to improve upon 

sedimentological models for the margins of a carbonate platform of late Visean 

(Asbian -  Brigantian) age in north Derbyshire, UK. The early Asbian upper slope 

was built of automicrite stiffened with early marine cements. The system also 

included marginal bioclastic sand shoals, situated c.500m from the platform break, 

which was in slightly deeper water, basinward from the shoals. Despite this bevelled 

configuration the upper slope received only low volumes of shallow water allochems 

until late in the early Asbian third order cycle. This early phase was characterised by 

nearly vertical aggradation of the margin. The later increase in basinward export 

resulted in a pulse of progradation and more mixed lithologies on the slope.

In the late Asbian to Brigantian, the northern margin experienced an episode of local 

tectonic subsidence, resulting in back-stepping of c. 1km. However, high productivity 

by the benthic community enabled the margin to recover and build back to the 

previous platform break within three, fourth order, cycles. During this phase little 

automicrite was produced, or preserved, on the upper slope, production of automicrite 

moved to bioherms on the outer platform. Export of coarse bioclastic material to the 

mid and lower slope resulted in accumulation below a largely by-passed upper slope 

area.

The southern margin also subsided in the Brigantian, but low productivity by a 

slightly stressed community meant the margin did not recover fully and remained as a 

low-angle slope, often dominated by the deposition of mud and silt exported from the 

platform interior. This, and the occurrence of ooids only on the southern margin, 

suggests the south to be a leeward margin.

The facies architecture and the geometry of the margins were controlled by the 

interaction between eustatic sealevel changes and local tectonics.
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CHAPTER 1 
INTRODUCTION
This study was aimed at improving our understanding of how the margins of 

carbonate platforms functioned in the late Visean. The presence of supergiant 

hydrocarbon reservoirs hosted in carbonate platforms of this age and type in the 

Pricaspian Basin, such as Tengiz, Karachaganak and Kashagan, makes this an 

important issue. Reservoir characterisation relies on good, well-constrained, 

analogues of the right type. Whereas platform interior facies may be laterally 

continuous for many kilometres, and have often been treated with simple “layer cake” 

models, platform margins are dynamic areas, influenced by tides, waves, currents and 

the hydrology of the adjacent basins. This results in sub-seismic, lateral and vertical 

heterogeneity that, if imperfectly understood, may lead to misinterpretations and 

possibly impede good recovery.

Relatively few platforms are preserved from this period. In the Toumaisian and early 

Visean ramp systems were the predominant form of carbonate depocentre and this 

may be due, in part to the collapse in populations of large skeletal metazoans late in 

the Devonian (Wood, 1999). Some carbonate platforms are known to have developed 

during the late Visean, and are documented from the British Isles, Australia, Japan, 

China (Webb, 2002), the Pechora Urals (Antoshkina, 1998), the Tien Shan and 

Bolshoi Karatau Mountains of central Asia (Cook et at., 1994, 2002) as well as in the 

Pricaspian Basin. In these platforms the margin is not supported by a metazoan 

skeletal framework, but appears to have been built by the in situ precipitation of 

micrite, either by microbially mediated processes or by the decay of soft organic 

tissue from such organisms as sponges. The maintenance of steep slopes, often in 

excess of 30°, is facilitated by the precipitation of abundant early marine cements.

Our understanding of the sedimentary dynamics of carbonate platforms and their 

margins is largely founded upon studies of Pleistocene and Holocene systems, such as 

those of the Bahamas. The late Visean and the Pleistocene were both ice-house 

periods so these models are applicable to some extent, however, the primary 

carbonate factories were very different, as may have been other variables such as 

seawater or atmospheric chemistry. Other problems may concern the oceanographic

1



setting. The Bahamas are situated in a Trade Wind belt, adjacent to an ocean with 

long fetch; this has profound effects on the distribution of facies belts across the 

platforms. Ancient examples may have been subject to radically different regimes. In 

the following study the Bahamian models have been applied where possible but with 

some caution.

The Derbyshire Carbonate Platform was chosen as an example of a late Visean 

marginal system for several reasons. It has exposed margins of Asbian to Brigantian 

age, it is readily accessible, it has suffered little tectonic disruption, and much work 

has already been done. This last point is important. This is a classic area of British 

geology and a stratigraphic framework is already in place, with some good 

biostratigraphy and detailed mapping on a formation level or finer. Much of this 

work is reviewed in Chapters Two and Three.

The main issues addressed are;

1) What was the geometry of the margin and how were the facies zones disposed 

across it?

2) How did these vary spatially and in time? In particular how did the facies 

architecture and geometry respond to the high frequency changes in relative sea level 

known to have been occurring at this time?

3) What were the depositional environments in the facies zones, and what were 

the main controls operating in these environments?

4) What was the nature of the main carbonate factories? Which areas were 

exporting material and what were the processes involved?

Despite the amount of good research previously done on this region, these questions 

remain largely unanswered.

The chosen method of study was to map facies in as much detail as the nature of the 

exposure allowed. In practise, the best exposures were those in limestone quarries 

which provided windows into the platform. The primary areas of study were resolved

2



into two areas, one on the northern margin and one on the southern margin. This 

inevitably has left some areas unsurveyed but it was felt that a wider, more general 

approach would not yield any results beyond those already detailed by earlier 

workers. The facies mapping was followed up by microfacies study, to aid and, to 

some extent, quantify interpretation of environments and processes.

The results cover three main areas.

1) The facies architecture and geometry of the early Asbian margin.

2) The facies architecture and geometry of the late Asbian and Brigantian margin 

in the north.

3) A comparative study of the northern and southern margins during the late 

Asbian and early Brigantian.
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CHAPTER 2

REGIONAL GEOLOGICAL SETTING AND TECTONIC  

EVOLUTION OF THE DERBYSHIRE CARBONATE PLATFORM

2.1 In troduction

The aim o f this chapter is to give a summarized overview of the regional geological 

history, palaeogeography and tectonic setting of the Derbyshire Platform.

2.2 Palaeogeography

The closure of the Iapetus Ocean and collision of Avalonia, Baltica and Laurentia by 

the beginning of the Devonian resulted in extensive deformation and uplift in the 

central and northern parts of the British Isles and led to the establishment of 

continental conditions and sub-aerial deposition (Dineley, 1992). During the late 

Devonian, northern England was around 10° south o f the equator (Figure 2.1) and 

drifting north, occupying an equitorial position during the Visean and the Namurian 

(Scotese & McKerrow, 1990).

Early Carboniferous 356 Ma

i. Australia

RHEIC OCEAN
Am arakxffc

I | LOCATION OF PRESENT DAY BRITISH ISLES
Scotese, C. R., 2001. Atlas of Earth History. Volume 1, Faleogeography,

PALEOMAP Project, Arlington, Texas, 52 pp.

Figure 2.1 Early Carboniferous palaeogeographic reconstruction.
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G O Y T

WALES - LONDON
Massif

50 km

Figure 2.2 Late Dinantian palaeogeography o f  northern England and Wales. After Fraser & 

Gawthorpe 1990; Corfield etal.,  1996)

Following extension to the north of the Wales-Brabant Massif, associated with the 

establishment of a tensional regime over much of what is now north west Europe at 

the end o f the Devonian and the lowermost Carboniferous, much of the north of 

England, North Wales and Ireland was composed of a series of tilt blocks and half 

graben (Miller & Grayson, 1982; Leeder, 1982; Gawthorpe et al., 1989; Nolan, 1989; 

Fraser & Gawthorpe, 1990; Corfield et al., 1996). Successive transgressions in the 

Toumaisian and lower Visean led to carbonate platforms and shelves developing on 

structural highs with intervening basins (Figure 2.2). This province of blocks and
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basins was separated from the Rheic Ocean, which lay to the south (Figure 2.3), by 

the persistently emergent Wales-Brabant land mass. The North Wales Shelf was the 

site o f mixed carbonate/siliciclastic sedimentation (Warren et al., 1984) whilst the 

Derbyshire Platform (Aitkenhead et al., 1985), the Pennine High (Evans & Kirby, 

1999), the Askrigg High (Arthurton et al., 1988) and the Cumbrian Platform 

(Aitkenhead, 1992) were the sites of almost entirely carbonate deposition during the 

Dinantian

The Derbyshire Platform was situated on the southern edge o f the Pennine Basin and 

formed the most westerly part of the East Midlands Shelf. The Widmerpool Gulf 

bordered the platform to the south, the Goyt Trough to the west and the Edale Gulf to 

the north, all areas of relatively deep pelagic, hemi-pelagic and turbiditic 

sedimentation.

2.3 Structural evolution and deep geology

2.3.1 Underlying regional tectonics

Three models for the underlying tectonic mechanisms driving the formation o f the 

Carboniferous basins in the British Isles have been proposed and these are reviewed in 

Haszeldine (1984, 1989)

1) N E - S W  Megashear.

Dextral transcurrent faulting affected Europe during the early and late Carboniferous 

(Figures 2.3 & 2.4) and may have led to the formation o f sedimentary basins (Arthaud 

& Matte, 1977; Smith & Smith, 1989). Several factors argue against this being the 

main factor in the development of the Dinantian basins in northern England. Firstly, 

the sedimentary record of the basins does not show the rapid subsidence typical of 

pull-apart basins; Secondly, the basins are not generally located at releasing bends in 

major structural faults, and the strike-slip movement is not the dominant component 

of strain on Late Palaeozoic structures in the*British Isles (Haszeldine, 1984).
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(Both figures redrawn from Haszeldine, 1984)



N Back-arc Stretching Collision TectonicsO bduction

M ob

Asthenosphere

Figure 2.5 A sketch lithospheric section (N - S from Scotland to southern France); to illustrate the major 

postulated plate boundaries and interactions during Lower Carboniferous times. Key: 1 -  Caledonian 

hinterland stabilized 290 Ma; 2 -  North British grabens caused by stretching in the interval 365 -  340 Ma; 3 -  

St Georges Land; 4 -  Rheno-Hercyman basins caused by back-arc stretching 390 -  350 Ma; 5 -  Lizard 

ophiolite formed as back-arc ocean crust at 375 Ma, obducted 355 -  370 Ma (Closure of Rheno-Hercynia 

probably began earlier in southwest England than in the German portion of the back-arc ); 6 -  Saxo- 

Thunngian facies of the northern Massif Central; 7 -  The Liguro-Massif Central orogenic core formed 420- 

380 Ma; 8 -  The major northward dipping thrusts of the orogenic suture zone in Massif Central with nappes 

and sheared ophiolites formed 380-340 Ida by continental collision; 9 -  The developing flysch trough of the 

Montagne Noir (late Dinantian); 10 -  Southern European-Alpine platelets whose northward motion caused 

successive orogenic processes 360-330 Ma (Redrawn from Leeder, 1987)

2) Rheic Ocean Subduction.

North dipping subduction along the Liguro/Bretonic zone (Figure 2.5) led to 

lithospheric stretching and the formation of the Rheno-Hercynian basins in a back-arc 

setting (Leeder, 1982 and references therein). Leeder showed the model of McKenzie 

(1978) could be applied to explain the history of Late Palaeozoic basins in northern 

Britain as being the result of stretching from the late Devonian to the late Dinantian, 

followed by a period of thermal sag up to end of the Westphalian. An alternative 

cause for the tension, proposed by Bott el al. (1984), was slab-pull associated with the 

southward dipping subduction of a northwestern European plate (Figure 2.6).

3) Oceanic rifting and spreading between Europe and Greenland.

The prolonged tension that eventually led to the opening of the North Atlantic caused 

rifting, vulcanism and the formation of fault bounded sedimentary basins in northern 

Britain (Figures 2.4 & 2.5) (Russell & Smythe, 1978, 1983; Ziegler, 1981;

Haszeldine, 1984, 1989).
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Figure 2.6 South dipping subduction model for the Carboniferous subsidence of Britain. Vertical 
exaggeration approximately x2. (Redrawn from Bott, 1987)

It is still unresolved whether the cause of the extension in northern England was 

caused by northward or southward dipping subduction (the competing hypotheses of 

Leeder and Bott respectively in point two above). Leeder’s (1984) model seems 

attractive in that it applies understood tectonic processes to explain most of the 

observations. If this model is correct then the observed Dinantian extension and 

episodes o f magmatism are due to back-arc stretching and incipient rifting. The 

subsequent inversion, starting late in the Brigantian, may be due to the start of the 

Variscan compressional regime which was to dominate the tectonics of Britain in the 

Upper Carboniferous (Pennsylvanian).

The hypothesis that tension which subsequently resulted in the opening of the proto- 

Atlantic Ocean (point three above), seems overly simplified and fails to allow for 

Variscan compression and basin inversion, caused the extension, and that this 

extension continued onwards It seems more likely that this process merely took over 

later in the history of the British Isles, modifying and re-activating the existing 

controlling Caledonide and Variscan structural trends.
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The underlying structures inherited from the Caledonian orogeny had a controlling 

effect on the location, orientation and evolution o f a series o f tilt blocks and half 

grabens across northern Britain (Figure 2.7) (Miller & Grayson, 1982; Leeder, 1987; 

Bott, 1987). The basins o f central Ireland and the Northumberland trough were 

strongly influenced by the position o f the Iapetus Suture whilst the presence o f 

buoyant, Devonian granites affected the Lake District, Alston and Askrigg blocks 

(Leeder, 1982). Geophysical evidence suggests a similar body may be present 

beneath the Market Weighton Block at the northern margin of the East Midlands shelf 

(Bott et a /., 1978; Cornwell & Walker, 1989). In the southern Pennine basin and 

eastern England major growth faults active in the Carboniferous are aligned with the 

Caledonide trends o f the basement. Caledonian thrust planes may have been 

reactivated under the tensional regime o f the late Palaeozoic (Smith & Smith, 1989).

By comparing the sedimentological record o f the Dinantian platforms, shelves and 

intervening basins across northern England and Wales, Gawthorpe et al. (1989) 

deduced that basin initiation during the late Devonian to Toumaisian was followed by 

widespread reactivation during the late Chadian/early Arundian and the Asbian. 

During the Brigantian there was another episode o f reactivation, locally causing 

inversion (Gawthorpe et al., 1989).
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2.3.2 Structural evolution of the Derbyshire Platform.

The Derbyshire Platform formed over a group of structural highs (Figure 2.8). Smith 

et al. (1985) proposed a model of two tilt blocks, the Woo Dale Block to the south and 

the Eyam Block to the north, separated by a major growth fault they named as the 

Bakewell Fault. The surfaces of the blocks dip to the south, mirroring the north- 

dipping blocks such as the Askrigg Block that underlie the northern part of the 

Pennine basin. The fault forming the northern boundary of the Eyam Block is thought 

to lie to the north of the exposed margin at Castleton. Late Devonian-Toumaisian and 

Chadian episodes of movement were responsible for the wide variation in thickness of 

pre-Asbian strata between the Woo Dale and Eyam Boreholes -  271m and 1390m 

respectively (see Figure 2.8 for locations) (Cope, 1973; Dunham, 1973).

Stcnton

Eosf<*V dppjng

Woo Dale Borehole

Bakewel

Fait Zone

Ashford Basil

Duffietd 0  
Borehole

Transfer

UneofSeclon

Basinal Limestones

Basement

Sheit Margin

B Brtganttan
As Asbtan
H Hokeriar
Ar Aiundkn
Ch Chadan
T ToumalsJcr

Mattock Long Rake Toddngton - Bakewell 
Anticine & Antlclne Antldhe and Arrock longstone Edge Monoclne 
Cronckston- & Fault Fait Zone and Fait Zone
Bonsai Zonev /  /  to n  norohote

N

Figure 2.8. Proposed tilt block structure o f the basement to the Derbyshire Dome showing also Brigantian 
intra-platform basins. The horizontal scale o f the sections is 1.5 times the horizontal scale o f the map. 
(Redrawn from Gutteridge, 1987)
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Smith & Smith (1985) considered that further movement on the Bakewell Fault 

(Figure 2.8) late in the Holkerian led to a gentle anticline draping the culmination of 

the footwall of the Woo Dale Block, resulting in shoaling in this area. They 

postulated that the Asbian platform, with its rimmed margins, subsequently developed 

upon this, structurally founded, area of shallow water.

Gutteridge (1987) (Figure 2.8) incorporated the sedimentology of the Brigantian 

formations on the platform and refined the model of Smith and Smith (1985). He 

showed the likely presence of ?n additional fault block between the Woo Dale and 

Eyam Blocks, bounded on the south by the Cronkston-Bonsall Fault and the Bakewell 

Fault to the north. Brigantian movement on these fault systems led to folding, 

propagation of synthetic and antithetic faults up through the Dinantian cover and the 

formation of two intra-platformal basins -  the Ashford Basin that initiated in the early 

Brigantian and the Stanton Basin that developed in the late Brigantian.
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CHAPTER 3 
STRATIGRAPHY
The current Dinantian stratigraphy of the British Isles generally, and more particularly 

of the Peak District, is summarized in the first part of this chapter. The aim is to 

provide a framework to facilitate comparison with sections elsewhere and to lay out 

the general succession on the Derbyshire Platform. Much of the previous 

biostratigraphic work in this district is based upon ammonoid or coral/brachiopod 

zonation. This thesis is restricted in scope largely to the Asbian and Brigantian 

stages. The Asbian stage is equivalent to the B1 to PI a ammonoid zones and the D1 

coral/brachiopod zone (Figure 3.1). The Brigantian is equivalent to the Plb to P2c 

ammonoid zone and the D2 coial/brachiopod zone (Riley, 1993). The older work all 

predates Mitchell’s more recent (1981, 1989) revisions of the coral biostratigraphy.

In the second part of the chapter are brief descriptions of both the platformal and 

basinal sedimentary formations of the Dinantian in the Derbyshire area, along with 

previous interpretations of sedimentary environments and processes. The 

stratigraphic range includes the Toumaisian and ranges up to the early Namurian. 

Igneous units are also present and these are also described here, in Section 3.6. The 

main subject of this thesis is the sedimentology of the platform margins and these 

general accounts are provided to provide sufficient background to aid understanding 

of the sediments and processes described in detail from the margins.

3.1 UK Lower Carboniferous (Mississippian) Stratigraphy
Riley (1993) has reviewed British Dinantian stratigraphy in depth (see Figure 3.1), 

from its inception in Vaughan’s (1905) coral/brachiopod zonation of the Avon Gorge 

through Garwood’s (1907, 1913, 1916) application of similar principles in northern 

England, Ramsbottom’s (1973) eustatic cyclostratigraphy and George et al.'s (1976) 

chronostratigraphic scheme, up to recent contributions like the seismic sequence 

stratigraphy of Ebdon et a/. (1990). The currently accepted stratigraphic scheme (and 

the one used in this work) is that of George et ai (1976) which subdivided the 

Dinantian of Britain into six stages; the Courceyan, Chadian, Arundian, Holkerian, 

Asbian and Brigantian. This development provided British stratigraphers with a

14



C H R O N O S T R A T K 5R A P H Y liTHOVTRATMMAPHYU K  B fO S T R A T K J R A P H Y

C o n w  n c m o n M

Derbyshire Platform Regional 
■ F orm ation  N am e sH81

Altkanhwd a ChitltoHr 
(19021

S h a tf  p ro v in c e Otf-SheW

MC(pait)

) BEE LOW 
LIMESTONES

ECTON

r w v w i

MILLDALE
LIMESTONES

WOO DALE| 
LIMESTONES

wm*

flfloaap ttu lum
MIODELETON DALE 

ANHYDRITE 
SERIES

VV>

Figure 3.1 Global, UK and 
Derbyshire stratigraphy UK 
and Irish stages after George et 
al. (1976). Conodont, 
microfloral, ammonoid and 
foraminiferal biostratigraphy 
after Riley (1993) and 
references therein.



reliable framework within which to place previous work and future refinements to 

lithostratigraphy, biostratigraphy and sequence stratigraphy. Micropalaeontology has 

progressed in recent years with the evolution and distribution of foraminifera, 

ostracods, conodonts, miospores and microproblematica becoming more resolved 

(e.g. Chisholm et al., 1983; Somerville & Strank, 1984; Strank, 1985, 1986; Riley, 

1994; Smith, 1996). Increasingly reliable and precise biostratigraphy has facilitated 

correlation between regions both within the British Isles and across the world.

3.2 Seismic stratigraphy
In the early 1980s the East Midlands area was extensively surveyed as a number of 

exploration companies saw the economic possibilities of plays in the Carboniferous 

strata. Ebdon et al. (1990) utilised some of this data to study the stratigraphy of the 

Widmerpool Basin (Figure 3 .1). Seismic lines across the basins of northern England 

commonly show evidence of six major sequences during the Dinantian. The stages of 

George et al. (1976) are based on bio stratigraphy at named locations and are often 

difficult to identify in core. Ebdon et al. (1990) interpreted major sedimentary 

sequences on seismic cross sections from the Widmerpool Gulf and then correlated 

these to borehole records and adjacent outcrop, building a system of seismic sequence 

stratigraphy for the basin (Figure 3.1). From the oldest up the packages are:

Pre-rift Caledonian basement of pre-Dinantian age.

EC1 Late Devonian - Courceyan. Early phase of faulting, alluvial fans,

fluvial deposits and transgressive onlapping slope carbonates.

EC2 Chadian, possibly partly late Courceyan. Stillstand or regression,

development of carbonate ramps, possibly rimmed platforms.

EC3 Late Chadian -  late Holkerian. Renewed activity on basin bounding

faults and rotation of fault blocks, uplift and erosion of carbonates on 

footwall and drowning on hanging wall.
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Figure 3.2 Dinantian formation and member names in the southern and central parts o f the Peak District compared with earlier 
classifications. Redrawn from Aitkenhead et at. (1985).



EC4 Late Holkerian -  mid Asbian. Stillstand or regression, progradation of 

carbonate platforms, establishment of platform margins.

EC5 Late Asbian -  early Brigantian. Reactivation of extensional faults and

creation of new fault systems, fault block rotation resulting in local 

erosion on footwalls, extrusive volcanic activity. Reduced subsidence 

by end of sequence and carbonate productivity results in shallow water 

across the Widmerpool half graben.

EC6 Early -  mid Brigantian. Increase in water depth during each relative

sea level rise possibly indicating further subsidence and continued 

volcanic activity. Progradation of carbonate grainstones from the 

hanging wall dipslope and the evolution of a rimmed grainstone 

margin.

LC1 Late Brigantian - early Westphalian A. Post EC6 inversion, regional

thermal subsidence. Deep water with distal turbidites and prodelta 

deposits becoming more proximal upward.

Whilst this is a locally useful scheme for subdividing the Dinantian succession, 

especially in subsurface studies, the resolution is too coarse and misses crucial 

sequence stratigraphic events such as the Mid-Carboniferous Boundary (Riley, 1990). 

It also stresses the importance of tectonic controls on sedimentation over the effects of 

glacio-eustasy. Fourth order glacio-eustatic cycles are generally below seismic 

resolution whereas the third order cycles identified may be under tectonic control.
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3.3 Lower Carboniferous Stratigraphy of the Derbyshire Platform
In the area of the Derbyshire Platform the previous local lithostratigraphic schemes 

were superseded by regional formations for the on-shelf and off-shelf provinces 

proposed by Aitkenhead & Chisholm (1982), and locally revised by Chisholm et al. 

(1983) (Figure 3.2). Lithological summaries for the formations are given below and 

the macro and microfossil assemblages are covered in the BGS regional memoirs and 

references therein (Aitkenhead et al., 1985; Stevenson & Gaunt, 1971, Smith et a l , 

1967; Frost & Smart, 1979).

3.3.1 Pre-Asbian lithologies and depositional history of the Derbyshire 

Platform

The continental conditions that prevailed during the Devonian were followed by 

episodic transgression over an uneven landsurface during the Toumaisian. By the 

Chadian water covered much of the area where the Derbyshire Platform was 

subsequently to develop. In these conditions Waulsortian buildups developed, as 

documented in the Dovedale area by Bridges and Chapman (1988). These were 

interpreted as having formed in depths between 220 and 280m by comparison with the 

bathymetric assemblages published by Lees et al. (1985a & b). This phase of 

deposition ended with a probable period of erosion during the Arundian (Aitkenhead 

et a l, 1985. p.7).

Two boreholes penetrate the Dinantian strata to basement -  the Woo Dale Borehole 

(Cope, 1973; 1979) and the Eyam Borehole (Dunham, 1973) (Figure 3.3). Exposures 

of Holkerian age are also present in the form of inliers. The early transgressive part of 

the Carboniferous sequence in the Eyam Borehole consists of sandstones, dolomites 

and c. 65m of anhydrites with dolomites and mudstones bearing Toumaisian 

miospores interpreted by Dunham (1973) as representing a sabkha environment. 

Overlying the evaporite bearing sequence are 1324.52m of the Woo Dale Limestones 

Formation, which are largely dolomitised in the lower 1048.44m and consist of dark 

and pale grey limestones with subsidiary dolomites in the upper 276.08m.
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deposition of Topley Pike Member

DDM = Dam Dale Member 
TPM = Topley Pike Member 
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Cross-section through Woo Dale Limestones Formation showing relationships between members

Figure 3.4 A - Map o f  outcropping Woo Dale Limestones and boreholes. B - Schematic cross- 
section through Woo Dale Limestones showing relationships between members. C -  Model 
showing likely distribution o f  facies during deposition o f  the Topley Pike Member. (All redrawn 
from Schofield & Adams, 1985)

The lowest Dinantian units in the Woo Dale Borehole are c.28m of limestones with 

shale partings over a basal conglomerate succeeded by 243.2m of largely dolomitised 

limestones. The basal conglomerate was considered by Cope (1979) to be 

Toumaisian whilst George et al. (1976) gave an age of Chadian -  Holkerian for the 

dolomitised part of the section. Strank (1987) has subsequently shown these to be 

Arundian or younger.

Accounts of the uppermost part of the Woo Dale Limestones Formation from 

Aitkenhead et al., (1985), Smith et al. (1967) and Stevenson & Gaunt (1971) show 

the dolomites in the lower part of the Holkerian section to be succeeded by more than 

60m of limestones with some interbedded dolomites. The lower part is generally
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darker whilst the upper part contains interbedded peloidal calcarenites and pale to 

grey-brown calcilutites. In the Peak Forest Inlier, in the northwest of the area (Figure 

3.4), there is a lateral transition into pale crinoidal/shelly limestones sorted into coarse 

and fine bands. Thin oolitic units are also present. The upper parts of the Woo Dale 

Limestones Formation were subdivided, on the basis of lithofacies, by Schofield & 

Adams (1985) into (from the oldest upwards) the Vincent House Member, the Topley 

Pike Member and the Dam Dale Member (Figure 3.4). In this interpretation, the 

development of migratory peritidal shoals led to adjacent tidal flat, restricted lagoon 

and open shelf environments.

In the south east of the area, west of Matlock, the Griffe Grange Member (Figure 3 .2) 

is exposed in the Via Gellia valley. Smith et al. (1967) and Chisholm et al. (1983) 

assigned this unit to the Holkerian. However, Walkden and Williams (1991) state the 

unit to be mostly Asbian, on the basis of field relationships. Comprising mainly pale, 

porcellenous limestones, the Griffe Grange Member also contains oolitic and pisolitic 

bands along with some coarse bioclastic bands and clay partings.

The stratiform dolomites in the lower part of the Woo Dale Limestones Formation 

were interpreted by Aitkenhead et al. (1985, p. 10) as indicating shallow marine shelf 

conditions with restricted circulation and intense evaporation, producing hypersaline 

brines that resulted in the dolomitisation. Schofield (1982) raised the possibility that 

the dolomites may have resulted from the migration of Mg and Fe rich brines from 

adjacent basinal sediments during later deep burial. The detailed sedimentological 

history of these units has been obscured by the dolomitisation. The upper parts of the 

Woo Dale Limestones Formation show that by the end of the Holkerian shallow water 

conditions prevailed. Thin, bituminous seams, interpreted by Walkden (1970) as 

coals, in the Woo Dale -  Wye Valley inlier and in the Eyam Borehole were taken by 

Aitkenhead et al. (1985) to indicate emergent shoals were present whereas fenestral 

limestones, oolites and pisolites show very shallow subtidal to supratidal conditions. 

Whereas the sedimentological evidence still supports the overall interpretation of 

shallow marine conditions punctuated by episodes of exposure, the coals were shown 

by Schofield & Adams (1985) to be the result of pressure solution of impure 

limestones. The coarse bioclastic grainstones and rudstones of the Peak Forest Inlier
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cycles o f  the Asbian Bee Low Limestones (after Berry, 1884)

23



were taken to indicate shallowing westwards towards the margin of the carbonate 

shelf by Stevenson and Gaunt (1971). Smith and Smith (1985) interpreted this facies 

as showing shoaling over the Taddington-Bakewell anticline in late Holkerian times.

3.3.2 Asbian lithologies and depositional history of the Derbyshire Platform

Aitkenhead and Chisholm (1982) named the Asbian shelf deposits of the Derbyshire 

Platform the Bee Low Limestones Formation (Figure 3.2), this nomenclature applying 

to the whole province and superseding earlier local names. It is best considered in 

two distinct parts -  the shelf limestones and the marginal facies.

The Bee Low Limestones Formation - shelf facies

The proven thickness of the Bee Low Limestones Formation varies from 213m in the 

west to 68m in the south-east. Where the Lower Miller’s Dale Lava (see Section

4.2.3 & Figure 4.1) is present, the formation is subdivided into the Chee Tor Rock 

Member below, and the Miller’s Dale Limestones Member above the lava. Where the 

lava is absent the formation is undivided. Details on the formation were published by 

Aitkenhead et a l (1985), Stevenson and Gaunt (1971), Smith et a l (1967), Frost and 

Smart (1979), Cope (1933,1937, 1939), Hull and Green (1869), Green et a l (1887), 

Walkden (1972, 1974, 1977), Wolfenden (1958) and Berry (1984). The Chee Tor 

Rock Member (up to c. 120m) is thickly bedded to massive, with bed thicknesses 

ranging up to 10m but generally between 0.5 to 5m. It consists mostly of pale grey to 

grey calcarenites, being mostly crinoid/peloid packstones with some wackestones and 

grainstones (Figure 3 .5). It is generally finer grained and thinner bedded in the basal 

13m.

The Miller’s Dale Limestones Member is broadly similar to the Chee Tor Rock 

Member in lithology. Locally the limestones are even paler, being almost white, and 

are generally thinner bedded. The preserved biota of the Bee Low Limestones 

Formation is composed principally of echinoderm (mainly crinoid) debris along with 

comminuted brachiopod valves, foraminifera, ostracods, gastropods, the 

dasycladacean alga Koninckopora and microproblematica. The nature of the sediment 

and its constituent biota is indicative of shallow marine conditions.
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Figure 3.6 Asbian platform margin exhumed from beneath Namurian cover. The slopes down into the 
valley are at, or close to, original depositional dips. High ground to the right is composed o f  Asbian 
platformal facies, the valley floor is underlain by onlapping Namurian shales. Looking east from Treak C liff 
past Winnats Pass to Castleton and Hope Cement Works (smoking chimney).

The Bee Low Limestones Formation is subdivided into shallowing-up cycles from lm 

to 10m thick (Figure 3.5). The presence of palaeokarstic surfaces, pedified volcanic 

ashes and a range of calcrete forms indicate emergent cycle tops (Walkden, 1972,

1974, 1987; Walkden & Walkden, 1990; Vanstone, 1996, 1998). There are more than 

30 such cycles in the Bee Low Limestones Formation (Berry, 1984). The clay 

intercalations that are such common features in the Bee Low Limestones Formation, 

and almost absent in the Woo Dale Limestones Formation, are taken to indicate an 

increase in the amount of volcanic activity on and around the platform along with 

more frequent episodes of emergence.

The Bee Low Limestones Formation - margin facies
During the Asbian, the margin developed a relief above the adjacent basin in excess of 

150m (Figure 3.6) (Stevenson et al., 1975). The platform passes, through transitional 

zone and reef limestones situated on the break-of-slope, into a fore-reef slope with 

depositional dips up to 40° (Stevenson & Gaunt, 1971). The reef belt is present from 

Bradwell in the north to Mam Tor in the northeast and can then be traced southeast to 

Carsington through numerous discontinuous exposures.
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Figure 3.7 Asbian reef limestone facies. Void lining fibrous calcite cements (RFC), productid brachiopod 
(P), geopetal fill to brachiopod valve (GP). Coin for scale, 20mm.

The reef and associated forereef were originally mapped as the “apron reef’; a term 

apparently derived from Hudson’s (1932) description of an apron of reef-derived 

debris spread at the foot of the slope. Bond (1952), in a review of the various types of 

Lower Carboniferous “reef’ limestones, coined “apron reef’ to describe the situation 

where a scree of limestone material accumulates against an erosional scarp formed in 

older sediments. Shirley and Horsfield (1940) published one of the earliest detailed 

studies on the nature of the Asbian margins of the Derbyshire platform, giving a 

detailed account of the exposures in the Castleton district, with a map and detailed 

faunal lists from specific locations. These authors put forward the hypothesis that the 

reef limestones, which were dated on the basis of the goniatite fauna as being of B1 -  

PI age, were unconformable upon the D1 limestones of the shelf. They suggested the 

reef limestones were banked against a vertical wall formed as an erosional cliff during 

a period of exposure.

Parkinson (1943, 1947, 1953) looked in detail at the locations described by Shirley 

and Horsfield and presented evidence that the reef limestones were in fact laterally 

equivalent to the shelf limestones. He postulated three disconformities within the
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sequence -  one within the Asbian reef sequence, one between the Asbian and the 

overlying Brigantian Monsal Dale Limestones Formation and another beneath the 

Namurian. This latter had already been pointed out by Barnes and Holroyd (1896). 

The problem was a lack of good continuous exposure to provide conclusive evidence 

of the inter-relationships of the various facies zones. In an attempt to settle the debate 

Ford (1952) described the sections from all four of the main caves in the area showing 

the gradual passage from reef to back reef with no marked unconformity. Given the 

exact definition of Bond’s (1952) original concept of apron reef, and the now 

generally accepted lack of any erosional scarp beneath the reef limestones of the 

Derbyshire Platform, the term “apron reef’ will not be used in the present account.

Wolfenden (1958) studied the palaeoecology of the reef limestones and the adjacent 

shelf limestones along a belt from Castleton to Earl Stemdale. He documented the 

spatial distribution and comparative contribution of the preserved biota. Wolfenden 

described a distinct lithofacies, occurring in the zone behind the shelf-break and 

extending less than half a kilometre towards the interior of the platform, which he 

named as “spergenites”. From his description, these would appear to be well-sorted 

peloid/bioclastic grainstones. The other main features noted of this back reef zone are 

the increase in the amount of micrite and increasing numbers of reef-type brachiopods 

as the shelf-break is approached, along with the presence of coarse crinoidal 

rudstones, breccias and conglomeratic beds (Stevenson and Gaunt, 1971, Aitkenhead 

et a l, 1985).

Wolfenden (1958) was the first to identify the presence of a distinct reef facies located 

at the break of slope. He described these as elongate bodies parallel to the margin of 

the shelf, averaging 9m wide, up to 30m high and up to 370m long. By his account 

these are distinguished by being composed of “an organic framework constructed of 

stromatolitic algal deposits” containing an abundant biota dominated by productid 

brachiopods, bivalves, bryozoans, and crinoids (Figure 3.7). He also described the 

presence of Ortonella, Girvanella, encrusting foraminifers, ostracods, Koninckopora 

and corals, with a matrix composed of micrite, often with a clotted texture. He 

discussed the mode of formation of the micrite, suggesting it formed by the 

recrystallisation of algal deposits. Such textures are now generally taken as evidence 

for calcite precipitation mediated by the decay of microbes or sponge tissue
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(e.g. Pickard, 1996). The presence of fibrous calcite cements as an important 

volumetric contributor to the reef type rocks was documented by earlier workers, and 

described as “reef tufa”. Black (1952) disproved the earlier view that these 

represented evaporative deposits formed during temporary emergence, but went on to 

state they were formed by secondary recrystallisation of the micritic matrix. 

Wolfenden (1958) observed the presence of fine detrital silts overlaying the fibrous 

cements and concluded the cements were deposited as an early phase in primary 

cavities. Bingham (1991) studied the cements in detail and sub-divided the fibrous 

cements into three groups; radial fibrous, radiaxial fibrous and bladed, all of these 

being rich in micro-dolomite inclusions. She also noted the presence of inclusion-rich 

non-fibrous cements. All of these are interpreted to be marine cements. In addition to 

the marine cements, Bingham (1991) also described the presence of both phreatic and 

vadose meteoric cements and phosphate. She used the cement stratigraphy to 

construct a diagenetic history for these deposits from very early to deep burial.

Mundy (1978, 1980, 1994, 2000, Cossey & Mundy, 1990) studied buildups along the 

Craven Reef Belt, on the southern margin of the Askrigg Block, which are of similar 

age and type to those found in the Asbian strata of the Derbyshire Platform. These 

form both continuous shelf edge tracts and isolated mounds basinward of the shelf 

edge. He distinguished three facies - bank core, flank and framework facies -  which 

he proposed as a revisionary sub-division of Wolfenden’s original “reef facies”. The 

core facies consists of massive wackestones and floatstones, often with a micro- 

peloidal matrix and with a rich biota. The framework facies is described as a “non- 

essential and modifying component” (Mundy, 1994, p716) of the core facies which 

established itself occasionally. The framework facies consists of microbialite along 

with an encrusting biota which, with some corals, bryozoans, lithistid sponges, 

productid brachiopods and bivalves, formed a true framework. The flank facies forms 

the foreslope of the buildups. Mundy (1994) considered this facies to have been built 

of its own carbonate production rather than being a talus slope.

The flank, or fore-reef, units on the margins of the Derbyshire platform are steeply 

dipping, micrite-rich beds with poorly developed bedding. As with the reef facies 

these are richly fossiliferous, with corals, brachiopods, bivalves, gastropods,
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Figure 3.8 Typical Monsal Dale Limestones. Thick cycles with thinly-bedded, dark, impure 
packstones at the base, paler, thicker units o f  packstone and grainstone in the upper parts. Northern 
end o f  Middlepeak Quarry, Wirksworth, looking north east. Face is c. 45m high.

nautiloids, goniatites, trilobites, ostracods, bryozoans, crinoids, foraminifera and algae 

being the major contributors (Aitkenhead et al., 1985). A depth related zonation of 

genera has been demonstrated at Castleton, and at Chrome Hill and Dowel Farm near 

Earl Stemdale (Broadhurst & Simpson, 1973, Timms, 1978).

3.3.3 Brigantian lithologies and depositional history of the Derbyshire Platform

There are three Brigantian formations defined from the on-shelf province of the 

Derbyshire Platform. From the oldest upward these are the Monsal Dale Limestones 

Formation, the Eyam Limestones Formation and the Longstone Mudstones 

Formation. These are all described briefly below.

Monsal Dale Limestones Formation
Following a period of prolonged exposure at the Asbian/Brigantian boundary the 

platform was reflooded and marine conditions were re-established. The lower 

Brigantian Monsal Dale Limestones Formation (Aitkenhead & Chisholm, 1982) is 

between 100 and 200m thick over much of the area, but thickens to over 375m at
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Longstone Edge. The reactivation of basement faults during an episode of renewed 

subsidence during the early Brigantian (see Section 2.3 .2) led to local variations in 

thickness, unconformities and the formation of an intrashelf basin in the eastern part 

of the platform (Gutteridge, 1987, 1989).

The following general description is drawn from the accounts in Aitkenhead et al 

(1985) and Stevenson and Gaunt (1971). The base of the Monsal Dale Limestones 

Formation is marked either by the first occurrence of dark impure limestones or on the 

basis of faunal assemblage changes. As with the Asbian platformal limestones, the 

formation is made up of shallowing-up cycles with thinly bedded, dark, bioclastic 

packstones and wackestones, often rich in crinoid debris, passing up into thick bedded 

or massive, medium grey and pale peloidal/bioclastic packstones and grainstones 

(Figures 3 .8 & 3 .9). In places the pale and dark units can be shown to be laterally 

equivalent. Erosion surfaces and pedogenic features are present but not as common or 

as well developed as in the Bee Low Limestones. Chert is common, especially in the 

upper part of the formation, and is most commonly associated with the darker 

lithologies. The prevalence of dark limestones, which appear to have been deposited 

below fair weather wave base, along with the relative scarcity of well-developed 

exposure surfaces, indicates flooding events to a greater depth than was the case 

during the Asbian.

The presence of bioherms (“knoll-reefs” or “reef-knolls” in the older literature) in the 

Brigantian strata has been noted by many authors (Eden et al., 1964; Bond, 1950;

Frost & Smart, 1979; Hudson, 1932; Parkinson, 1947; Shirley & Horsfield, 1940; 

Smith et a l , 1967; Stevenson & Gaunt, 1971; Aitkenhead et al, 1985). The most 

comprehensive published work on these features, which occur both in the Monsal 

Dale Limestones Formation and in the overlying Eyam Limestones Formation, is a 

series of papers by Gutteridge (1987, 1989, 1990, 1991). These buildups occur in a 

variety of settings across the platform from the margins and the platform interior to 

the shallow to mid part of an intraplatform ramp. Geometries range from low tabular 

banks which prograded laterally to domical forms in which vertical aggradation 

predominated (Figure 3 .10). Water depth and subsidence controlled the form of the
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Figure 3.9 Sketch log showing principle features of typical Brigantian cyclothem, Monsal Dale 
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Figure 3.10 schematic representations of carbonate mud-mounds illustrating the subdivision into 
facies and mounding styles. All carbonate mud-mounds nucleate as tabular mounds and then develop 
into domical mounds. Subsequent growth is determined by water depth and subsidence rate: laterally 
accreted mounds grow in areas of shallow water and slow subsidence; vertically accreted mounds 
grow in areas of deeper water and faster subsidence. From Gutteridge, (1995).

mound. Broadly, two facies divisions are recognised -  a core composed mainly of 

micro-peloidal and homogeneous micrite (see Section 4.4), and flanking beds of 

bioclast/intraclast wackestone/packstone or crinoidal grainstones and rudstones 

The reef complex that built a steep margin slope during the Asbian failed to re

establish during the Brigantian. The nature of the margin changed to a lower angle, 

grain-dominated slope (Broadhurst and Simpson, 1973). The margin back-stepped in 

the latest Asbian and early Brigantian. Banks of bioclastic material developed along a 

zone up to 2km platformwards of the old Asbian break-of-slope on the northern 

margin between Bradwell Dale and Pindale. These units were described in the older 

literature (Shirley & Horsfield, 1940; Eden et al., 1964, Stevenson and Gaunt, 1971) 

as “flat reefs”, but reinterpreted as bioclastic sandbodies by Gawthorpe and 

Gutteridge (1990).
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E yam  L im estones Form ation

A platform-wide erosion surface marks the boundary between the Monsal Dales 

Limestones Formation and the late Brigantian Eyam Limestones Formation (Figure 

3.11) (Adams, 1980; Gutteridge, 1991). At Coombesdale Quarry and Winster a thin 

coal and seat earth are present (Stevenson & Gaunt, 1971; Aitkenhead et al.f 1985). 

Below the boundary are the Group 1 mounds of Gutteridge (1995), which earlier 

authors had included in the Eyam Limestones Formation (Aitkenhead & Chisholm, 

1982). The revision of the boundary followed the recognition of the exposure surface 

and pedogenic features on top of the mounds (Adams, 1980; Gutteridge, 1991).

Group 2 mounds are those higher within the Eyam Limestones Formation and were 

associated with bioclastic sandbodies deposited on an intraplatform ramp. The 

mounds of Group 2 do not show the signs of emergence but seem rather to have been 

suppressed by the erosive effects of high-energy conditions (Gutteridge, 1995).

Figure 3.11 Thin-bedded Eyam Limestones in upper part o f  face, overlying Monsal Dale Limestones. A 
wayboard clay separates the two formations. North western end o f  Cawdor Quarry looking northwest, 
height o f  face c. 15m.
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Stevenson & Gaunt (1971) record the presence of “flat reefs” within the formation in 

the area between Middleton Dale and Eyam; presumably these represent laterally 

extensive bioclastic banks. Tin thickness of the Eyam Limestones Formation is up to 

50m over most of the area.

Longstone Mudstones Formation

The Longstone Mudstones Formation was defined by Aitkenhead and Chisholm 

(1982) and described from the type area around Great Longstone and Little 

Longstone. Up to 20m thick, it consists of dark grey, calcareous, marine mudstones 

lying conformably upon the Eyam Limestones Formation. Thin bands of dark, fine

grained limestone are present. The top is defined by the first occurrence of the 

Namurian goniatite band Cravenoceras leion. The Longstone Mudstones Formation 

is of uppermost Brigantian age, and, though lithologically related to the Namurian 

package of sediments that onlap the Derbyshire carbonate platform, indicates only 

minor carbonate productivity up into the Namurian

There are no platform-wide episodes of exposure recognised within the Eyam 

Limestones Formation or the Longstone Mudstones Formation and the boundary 

between the two formations is conformable. Despite this, both formations (and the 

overlying Namurian) occur, in places, directly over the Monsal Dale Limestones 

Formation (Figure 3.3). This was considered by Aitkenhead et al. (1985) to be due to 

the overstepping of the younger formations as an uneven surface was flooded 

following the mid Brigantian lowstand. It may also point to an episode of eastward 

tilting late in the mid to late Brigantian (Gutteridge, personal communication, 2002).

Beach Beds

Barnes and Holroyd (1896) first described these unusual deposits around the foot of 

the slope on the northern Asbian margin. They recorded the nature of the rocks; being 

“a conglomerate, the harder rounded portions of which, on closer examination, were 

found to be fragments of rolled and water-worn shells”. They concluded the beds 

were deposited along a shoreline and placed the adjacent land area as being to the 

north and west. The name “Beach Beds” is a result of their work and, though 

misleading, has remained in use. Interestingly, they documented the presence of 

rounded quartz pebbles -  a feature not mentioned by subsequent authors and not
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located during this study. Sadler (1964) studied the beds in the Castleton area and 

documented the presence of some fine-grained grey limestones and the presence of 

dark bituminous shale bands. She considered the Beach Beds to be contemporaneous 

with the Asbian reef deposits, and to have been laid down as a submarine fan at the 

foot of Winnats Pass, which formed a contemporaneous submarine channel. The 

Castleton Borehole showed the presence of Brigantian fauna in the Beach Beds, 

thereby disproving an immediate association with the adjacent reef. Winnats Pass is 

generally held to be a Pleistocene glacial or periglacial geomorphological feature 

(Ford, 1977). Stevenson and Gaunt (1971) considered these units to be Brigantian 

and to have been deposited prior to the Eyam Limestone transgression, thus placing 

them as equivalent to the Monsal Dale Limestones Formation.

Boulder Beds
The presence of a boulder bed lying between the top of the exposed Dinantian strata 

and the onlapping Namurian shales along the northern margin has been noted by 

many of the earlier workers (Barnes and Holroyd, 1896; Parkinson, 1953, 1965).

Figure 3.12 The sub -  Namurian 
unconformity, boulder beds 
overlying an irregular surface o f  
Asbian marginal facies. Old Blue 
John workings on the northern side 
o f  Winnats Pass.
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Jackson (1925) documented the contact between the Dinantian and Namurian strata 

from Doveholes to Bradwell and made no mention of it, describing only an “uneven 

and channelled surface”. Simpson and Broadhurst (1969) described the boulder beds 

in detail at Treak Cliff showing them to be of greater extent then previously thought, 

and consisting of both angular and rounded boulders (Figure 3.12). These range in 

size from pebbles up to boulders several metres across. The clasts have a range of 

compositions but are chiefly bioclastic grainstones, packstones and rudstones. The 

interstitial matrix is composed of carbonate debris and infiltrated shales. The boulders 

lie over and grade into a fissured surface. Units of similar lithology and age are also 

present in the Craven Reef Belt area (Mundy, 2000).

3.4 Namurian - platform drowning

Across the Derbyshire Platform as a whole, the Upper Visean -  Namurian contact 

varies from one that is conformable to a marked angular disconformity. Conformable 

contacts are limited to the intraplatformal basins in the central, eastern and south

Figure 3.13 Namurian prodelta 
mudstones and turbiditic 
sandstones, Mam Tor.



eastern parts of the platform, and also within the Widmerpool Gulf and Edale Basin. 

Everywhere else the Namurian onlaps an eroded surface, with the degree of 

stratigraphic separation being greatest along the basinal margins to the southwest, 

west and northwest. In places the Namurian rests directly upon the Asbian. The 

present day exhumed Derbyshire Platform was once fully encased beneath a 

Namurian cover of prodelta mudstones and turbiditic sandstones, that onlapped and 

buried the platform (Figure 3.13) (Aitkenhead et al., 1985; Stevenson & Gaunt, 1971).

3.5 Basinal Province

3.5.1 The Widmerpool Gulf

The basinal rocks equivalent to the Visean formations of the platform outcrop 

southwest of the platform, but are only known from borehole data to the north. In the 

south, approximate equivalents are the Milldale Limestone Formation to the Woo 

Dale Limestones Formation, the Hopedale Limestones Formation and Ecton 

Limestones Formation equate to the Bee Low Limestones Formation, whilst the 

Mixon Limestone-Shales are correlated with the Monsal Dale Limestones Formation
v

and the Longstone Mudstones Formation (Figures 3.2 & 3.3). The boundaries shown 

by Aitkenhead and Chisholm (1982) are diachronous and these correlations are taken 

as approximate. The problems of correlating basinal sequences, with divisions based 

on ammonoid biostratigraphy, to the coral/brachiopod zones of platformal sequences 

have yet to be fully resolved. The problems are compounded by the lack of good 

exposure of these mudstone-dominated sequences, and, in an effort to obtain a 

complete section, a borehole was put down by the IGS at Duffield c. 15 km SSE of 

Wirksworth (Aitkenhead, 1977). The top of the Visean section is taken to be at the 

base of the Cravenoceras leion band thus making it equivalent to the top of the 

Longstone Mudstones Formation on the shelf. The Visean section is a sequence of 

limestone turbidites, sandstone turbidites, tuffaceous sediments and pelagic 

mudstones interrupted only by two doleritic dykes. Non-sequences are not evident in 

the section cored. The limestone turbidites may have been sourced from any of the 

shelves flanking the Widmerpool Gulf, whereas the most likely source of the 

sandstones would seem to be the uplands to the south. The turbidites are distal in 

character, consisting mostly of the upper D and E divisions of the Bouma sequence.
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The only exception is one unit, 1.37m thick which has divisions from A to E and has 

a coarse conglomeratic base. This is taken to represent an event of unusually high 

energy. Palaeocurrent data suggests that flows at the location of the borehole were 

primarily axial to the gulf (approx. E-W or ENE-WSW) (Aitkenhead, 1977). An 

important point is the much greater thickness of the Visean section in the Duffield 

Borehole than its correlative section on the platform to the north.

3.5.2 The Edale Basin

North of the exposed platform there are four boreholes which intersect Visean strata - 

Castleton, Hope Cement Works, Edale and Alport.

Castleton borehole is situated at the foot of Treak Cliff. It showed, beneath 30.64m of 

drift and Namurian shales, 4.9m of Visean mudstones with calcareous bands and 

27.33m of limestone. The lower 19.77m were taken to be equivalent to the 

outcropping Beach Beds. They are lithologically similar, having numerous well-worn 

productid and spiriferid brachiopod valves. Faunal evidence shows these to be no 

older than a position high in the D2, possibly close to the P1-P2 boundary (Stevenson 

& Gaunt, 1971). This evidence would place them as mid Brigantian, and equivalent to 

the upper part of the Monsal Dale Limestones Formation or the lower part of the 

Eyam Limestones Formation.

Fearnsides & Templeman (1932) described Hope Cement Works Borehole (see 

Figure 5.4 & 5.5), and an abridged log was published in Stevenson and Gaunt (1971). 

The borehole, situated some 400m north of the exposed foreslope, showed a Visean 

section beneath 86m of drift and Namurian shales. The Visean sequence is composed 

of 5.23m of Visean mudstones passing down into 16.3 lm of mostly coarse crinoidal 

and shelly limestones. These overlie 45.85m of pillow lavas, tuffs and thin tuffaceous 

limestones. Stevenson and Gaunt (1971) interpreted the volcanic sequence as being 

of late PI or P2 age thus making the overlying limestones of upper D2 (Brigantian) 

age.

The Edale and Alport boreholes were first documented by Hudson and Cotton (1945, 

1945a) and the sections have been summarised in Stevenson and Gaunt (1971).

Edale borehole and Alport are c.3km and c. 12km respectively north of the northern
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margin of the carbonate platform. In the Edale Borehole the Visean section is of late 

Asbian to early Brigantian age whilst in the Alport borehole the sequence extends 

down into the Arundian. Gutteridge (1991) examined the sedimentology and 

identified four distinct lithofacies.

1) A spiculitic wackestone facies, interpreted as being fine-grained hemi-pelagic 

carbonates derived from adjacent shelves, and deposited in deep sub-wave base 

basins in fluctuating oxic/anoxic conditions.

2) A shale facies with thin layers and lenses of reworked bioclastic debris. This is 

interpreted as pelagic sediment laid down in dysoxic conditions with the bioclastic 

intercalations representing either distal calciturbidites or episodes of winnowing.

3) A bioclastic grainstone/packstone facies, interpreted as being composed of 

shallow water grains resedimented, probably as calciturbidites, into the basin.

4) A volcaniclastic facies of bedded tuffs or volcaniclastic particles dispersed within 

the bioclastic grainstone/packstone facies. Sedimentary structures indicate 

deposition from waning flows.

During the Arundian to early Asbian shallow water grains were resedimented in a 

mid- ramp setting, presumably mobilised by storms. Vulcanism within the basin and 

on the adjacent platform added volcaniclastic grains. From the mid Asbian the basin 

became starved and sedimentation switched to the deposition of pelagic shales and 

distal calciturbidites. This change was possibly linked to the aggradation of the 

Asbian platform margins and repeated emergence of the platforms shutting down 

carbonate productivity for long periods.

3.6 Igneous Rocks of the Derbyshire Platform
A number of tuffs, hyaloclastites and basaltic lavas are present, interbedded with the 

limestones. The most important of these are the Upper Miller’s Dale Lava in the 

north, the Cressbrook Lava, Lathkill Lodge Lava and the Litton Tuff in the central 

part of the district, and the Lower and Upper Matlock Lava in the south east (Figure
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3.2). Where volcanics make up more than half of the sequence they are designated 

the Fallgate Volcanic Formation (Aitkenhead and Chisholm, 1982).

There are both extrusive and intrusive rocks associated with the Dinantian strata of the 

Derbyshire Platform. Detailed accounts are given in Amold-Bemrose (1894, 1907, 

Aitkenhead et al (1985), Stevenson & Gaunt (1971) and Smith et al. (1967). Walters 
& Ineson (1981) reviewed the distribution and correlation of the igneous units and 

concluded there were four main centres. The Matlock lavas are associated with a 

centre in the area of Bonsall. The Lees Bottom, Shacklow Wood, Lathkill Lodge and 

Conksbury Bridge lavas were centred on Alport. A centre near Tunstead was 

responsible for the Miller’s Dale lavas and a fourth centre in the region of Longstone 
Edge erupted hyaloclastites, tuffs and lavas. The nature of each centre and the 

relationships between vents and individual flows are poorly constrained. The centres 

probably were not single vents but rather groups of fissures or vents. Aeromagnetic

Figure 3.14 A (left above) Degraded tuff over deeply pitted palaeokarstic surface. Bee Low Limestones 
Formation, Doveholes Quarry, notebook for scale. B (right above) Wayboard clay c. lm  thick in Bee 
Low Limestones Formation Hindlow Quarry. Red staining below clay is due to oxidation o f  pyrite in 
clay. Closely spaced vertical fractures are a common feature o f  Asbian platformal limestones.
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surveys have shown these centres to be part of a larger NW-SE anomaly crossing the 

East Midlands area, presumably representing an igneous body associated with a major 

crustal lineament. The igneous centres deduced from mapping do not exactly 

correspond with the magnetic anomalies. It is likely that this effect is due to the 

presence of thick accumulations of magnetically susceptible basaltic bodies in the 

subsurface (Cornwell and Walker, 1989).

3.6.1 The extrusive volcanics of the Derbyshire Platform

The extrusive volcanics take the form of lavas, hyaloclastites, tuffs and thin clays 

known as wayboard clays. The lavas are generally highly altered olivine-phyric and 

aphyric basalts. The texture is ophitic, generally fine grained, often vesicular and 

containing amygdales of carbonate, chlorite, chalcedony or albite. An exception to 

this are the lavas associated with the Calton Hill vent which are less altered and 

contain spinel-lherzolite and harzburgite xenoliths along with phenocrysts of olivine, 

clinopyroxene, Fe-Ti grains and plagioclase (Macdonald et al., 1984).

The lavas were erupted both subaerially, shown by their emplacement over 

palaeokarst, and subaqueously. Subaqueous extrusion is shown by the presence of 

hyaloclastitic textures and by the presence of pillow structures in the Hope Cement 

Works Borehole.

Volcaniclastic units are present at many localities across the Derbyshire platform. 

Aitkenhead et al. (1985) distinguished two main types. The first group contain 

angular clasts with few (less than 20% of the rock) large vesicles, and are poorly 

compacted. The second group are composed of more rounded clasts with abundant 

vesicles and amygdales. The first group are clastic basalts and may be hyaloclastic in 

origin; the second group are more likely to be tuffs. The petrology of both groups is 

similar, being composed of basaltic glass replaced by aggregates of phyllosilicates 

with calcite, analcime, quartz, pseudomorphs after olivine and microphenocrysts of 

plagioclase. The majority of the tuffs were deposited subaerially over palaeokarstic 

surfaces and often form laterally impersistant lenses. Thick tuff cones are recorded 

from Grangemill (Walkden, 1972) and the Pindale-Hope areas (Eden et al., 1964).

The latter grade up through tuffaceous limestones into more normal pure limestones. 

The upper and lower margins of the tuffs are often altered to clay and may pass
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laterally into thinner, more laterally extensive wayboard clays, as do some of the 

lavas.

The wayboard clays (Figure 3.14B), an old quarrying term still in use, are thin clay 

units which are up to 1.25m thick but are generally less than 3cm thick (Aitkenhead et 

al, 1985). When fresh, the clays are usually a green-grey to blue colour, weathering 

to yellow and red-brown due to a large component of disseminated pyrite. Although 

one exception was recorded by Walkden (1972), the clays are unfossiliferous; they 

can be distinguished from detrital clays by their abrupt transition to pure limestones, 

their absence of detrital quartz and the absence of carbon or any evidence of organic 

activity. The clays are commonest in the Asbian Bee Low Limestones; over 30 are 

recorded from the continuous section in Great Rocks Dale (Aitkenhead et al, 1985). 

Whilst many of these horizons are probably present over much of the platform, 

correlation has proved difficult due to the lack of natural exposures. They are the 

authigenic alteration products of ashfall deposits, shown by geochemical analysis to 

be potassium-rich bentonites. The clays are chiefly smectitic where enclosed by thin- 

bedded impure limestones and more illitic in clean, shallow, shelf calcarenites 

(Walkden, 1972). The initial alteration to expanding-lattice clays may have been 

pedogenic with smectite-rich compositions indicating low annual rainfalls and/or low 

internal drainage (Vanstone, 1996). Berridge (in, Aitkenhead et a l, 1985, p65) 

pointed out the green, pyrite-rich clays formed under reducing conditions and that the 

enrichment by potassium, along with the presence of sodic andesine rather than albite 

as the secondary plagioclase phase, may indicate autometasomatic alteration by 

marine derived water rather than subaerial weathering. However, primary enrichment 

of the original magma by potassium was not ruled out.

3.6.2 Intrusive igneous rocks of the Derbyshire Platform

Dolerite sills and vents are the two main forms of intrusive body present in the area of 

the Derbyshire Platform. Named dolerite sills include the Calton Hill Intrusion, The 

Ible Sill, Tideswell Dale Sill (Aitkenhead et a l, 1985), Bonsall Sill (Smith et al, 

1967), Waterswallows Sill, Peak Forest Sill, Potluck Sill and Mount Pleasant Sill 

(Stevenson and Gaunt, 1971). Two sills are also documented from the Duffield 

borehole (Aitkenhead, 1977). Dykes are also present at Buxton Bridge (Stevenson 

and Gaunt, 1971). The sills are described as ophitic olivine-dolerites, coarser than the
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lavas and with well-defined but altered olivine phenocrysts, plates of titanaugite 

poikilitically enclosing labradorite laths and free of vesicles (Smith et al., 1967).

Vents are present at a number of locations and consist of pyroclastic and/cfr 

agglomeratic basaltic bodies, often with limestone xenoliths, that cross cut the 

stratigraphy. Exposures are nowhere good enough to correlate vents with lavas or 

intrusive bodies with any certainty.

Although geochemical differences do exist between the various intrusions 

(Aitkenhead et al., 1985, p96) the lavas, tuffs, sills, dykes and vents are essentially co- 

magmatic. The character of the igneous rocks is consistent with an intra-plate 

tholeiitic magma source. It is unlikely that there was a major zone of partial melting 

beneath Derbyshire during the Dinantian. Pockets of magma were generated from 

relatively fertile mantle and came to the surface along fractures as a result of 

lithospheric stretching (MacDonald et al., 1984). Some radiometric dating has been 

done on the lavas with published K -Ar minimum ages of 282 +/- 17Ma for the 

Lower Miller’s Dale Lava; 318+/- 9Ma for the Upper Miller’s Dale Lava; 287 +/- 

13Ma for the Tidesdale Sill; 295 +/- 14 for an olivine basalt intrusion at Calton Hill; 

309 +/- 21Ma for the Ible Sill (Fitch et al., 1964, 1970) and 311+/- 6Ma for the 

Waterswallows Sill (Stevenson et al., 1970). The dates may be, however, 

anomalously young due to Ar loss caused by later hydrothermal alteration (Walters 

and Ineson, 1981).
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CHAPTER 4

THE FACIES ARCHITECTURE AND DEPOSITIONAL GEOMETRY OF A 

LATE VISEAN SPONGE/MICROBIAL BIOHERM-RICH CARBONATE 

PLATFORM MARGIN, DERBYSHIRE, UK.

4.1 Introduction
The aim of this chapter is to build a facies architecture for the northern part of the 

Asbian margin of the Derbyshire Platform, in which steep slopes with a microbial 

boundstone component developed. The primary depositional geometry of the margin 

will also be evaluated from depth controlled sedimentary variables, and from such 

geometry as remains measurable today. Field studies consisted of facies mapping, 

logging where possible and a sampling programme. Assessment of samples was by 

examination of polished surfaces, thin sections and peels. The general geology of the 

area at formation level is displayed in Figure 4.2. Following lithofacies definition, 

they were grouped into facies associations based upon where they occurred and their 

inter-relationships. Palaeoenvironmental interpretations were drawn from field 

relationships and microfacies analysis.

The Bee Low Limestones Formation is exposed as an inlier with level or gently 

dipping beds in the central part passing eastwards under the Brigantian Monsal Dale 

Limestones Formation. To the north, south and west the beds dip steeply down below 

unconformably overlying younger formations (see Chapter 3 and Figure 4.2). The 

studies of Jackson (1925), Shirley and Horsfield (1940) and Parkinson (1943) showed 

the steeply dipping edges of the inlier were not isoclinal flexures defining a structural 

dome (Barnes & Holroyd, 1896) but part of the margin of a carbonate platform that 

had an interior close to horizontal and syn-depositional slopes down into the adjacent 

basins. In the following account the term “platform break” is used to denote that 

point where basinward dips increase rapidly, usually over short lateral distances (tens 

of metres or less). Likewise, the terms “slope”, “platform” and “platform interior” are 

used merely as descriptors of topography with no implied environmental 

interpretation. The term “margin” is used herein to denote the entire system forming 

the edge of the platform, including the uppermost sldpe, the platform break and the 

outermost part of the platform, where the proximity to the open basin has had some 

effect on the sedimentology of the limestones.
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4.2 S tra tig rap h y  and  locations

4.2.1 Stratigraphy

The general stratigraphy of the Derbyshire Platform was discussed in Chapter 3; this 

study focuses upon the margin of the platform during the deposition of the lower part 

of the Bee Low Limestones Formation. This formation is of Asbian age, though 

Strank (1985) noted that within the Eyam Borehole the uppermost part may be 

Brigantian. The Bee Low Limestones Formation is subdivided, where the Lower
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Miller’s Dale Lava is present, into the Chee Tor Rock Member and the Miller’s Dale 

Limestones Member below and above the lava respectively (Aitkenhead & Chisholm, 

1982) (Figure 4.1). The underlying Woo Dale Limestones Formation ranges in age 

from ?late Toumaisian to lowest Asbian (George et al., 1976). The overlying Monsal 

Dale Limestones Formation is of early Brigantian age.

4.2.2 Locations

B e e  Low L im esto n es  F orm ation  j [ U n d if fe r e n t ia te d  p o s t -D in a n t ia n  c o v e r

W o o  D o te  L im esto n es Focmcrtion [~ | U n d if fe r e n t ia te d  B r ig a n t ia n  fo r m a t io n s

T o p o g r a p h ic  c o n to u r s , s e p a r a t io n  5 0 m  ■ F a u lt +  T o w n  o r  v i l la g e

J _________ pICrTl  Une of section shown Grid is UK Ordnance Survey Grid in metres.
in Figure 2 .4

A  - E ld o n  Hill; B - E ld o n  Hill Q uarry; C  - S n e lls  Low; D  - M id d le  Hill; E - M a m  Tor; F - Treak Cliff;
G  - W in n a ts  P a ss ; H - L o n g  Cliff; I - C o w  L ow  N ick; J  - C a v e d a l e ;  K - P in d a le ;  L - J a c k  B ank;
M - H o p e  Q u a r ty ;  N  - N e w  H o p e  C ru sh er; O  - M ic h  L ow  a

hotrr
Winnats Fdss 
C a v ed aie
Eldon H« Quarry 
Cow low  Nick 
New Hope Crusher

Generalised platform rragln profle derived fiom Wlnnals Pass 

Vertical heights above UK Ordnance Suvey Datum 
No vertical exaggeration

Figure 4.2 A; Map showing Dinantian formations o f  the northern part o f  the Derbyshire Platform 
and the locations o f  main areas mentioned in text. Redrawn in part from Stevenson & Gaunt 
(1975). B. Generalised cross section o f  the margin o f  the Derbyshire Platform showing 
disposition and extent o f  main areas studied.
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The entire Bee Low Limestones Formation is not exposed in any one location close to 

the margin. So, in attempting to reconstruct the facies architecture of the margin of 

the Derbyshire platform, it was necessary to use evidence from separate areas. The 

main locations investigated (see Figure 4.2) were Eldon Hill Quarry, Treak Cliff, 

Winnats Pass, Cow Low Nick, Cavedale, Pindale and the area around Hope Quarry. 

These are the main areas with useful exposures, but intervening areas have also been 

examined.

4.2.3 Correlative horizons

A brief account is given here of the correlations used herein to tie the various 

locations together. For a full discussion see Appendix 1.

Where the boundary between the Bee Low Limestones Formation and the Monsal 

Dale Limestones is exposed, or where its location can be deduced, this provides the 

best horizon from which to hang sections (Figure 4.3). In Hope Quarry and Pindale 

the boundary is placed at the palaeokarstic surface beneath the lower Girvanella band. 

This horizon was defined by previous authors as the D1/D2 (Asbian/Brigantian) 

boundary using coral/brachiopod biostratigraphy (Shirley & Horsfield, 1940; 

Parkinson, 1945; Eden et al., 1964; Stevenson & Gaunt, 1971, Aitkenhead & 

Chisholm, 1982). Parkinson (1945) placed the boundary in Cavedale high on the 

south eastern slopes below black limestones, rich in chert nodules. The Cavedale 

Lava has been correlated with the Lower Miller’s Dale Lava further south (Shirley & 

Horsfield, 1940), with the Pindale Tuff and the tuff-cones in Hope Cement Works 

Quarry (Eden et al., 1964), interpretations which are accepted here (Figures 4.3 & 

4.4). Preparatory excavations for the building of a new crusher plant on the slope 

above Hope Cement Works exposed a tuff (referred to herein as the Hope Crusher 

Tuff or HCT) that is also correlated with the Cavedale Lava and Pindale Tuff (see 

Figures 4.3 & 21). Eden et al. (1964) recorded two ash bands above the main tuff in 

Pindale (borehole EQ7). The upper of these is correlated here with the ash band 

above the Cavedale Lava (see also Parkinson, 1943, 1945, 1952) and with an ash band 

above the main tuff in Lower Jack Bank Quarry.
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Figure 4.4 Cross-section through the Bee Low Limestones Formation drawn parallel to the northern margin of the Derbyshire Platform.



The base of the Miller’s Dale Limestones Member west of Cavedale is correlated with 

the base of the Cavedale Lava and this horizon was traced, from field relationships, to 

the base of Shining Cliff (see Figure 4.4) via the lowest occurrence of well-bedded 

bioclastic packstones and grainstones at the top of Cow Low Nick (Figure 4.4). This 

horizon was further traced along the top of the southern slopes of Winnats Pass, 

though the underlying units are here more typically platformal, to the area around 

Winnats Head Farm. This horizon is also present on the summit of Treak Cliff, a fact 

suggested by Shirley and Horsfield, (1939, map) but not referred to by subsequent 

authors. Wolfenden (1958) described two “reefs” within the margin and in Winnats 

Pass the top of the lower “reef’ is marked by an exposure surface, changes in 

lithologies and a marked change in stratal geometries. This horizon was located in 

Cavedale on the basis of changes in lithology and field relationships.

Eldon Hill Quarry is difficult to correlate accurately with the other locations. The 

presence of Koninckopora and Gigasbia Gigas places the section within the Asbian 

(Riley, 1993) and mapping of brachiopod bands places it below the Lower Miller’s 

Dale Lava (Shirley & Horsfield, 1940). The top of the Woo Dale Limestones 

Formation is no more than 30m below the base of Eldon Hill Quarry (Stevenson & 

Gaunt, 1971, 1973), placing this section low in the Bee Low Limestones Formation.

In the absence of good correlatable horizons the section has been placed as shown in 

Figure 4.3.

Clay bands are present in the Eldon Hill Quarry section and within Hope Quarry. 

Similar horizons are almost certain to be present in Cavedale, Winnats Pass and the 

other intervening areas of natural exposure, but, if so, are covered by vegetation. The 

clays can be seen, when examined in the larger quarries of the district, to be laterally 

impersistant over hundreds of metres. Correlation between clay horizons can only be 

tentative at best (see Vanstone, 1998).

These locations, when correlated together, give an overall thickness for the Bee Low 

Limestones Formation along the northern margin of c. 175m. This figure compares 

reasonably well with 183m at Bee Low, around 3km southwest of Eldon Hill, given 

by Aitkenhead and Chisholm (1982).
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point of Treak Cliff steeply down 
southwards to the road.

Figure 4 5. Cross section through Shining C liff area o f  Winnats Pass showing changes in stratal 
geometry used to subdivide the margin into Stratal Geometry Zones 1 to 3.
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4.3 Subdivisions of the Bee Low Limestones Formation defined in 

this study
4.3.1 Stratal geometries

The platform margin may be divided on the basis of stratal geometries into three 

zones that occur within the present area of study (Figure 4.5 and Figure 4.6): -

Stratal geometry zone (SGZ) 1.

Units in this zone are generally thickly bedded (l-3m) and occur as clinothems 

dipping outward from the platform at up to 40 degrees (Figures 4.5 & 4.6). Geopetals 

show existing dips to be close *o syn-depositional. Bedding is often poorly defined, 

generally even, but may in places be lensoid on a scale of tens of metres. The full 

down-dip extent of this zone is nowhere seen but the exposures show over 250m 

horizontal and around 100m vertical extent with little change of overall dip.

Stratal geometry zone (SGZ) 2

This zone is characterised by massive or very poorly developed bedding (1 -  3m) 

(Figure 4.6). Where bedding can be distinguished, dips are low to moderate and 

variable in direction. The lateral transitions into SGZ 1 and SGZ 3 are gradational. 

The thickest exposures of this zone (in Winnats Pass - see Section 4 .3 .2 below and 

Figures 4.7 & 4.6) show at least 70m of thickness, though the base is not exposed.

The zone is generally less than 75m wide,

Stratal geometry zone (SGZ) 3

Medium to thick, generally well bedded (0.3 - >2m) units, arranged in cyclic packages 

similar to those seen over the platform interior of Asbian age (Berry, 1984), 

characterise SGZ 3 (Figures 4.7 & 4.24). Bedding tends to become more massive up 

through each package. Dips vary from level to gentle or moderate and do not show 

much lateral or stratigraphical variation (though more variation in dips and dip 

directions are found in the area immediately adjacent to SGZ 2 -  see Section 4.6.3). 

Away from the margin, SGZ 3 constitutes the full thickness of the Bee Low 

Limestones Formation (c . 175m) and is laterally extensive (tens of kilometres).

51



SGZ 1. Thickly b e d d e d  units dipping 
steep ly  basinwards. N ote possibly 
erosive surface a t left o f crag  a t high 
a n g le  to  bed d ing . Treak Cliff /  Winnats 
Pass, person in lower cen tre for sca le .

SGZ 1/SGZ 2. Steeply dipping b e d d e d  units 
in right hand (northern) part of exposure  
p ass south into units which are nnassive or 

show  poorly d e v e lo p e d  low a n g le  bedd ing . 
Northernmost port o f C a v ed a le . S ca le  bar is 
5m .

A bove: SGZ 2/SGZ 3. Massive units a t right 
(north) p ass into low-angle, m edium - 
-b e d d e d  units southwards (left). 
Northernmost part of C aved ale, c .2 0 m  
south o f p h oto  a b o v e . S cale bar 5m .

Left: SGZ 3. Well b e d d e d , m edium  to 
thick units arranged in cyclic p ack ages, Dips 
are generally low or level a n d  b e d s are  
laterally extensive. Eldon Hill Quarry, looking 
north. Height o f f a c e  a t  right is c . 80m .

Figure 4.6. Examples o f  bedding styles in Stratal Geometry Zones
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4.3.2 The gross geometry of the margin and its relation to stratal geometries.

Perhaps the best location to demonstrate how the overall geometry of the margin 

developed through the Asbian is the eastern side of Winnats Pass (Figure 4.7). The 

section here can be subdivided into three parts, based on the stratigraphic correlations 

discussed in Section 4.2.3 and the disposition of the stratal geometry zones defined 

above.

T r a c in g  o f  p h o t o m o n t a g e  w ith  s u p e r i m p o s e d  s tT a ta l g e o m e t r y  z o n e s

C T R  1 CTR 2

M2400I

T r a c in g  o f  p h o t o m o n t a g e  a b o v e  
M D L  w ith  s u p e r i m p o s e d s t r a t i g r a p h i c

p a c k a g e s  d e f i n e d  b y  d i s p o s i t i o n  o f  
s t r a t a l  g e o m e t r y  z o n e s  ( s e e  t e x t  fo r  
d e t a i l s )

M a p  o f  W in n a t s  P a s s  s h o w i n g  
l o c a t i o n  o f  p h o t o m o n t a g e .

L in e  o f  p h o t o m o n t a g e

Figure 4.7 Tracing from a photomontage o f  the southern and eastern slopes o f  Winnats Pass 
showing disposition o f  stratal geometries zones.

53



CTR 1 - lower to mid part of the Chee Tor Rock Member

The lowest occurrence of SGZ 2 is situated at the uppermost part of the clinothems of 

SGZ 1 and shows an aggradational geometry, stacking close to vertically for at least 

70m with a basinward component of around 30m. The laterally equivalent clinothems 

of SGZ 1 build upwards and outwards. The units of SGZ 3 are stacked vertically 

(Figure 4.7).

CTR 2 -  upper part of Chee Tor Rock Member

In the upper part of the Chee Tor Rock Member the clinoforms of SGZ 1 built out 

basinward around 100m (Figure 4.7). SGZ 2 is generally not as well developed as in 

CTR1, though it does occur higher within this section (as can be better seen along the 

top of Treak Cliff, see Section 4.6.2) (Wolfenden, 1958). The level or shallow- 

dipping units of SGZ 3 overlie the previous occurrence of SGZ 2 in CTR 1.

MDL -  Millers Dale Limestones Member

The highest parts of Winnats Pass around the prominent crag of Shining Cliff are 

composed of units of the Millers Dale Limestone Member. SGZ 1 and SGZ 2 are 

absent or poorly developed at this level. The level or shallow-dipping, well-bedded 

units (SGZ 3) overlie CTR 2. Limited occurrences of SGZ 1 occur in the area around 

Pindale and Jack Bank and SGZ 2 may occur in Hope Quarry and in a small exposure 

south of Shining Cliff.

The division of the Chee Tor Rock Member into two parts is based upon a change 

from an aggradational to a progradational geometry. This division is only precisely 

identifiable in the area of the piatform break and slope.

This study is restricted in scope to that part of the Asbian margin wherein SGZ 1 and 

SGZ 2 are well developed and constructed a steep-fronted platform margin. The 

deposition of the Chee Tor Rock Member records this development and will be 

analysed herein. The Millers Dale Limestones Member will be considered in a later 

chapter.
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4.4 Lithofacies - descriptions and interpretations
Eighteen separate lithofacies have been recognised and are described below. Some of 

the principal features of these are tabulated in Table 4.1. In addition to the lithofacies, 

four types of feature interpreted as indicating sub-aerial exposure are identified and 

described in Section 4.4.5. The interpretations of sedimentary environment are drawn 

from the inferred energy levels, photic conditions and predominant biota in each 

lithofacies. Many of the interpretations rely on the depth of fair weather and storm 

wave base to infer water depths. The closest equivalent studies are those of Gallagher 

(1996) and Horbury and Adams (1996), which are both analyses of Asbian limestones 

of the British Isles and hence from similar palaeogeographical settings. Both studies 

place fair weather wave base around 1 Om and storm wave base around 20m and this 

study broadly follows these conclusions. These figures are dependent on the exact 

setting, so fair weather wave base will be shallower in sheltered areas and deeper in 

areas open to the adjacent basins.

4.4.1 Bioclastic and peloid/bioclastic grainstones

la Well-sorted and well-rounded bioclastic grainstone.

These are clean, bioclastic grainstones in which the grains are well-rounded and well- 

sorted (Figure 4.8 A & B). Grain sizes range from 0.25 -  2mm but are closely 

grouped in any one example. The principal identifiable bioclastic constituents are 

echinoderm fragments (50%), brachiopod fragments - of both valves and productid 

spines (10%), peloids (5%), Koninckopora (3%) and foraminifera (2%). Other rarer 

bioclasts include bryozoa and corals. Aggregate grains and intraclasts of 

palaeoberesellid packstone (facies 2f), peloidal/bioclastic packstone (facies 2a/2b) and 

mudstone (facies 3/4a) can be a common component in parts. The remainder of the 

fabric is composed of unidentifiable grains and cement. The bulk of the echinoderm 

clasts are presumably derived from crinoids but are heavily abraded to the point that 

this is not clear from their gross morphology. In all the following descriptions 

“crinoid” is used when the grain is clearly derived from a crinoid and “echinoderm” 

where not. Almost all the bioclasts are micritised to some degree, the greatest 

proportion being grains with distinct endolithic envelopes but unaltered centres. Most 

of the grains counted as peloids may, from their size and shape, be completely altered 

bioclasts.
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Grainstones 1a SGZ 3 S C R O C A R S s O O O 0.5-3
1b SGZ 1,2,3 C C S O C A R c s R O O 0.3-2
1c SGZ 3 A S S O S s R S R R O O 0.3-1.5
1d SGZ 1, 2, 3 A S S O C C R c S R 0 O 0.3-1.5
1e SGZ 3 R O O O R A R s O O O O 0.3-1

Packstones 2a SGZ 2, 3 A S S O S S R s O R O O 0.3-1.5
2b SGz 2, 3 A S S R s C C c S S O O 0.3-1.5
2c SGZ 2, 3 A R R O R C s c S S R O 0.5-2
2d SGZ 1, 2, 3 A O R R C A C c S S R R 0.2-0.8
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5b SGZ 1 R o R R s A C c c s o O 1-2
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The brachiopod clasts are also heavily abraded and rounded. Endothryrid 

{Globoendothyra & Omphalotis) and monolayered palaeotextularid foraminifera are a 

common constituent but are also generally abraded and micritised. Molluscan 

fragments are present as abraded fragments preserved as moulds, defined by thin 

micritic films, infilled by clear calcite spar. In one location in Eldon Hill Quarry sub- 

angular intraclasts (2-8cm) of facies la and lb are present within a bed of facies la. 

The intergranular porosity is filled by syntaxial calcite cement on the echinoderm 

fragments, being preferentially nucleated upon the least micritised grains, and drusy 

calcite spar. There is generally little sign of compaction or pressure solution. This 

facies is often associated with low angle lamination and is typically in beds from 0.5 

to 3m thick. This facies occurs in SGZ 3.

Interpretation

This facies is thought to be equivalent to the “spergenites” of Wolfenden (1958). 

Extensive reworking and winnowing is indicated by the well-rounded and well-sorted 

nature of the sediment and is supported by the complete absence of mud or silt sized 

fines. The micritisation of the bioclasts is also taken to indicate deposition within the 

photic zone (Tucker & Wright, 1990. p33). Horbury and Adams (1996) suggested a 

limit of 10m for significant micritisation in similar lithologies of Asbian age on the 

South Cumbrian Platform. Perry (1998) suggested c. 18m for the lower limit of 

extensive cyanobacterial and chlorophytic endolithic boring in a modem environment 

and further recorded that the most extensive micritisation occurs in low-energy 

environments. The bioclasts in these grainstones are often only lightly micritised and 

this may be due to the high energy of the environment. The biota indicates fully 

marine conditions. Koninckopora is considered by many authors to be related to 

dascycladacean algae {e.g. Wood, 1942; Mamet & Rudloff, 1972; Wray, 1977; Flugel, 

1977) which, if so, also indicates an environment well within the photic zone for this 

green alga. Modem dasycladacean algae are most common in water depths less than 

10m (Wray, 1977). Grainstones with similar assemblages of Koninckopora with 

Globoendothyra and Omphalotis were interpreted by Gallagher (1998) as being 

formed in sub-tidal conditions 5m or less deep. The aggregate grains are interpreted 

as having been reworked from an adjacent low-energy subtidal area (Tucker &

Wright, 1990 ). Most of the aPochems are derived from other, deeper or less
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Figure 4.8 Photomicrographs of grainstone facies.
A: F a c i e s  1 a ,  w e l l  s o r t e d  b i o c l a s t i c  g r a i n s t o n e  w i t h  Koninckopora (k ) ,  a b r a d e d  b r a c h i o p o d  v a l v e s ( b ) ,  
e c h i n o d e r m  f r a g m e n t s  ( e ) ,  M o l l u s c a n  f r a g m e n t s  r e p l a c e d  b y  c a l c i t e  s p a r  ( m ) ,  a g g r e g a t e  g r a i n s  ( a ) ,  
e n d o t h y r i d  f o r a m i n i f e r  a n d  s m a l l  m u d s t o n e  c l a s t s  ( m u ) .  T h in  s e c t i o n ,  E l d o n  H ill Q u a r r y ,  s c a l e  b a r  1 m m  
B: D e t a i l  o f  a b o v e ,  s c a l e  b a r  1 m m
C : F a c i e s  1 b ,  m o d e r a t e l y  t o  p o o r l y  s o r t e d  b i o c l a s t i c  g r a i n s t o n e  w i t h  e c h i n o d e r m  f r a g m e n t s  ( e ) ,  
Koninckopora ( k )  a n d  e n d o t h y r i d  f o r a m i n i f e r a  ( E n ) .  S t a i n e d  a c e t a t e  p e e l . W i n n a t s  P a s s ,  s c a l e  b a r  1 m m .
D: F a c i e s  1 c ,  v e r y  w e l l  s o r t e d  f i n e  p e l o i d  g r a i n s t o n e  w i t h  p a l a e o b e r e s e l l i d  f r a g m e n t  ( P b ) .  S t a i n e d  a c e t a t e  
p e e l ,  E l d o n  H ill Q u a r r y ,  s c a l e  b a r  1 m m
E: F a c i e s  1 d ,  m o d e r a t e l y  s o r t e d  p e l o i d / b i o c l a s t  g r a i n s t o n e  c o m p o s e d  c h i e f l y  o f  s m a l l  p e l o i d s  a n d  
e c h i n o d e r m  f r a g m e n t s  ( e ) .  S t a i n e d  a c e t a t e  p e e l ,  E l d o n  H ill Q u a r r y ,  s c a l e  b a r  1 m m  
F: F a c i e s  1 e ,  C r in o id  g r a i n s t o n e / r u d s t o n e  c o m p o s e d  o f  n u m e r o u s  c r i n o i d  f r a g m e n t s  ( e ) ,  m a n y  w i t h  l i t t le  o r  
n o  m i c r i t i s a t io n .  s y n t a x i a l l y  c e m e n t e d  ( s ) .  L a r g e  i n t r a c l a s t  o f  p e l o i d  p a c k s t o n e  ( f a c i e s  2 a )  ( in )  S t a i n e d  
a c e t a t e  p e e l ,  W i n n a t s  P a s s ,  s c a l e  b a r  1 m m



energetic, environments and these were probably imported by the action of storm 

generated waves. The prevalence of syntaxial cements and lack of compaction seems 

to indicate early, shallow-burial cementation. A high-energy, wave-agitated 

environment such as a bioclast:c shoreface or sand-shoal is suggested by the 

occurrence of low-angle lamination. The intraclasts observed in one unit in Eldon 

Hill Quarry are from a cemented horizon and may be reworked clasts of beachrock 

(Tucker & Wright, 1990). A very shallow subtidal to intertidal environment in water 

depths less than 3m is suggested for this facies.

lb  Moderate to poorly sorted bioclastic grainstone

These are bioclastic grainstones in which the grains are rounded but poorly sorted 

(Figure 4.8 C). Grain sizes range from 0.25 -  8mm. The principal identifiable 

bioclastic constituents are echinoderm fragments (40%), brachiopod fragments - of 

both valves and productid spines (20%), and peloids (5 - 30%). Other bioclasts that 

commonly occur include Koninckopora, palaeoberesellids (Kamaena, Kamaenella, 

Palaeoberesella -  probable chlorophytes (Mamet & Roux, 1974) with possible 

dasycladacean affinities (Skorr.pski, 1987)) and foraminifera (Endothyra, 

Globoendothyra, Endothyranopsis, Omphalotis, Earlandia and mono-layered 

palaeotextularids/ Bryozoan and coral fragments occur rarely. The remainder of the 

fabric is composed of unidentifiable grains and cement. Almost all the bioclasts are 

micritised to some degree, ranging from a thin endolithic rind to deep alteration. As 

with facies la, the latter were counted as peloids. Round or ovoid peloids, which 

have more of the character of faecal pellets, are occasionally present but are not 

common. The brachiopod clasts are generally 1 -  4mm in size and well abraded and 

rounded. Molluscan fragments are present as abraded fragments preserved as moulds 

defined by thin micritic film infilled by clear calcite spar. Aggregate grains occur 

sparsely. Fine grained intraclasts are occasionally present, varying in size from 2 -  

3 mm up to 15mm, rounded or slightly irregular and composed of mudstones or 

wackestones with some peloids, echinoderm, palaeoberesellid and indeterminable 

bioclastic debris. Intergranulai porosity is filled with syntaxial cement upon 

echinoderm and palaeoberesellid clasts - preferentially deposited upon the least 

micritised grains -, drusy cements, microspar and some micrite and calcareous silt. 

The latter may be in sufficient quantities as to approach a packstone texture in places. 

There are some signs of compaction, especially associated with the most deeply
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micritised bioclasts. Sedimentary structures are limited to rare parallel lamination and 

bed thicknesses are between 0.3 and 2m. Facies lb occurs chiefly in SGZ 3 but also 

as thin units in both SGZ 2 and SGZ 1.

Interpretation

The biota indicates a fully marine setting whilst the paucity of fines and degree of 

rounding of the grains suggest high energy. Micritisation of the bioclasts shows 

residence in euphotic conditions (Perry, 1998). This facies shows a lower degree of 

sorting than facies la, suggesting an environment that was less extensively reworked 

by wave action. Whilst the foram/algal assemblage indicates an environment of less 

than 5m (Gallagher, 1998) and certainly above fair weather wave base, it would seem 

likely to have been slightly deeper or more protected than facies la. The 

palaeoenvironmental setting of palaeoberesellids has been discussed by Adams et al. 

(1992), Horbury (1992), Adams and Horbury (1996), and Gallagher (1996). 

Palaeoberesellids were major producers of carbonate sediment during the late 

Dinantian and appear to have preferred low to moderate energy environments around 

fair weather wave base. Adams et al (1992) observed that palaeoberesellids 

contribute sediment to adjacent higher energy environments via storm breakage and 

transport, their occurrence in this facies is probably due largely to such processes. 

Syntaxial cements indicate early, shallow-burial cementation but the common 

examples of compaction shown by the most micritised -  and presumably more ductile 

and slowest to be lithified -  grains must have occurred prior to complete lithification. 

This facies is interpreted as having been deposited in either slightly sheltered or 

deeper areas of bioclastic shoals. The poor or moderate sorting and wide variation in 

degrees of micritisation may also indicate sediment mixing by bioturbation (Perry, 

1998). The allochems include those produced locally (Koninckopora and robust 

foraminifera), those derived from deeper subtidal areas (echinoderms, bryozoa, 

brachiopods, corals, Endothyranopsis (Gallagher, 1996)) and those from sheltered 

lagoonal areas (aggregate grains and mudstone intraclasts). The sediment was 

regularly reworked by wave action, but less so than the environment interpreted for 

facies la. Water depths between 3 and 10m are suggested.
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lc Well-sorted peloid/bioclastic grainstone

These are well-sorted and rounded peloid/bioclastic grainstones (Figure 4.8 D). Grain 

sizes range from 0.25 -  1mm with some larger bioclasts. This facies is distinguished 

by the high proportion of completely micritic grains (>30%) and by the fact that all 

bioclasts are micritised to some extent. Identifiable bioclasts include fragments of 

echinoderms, brachiopod valves and spines, Koninckopora, endothyrid foraminifera 

{Globoendothyra, & Omphalotis), Earlandia, Tetrataxis, mono-layered 

paleotextularid foraminifera, palaeoberesellids and bryozoa, along with more sparse 

ostracods, calcispheres, and molluscan fragments replaced by limpid calcite spar 

within a well-preserved micritic rind. The intergranular porosity is infilled by 

microspar, drusy calcite spar, syntaxial cement upon clean echinoderm fragments and 

some micrite and calcareous silt. Bed thickness is typically between 0.3 and 1.5m. 

This facies occurs within SGZ 3.

Interpretation

The varied biota indicates normal marine conditions. The extensive micritisation of 

bioclasts and high incidence of bioclast-derived peloids show this facies to have been 

deposited in a shallow, photic low-energy environment (Perry, 1998) whilst the 

grainstone texture, along with the degree of sorting, indicate regular winnowing and 

reworking, presumably by wave action in depths less than 10m (cf. Horbury & 

Adams, 1996, p227). The algal/foram assemblage also indicates a shallow 

environment above fair weather wave base in around or less than 10m (Gallagher, 

1996). An environment in water depths of between 10 and 3 m in a low-energy, open 

marine lagoon or lower zones on a shore/shoal face is interpreted for this facies.

Id Moderately to poorly sorted peloid/bioclastic grainstone

These are poorly to moderately sorted peloid/bioclastic grainstones (Figure 4.8 E). 

Grain sizes range from <0.25 -  4mm, with some larger bioclasts including crinoid 

columnals, fragments of brachiopod valve, corals (Syringopora, Siphonodendron and 

solitary rugosa) and the lithistid sponge Haplistion. As with facies lc, all the 

bioclasts are micritised and there is a large component (>30%) of completely micritic 

grains. Amongst the sand-sized fraction the commonest identifiable bioclasts are 

echinoderms, brachiopod valves and spines, endothyrid foraminifera 

(<Globoendothyra, Endothyra, Omphalotis), Earlandia, mono-layered palaeotextularid
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foraminifera, bryozoa, palaeoberesellids and fragments of Koninckopora (often 

highly micritised), ostracods and molluscan fragments replaced by limpid calcite spar 

within a well-preserved micritic rind also occur. Intergranular porosity is infilled by 

drusy calcite spar, microspar and calcareous silt and micrite. The texture may 

approach that of a packstone where the volume of intergranular fines is high. 

Syntaxial cements are present only on the cleanest echinoderm clasts. In several 

locations the lower contact of this facies is markedly erosional and associated with 

rounded intraclasts (l-7cm) of the underlying packstone. Bed thicknesses are 

typically between 0.3 and 1.5m. Facies Id occurs mainly in SGZ 3 but also in SGZ 1 

and SGZ 2.

Interpretation

The varied and wide biota indicates normal marine conditions. The extensive 

micritisation and high incidence of bioclast-derived peloids show this facies to have 

been deposited in a shallow euphotic environment (Perry, 1998). The 

grainstone/packstone texture, along with the degree of sorting, indicates a limited 

amount of winnowing and reworking, presumably by wave action. Koninckopora is 

common and its presence along with Globoendothyra, Earlandia and mono-layered 

palaeotextularid foraminifera indicate an environment around fair weather wave base 

in about 10m of water (Gallagher, 1998). The fragments of Koninckopora are 

relatively large but have been subjected to considerable micritisation and this again 

suggests a euphotic, low-energy subtidal setting in depths of 5 to 10m. Such an 

environment may have been slightly deeper than that envisaged for facies lc or may 

have been partially sheltered by some adjacent barrier. The erosional bases and 

intraclasts occasionally seen may represent deposition by intershoal tidal channels 

(Shinn et al., 1969).

le Crinoid grainstone to rudstone.

These are crinoidal rudstones that are very coarse and very poorly sorted (Figure 4.8 

F). Grain sizes range from 0.25 -  8mm with the majority being at the coarser end of 

the range. The crinoid fragments (>60%) are variably micritised, with the majority 

showing little alteration, though sub-rounded peloids derived from alteration of 

bioclasts are more common in some examples. Rounded or slightly irregular 

intraclasts of mudstone are another common constituent, forming up to 5% of the
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fabric. Brachiopod valves and productid spines are present (<5%), in the form of 

lightly abraded fragments. Endothyrid foraminifera are present but rare. The matrix 

is composed of syntaxial calcite cement nucleated upon the least micritised 

echinoderm clasts. There is very little intergranular micrite or calcareous silt and little 

sign of compaction. Beds may be 0.3 to lm thick. This facies occurs in SGZ 3 close 

to the platform break in CTR 2.

Interpretation

The coarse, poorly sorted texture would seem to indicate deposition in an environment 

with little regular reworking. The lack of intergranular fines would seem however to 

contradict this interpretation. An explanation may be very high rate of deposition 

with crinoidal fragments remaining at the sediment surface long enough to be 

disaggregated and lightly micritised but not long enough to be extensively reworked. 

Water currents were strong enough to prevent the settling of fine suspended material 

and such a coarse, mobile substrate may have been unsuitable for colonisation by 

other benthos -  perhaps explaining the paucity of brachiopod or bryozoan debris. The 

more extensively micritised bioclasts in some examples may represent a slightly 

shallower setting, slower rates of deposition or they may have been imported from an 

adjacent facies zone. The lack of an algal/foram biota means it is difficult to draw 

clear conclusions about water depth. It is suggested this facies represents deposition 

as the result of rapid growth of crinoids in “thickets” in dysphotic conditions, subject 

to current action but not extensively wave-worked. As with facies lb, the fine

grained intraclasts appear to be allochthonous, perhaps providing evidence for the 

action of periodic storms (Tucker & Wright, 1990, pi 2). Similar crinoidal rudstones 

have been recorded as forming “flank beds” adjacent to mud mounds (e.g. Gutteridge, 

1995, p300)

4.4.2 Packstones

2a Fine and well-sorted peloid/bioclastic packstone

These are fine-grained peloid/bioclastic packstones (Figure 4.9 A) that represent a 

mud-rich end member of a gradational series with facies lc, and are well-sorted or 

very well sorted and predominantly composed (>50%) of fine peloids that are <0.25 -  

0.5mm in size. The peloids are well-rounded and completely micritic. Recognisable 

biota is sparse and composed of small, rounded and micritised echinoderm fragments,
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brachiopod valves and spines, along with Earlandia, endothyrid (Omphalotis & 

Endothyranopsis) foraminifera, palaeoberesellids and bryozoan fragments. Ostracods 

also occur and small fragments of Koninckopora have been observed but are 

extensively micritised. Larger bioclasts are rare. There is also a large proportion of 

unrecognisable silt to fine sand sized debris. The matrix consists of micrite, 

calcareous silt and microspar. Some parts may approach grainstone in texture with 

the intergranular porosity filled by fine drusy calcite spar. The combination of 

peloidal grains and a calcareous mud and silt matrix make it difficult to determine 

much of the original texture and in hand specimen this often gives the impression of a 

mudstone which is only indistinctly grainy. Despite this reservation there is little 

evidence of extensive compaction and close examination suggests peloidal grains in a 

mud matrix rather than a compacted peloidal grainstone. Some colour mottling 

between pale and mid grey is often evident, especially on ground and polished 

surfaces. Bed thicknesses are typically between 0.3 and 1.5m. This facies occurs 

mainly in SGZ 3 but also within SGZ 2.

Interpretation

The quantity of calcareous material of silt size or lower suggests this to have been 

deposited in a low energy environment. The degree of micritisation of the bioclasts 

and the absence of any unaltered bioclasts suggests deposition in euphotic conditions 

(Perry, 1998). The presence of an assemblage with Earlandia, Omphalotis, 

Endothyranopsis and palaeoberesellids along with a relative paucity of Koninckopora 

suggest an environment deeper than around 10m (Gallagher, 1998). Many of the 

peloids may be faecal in origin.

The biota is not particularly diverse, this may however be a taphonomic effect rather 

than indicating a stressed, low-diversity community (Perry, 1998). Such bioclasts as 

are identifiable suggest more an open marine or only partially restricted environment 

albeit one in which bioclasts suffered prolonged degradation by endolithic infestation. 

Suggested water depth for this facies is 5-20m.
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2b Peloid/bioclastic packstone with large bioclasts up to entire 

macrofossils.

These are peloid/bioclastic packstones with common or numerous large or entire 

bioclasts (Figure 4.9 B). These packstones have a bulk texture similar to that 

described for facies 4a. They are generally at the coarser and less well-sorted range, 

having grain sizes ranging from 0.25 -  2mm. In addition to this, large crinoid 

columnals and brachiopod valves up to entire and articulated are common as are 

fragments of both ramose and fenestrate bryozoa. The articulated brachiopod valves 

sometimes exhibit fine-grained, layered, geopetal fills. The majority of the grains 

(>50%) are peloidal, rounded and fine-sand sized. Other common bioclasts are 

smaller fragments of echinoderms and brachiopods, endothyrid foraminifera 

(Endothyranopsis & Endothyra), Earlandia and palaeoberesellids. Less common are 

calcispheres, ostracods, molluscs, stacheiinids (possible red algae (Petryk & Mamet, 

1972)) and Koninckopora. All bioclasts are micritised to some degree, often 

extensively. The matrix consists of micrite, calcareous silt and microspar. Drusy spar 

occasionally occurs, most often infilling shelter and intragranular porosity. Bed 

thicknesses are typically between 0.3 and lm. This facies occurs in SGZ 2 and SGZ 

3.

Interpretation

The abundant mud and silt composing the matrix show that this sediment accumulated 

within a low-energy setting. The extensive micritisation of the bioclasts indicates a 

euphotic depositional environment (Perry, 1998). The presence of Endothyranopsis, 

Earlandia and palaeoberesellids along with the scarcity of Koninckopora indicates a 

setting close to the fair weather wave base (Gallagher, 1996). The common 

unabraded bryozoa and the presence of numerous large crinoid ossicles may indicate 

an environment in or close to crinoid/bryozoan “thickets”. Whilst smaller fragments 

of crinoid are almost ubiquitous, the larger, less abraded, columnals are more local 

and seemed to have travelled shorter distances. Similar considerations apply to the 

common entire brachiopod valves. These are mainly thin-shelled forms and many 

seem to have been preserved in-situ. These observations indicate an environment in 

which muddy fine sand accumulated but which also supported some indigenous biota. 

Interpreted water depths for this facies are between 10 and 20m.
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2c Peloid/bioclastic packstone with large bioclasts up to entire 

macrofossils and minor RFC cements.

These are fine, well-sorted packstones in which the majority of grains are peloidal 

(>50%). The peloids are <0.25 -  0.5mm in size and rounded. Entire brachiopod 

valves and large crinoid columnals are present in hand specimen. The sand-sized 

bioclastic component is sparse and slightly less well sorted, ranging up to 2mm, 

though grains at the larger end of the range are not common. All bioclasts are 

micritised to some degree. The identifiable biota is composed of molluscs, both 

bivalves and gastropods, echinoderms, brachiopods, ostracods and bryozoa (up to 

large thalli). Also present, though sparse, is Saccaminopsis. Small (2-4mm) voids 

occur that are irregular to digitate or occasionally laminoid with borders defined by 

the peloids or bioclasts. They are either simply infilled by limpid, drusy spar or have 

a lining of cloudy, isopachous radiaxial fibrous calcite (RFC) cements predating the 

drusy spar. The RFC cements are similar in morphology to those described in detail 

below for facies 3/4d. The matrix is composed of micrite, calcareous silt and 

microspar. There is also drusy spar replacing the formerly aragonitic molluscan 

fragments and occluding intragranular porosity. Bedding is generally poorly 

developed but beds may be between 0.5 and 2m. Facies 2c occurs in SGZ 2 and the 

immediately adjacent areas of SGZ 3.

Interpretation

The packstone texture indicates a low energy environment whilst the degree of 

micritisation suggests residence at or near the sediment surface in a euphotic 

environment. The preserved biota appears to be fully marine but little of the sand 

grade bioclastic material can be reliably identified. The presence of bryozoa suggests 

water depth greater than 10m (Horbury & Adams, 1996; Gallagher, 1996) and this 

may be supported by the absence of Koninckopora. However the lack of identifiable 

foraminifera make interpretation difficult. Horbury and Adams (1996) document 

Saccaminopsis in the Asbian Urswick Limestone Formation of the South Cumbrian 

Platform as being characteristic of the lowermost part of cycles and found in water 

depths between 10 and 20m.

The origin of the small voids is difficult to interpret. Fenestrae are often present in 

tidal flat deposits (Tucker & Wright, 1990) but in such settings they are often
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associated with algal lamination and shrinkage cracks (Shinn, 1983). The only two 

examples of algal lamination observed (see facies 3/4a) were not associated with the 

fenestrae described here and shrinkage cracks were not seen. Shinn (1983) documents 

the occurrence of fenestrae in subtidal peloidal grainstones from the Bahamas and 

concluded they were irregular packing voids preserved where submarine cementation 

reduced subsequent compaction. The frequent occurrence of aggregate grains and 

mudstone/wackestone/packstone intraclasts in the grainstone facies (la, lb) supports, 

at least partial, early submarine lithification in these moderate to low energy 

environments. This facies grades laterally into facies 3/4c and 3/4d (described in 

Section 4.4.3 below and interpreted as subtidal) which have much more extensive 

primary voids infilled by RFC cements and it seems likely the small voids in facies 2c 

also formed in a subtidal environment. The environmental setting for this facies is 

suggested to be in water depths between 10m and 20m deep in moderate to low 

energy conditions but with a relatively unproductive biota.

2d Coarse crinoid/brachiopod packstone

These are very poorly sorted packstones with grain sizes ranging from calcareous mud 

and silt up to large fragments of crinoid stem and entire brachiopods (Figure 4.9 D). 

The biota is diverse and consists of abundant crinoid, brachiopod and bryozoan 

fragments. Bivalves, ostracods, gastropods, colonial corals (Siphonodendron, 

Lithostrotiori) solitary rugosa and foraminifera {Endothyra, Globoendothrya, 

Omphalotis, Earlandia, andArchaediscus) are also present. Other grains include 

peloids, sand grade unidentifiable bioclasts and rare palaeoberesellids. Many of the 

bioclasts have suffered little disarticulation or abrasion. The degree of micritisation is 

generally low but varies from little or none up to entirely micritised bioclasts. The 

matrix is composed of micrite, bioclastic silt and microspar. Beds vary in thickness 

from 0.2 to 0.8m. Facies 2d is found mainly in SGZ 1 and SGZ 2 but one occurrence 

was observed in SGZ 3. In SGZ 1 it may be found at any elevation along the 

clinothems but occurs most often in CTR2.

Interpretation

The low levels of abrasion and disarticulation, along with the fine-grained matrix 

indicate low energy levels with little regular wave reworking or winnowing. The low
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numbers of extensively micritised bioclasts, along with the paucity of Koninckopora 

suggests a depositional environment in low light levels perhaps in water depths of 

20m or more and this is supported by the presence of abundant bioclasts derived from 

bryozoa/crinoid thickets (Adams & Horbury, 1996; Gallagher, 1996). A low energy 

environment in dysphotic conditions in water depths of 20m or more is interpreted for 

this facies.

2e Palaeoberesellid/foram/crinoid packstone

These are bioclastic packstones that are black to dark grey in hand specimen. 

Generally fine-grained (Figure 4.9 E) but some echinoderm grains may be up to 

granule sized (<0.25 to 2mm). Foraminifera (Globoendothyra, Omphalotis, 

Endothyra, Archaediscus, Earlandia Gigasbia, Neobrunsiina, Mstiniella, 

Bogushella?, Tuberitina, Eostaffella, mono-layered palaeotextularids, Saccaminopsis) 

echinoderm fragments and palaeoberesellids are common. Fragments of bryozoans 

and stacheiinids occur sparsely. Sponge spicules also occur but are not a common 

allochem. The grains are not extensively micritised. The bioclasts are set in a dark 

matrix of micrite, bioclastic silt and some microspar. This facies may, in places, 

approach wackestone in texture. Colonial corals (Siphonodendron, Syringopora) and 

entire brachiopods occur, generally concentrated in bands. Thick (0.2 -1mm) 

constructive coats of dark micrite, associated with sparse sedentary tubular 

foraminifera with circular cross sections, are present on the corals. These coatings 

have a rather diffuse outer margin compared with typical examples of Osagia. Bed 

thicknesses vary between 0.2 and lm. Thin, bituminous black shales are common on 

bedding planes. Facies 2e occurs in SGZ 3.

Interpretation

The high volumes of intergranular fines indicate a low energy environment. The poor 

development of endolithic micritisation of the bioclasts suggests a dysphotic 

environment (Perry, 1998) and this is supported by the absence of Koninckopora and 

the presence of stacheiinids (Madi et al, 1996). The presence of palaeoberesellids, 

sponge spicules and the abundance and generic diversity of foraminifera supports a 

setting between fair weather and storm wave base (Horbury & Adams, 1996; 

Gallagaher, 1998). The thick constructive micritic coatings are considered to be the
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Figure 4.9 Photomicrographs of packstones
A: F a c i e s  2 a ,  f i n e - g r a i n e d ,  w e l l - s o r t e d  p e l o i d / b i o c l a s t i c  p a c k s t o n e  w i t h  n u m e r o u s  f i n e  p e l o i d s , e n d o t h y r i d s  
( e n )  p a l a e o t e x t u l a r i d s  ( p a ) ,  Earlandia ( e a )  a n d  r a m o s e  b r y o z o a n  ( r b ) .  S t a i n e d  a c e t a t e  p e e l ,  E l d o n  H ill 
Q u a r r y ,  s c a l e  b a r  1 m m .
B: F a c i e s  2 b ,  m o d e r a t e l y  t o  p o o r l y  s o r t e d  p e l o i d / b i o c l a s t i c  p a c k s t o n e ,  w i t h  n u m e r o u s  f i n e  p e l o i d s  a n d  t h in  
s h e l l e d  b r a c h i o p o d s  ( b ) .  S t a i n e d  a c e t a t e  p e e l ,  W i n n a t s  P a s s ,  s c a l e  b a r  1 m m
C : F a c i e s  2 c ,  p e l o i d / b i o c l a s t i c  p a c k s t o n e  w i th  n u m e r o u s  f i n e  p e l o i d s  a n d  f e n e s t r a t e  b r y o z o a n  ( f b ) .  N o t e  
s m a l l  f e n e s t r e  ( f ) .  S t a i n e d  a c e t a t e  p e e l ,  W i n n a t s  P a s s ,  s c a l e  b a r  1 m m
D: F a c i e s  2 d ,  C o a r s e  c r i n o i d  p a c k s t o n e ,  c r i n o i d  c o l u m n a l s  a n d  f r a g m e n t s  in  m u d - r i c h  m a t r ix .  R a m o s e  
b r y o z o a n  a t  l e f t  ( r b ) .  S t a i n e d  a c t e t a t e  p e e l ,  W i n n a t s  P a s s ,  s c a l e  b a r  1 m m
E: F a c i e s  2 e , c r i n o i d / p a l a e o b e r e s e l l i d / f o r a m  p a c k s t o n e  w i t h  e n d o t h y r i d s  ( e n ) ,  Earlandia ( e a ) ,  Gigasbia ( g )  
a n d  b r a c h i o p o d  v a l v e s  ( b ) .  M u c h  o f  t h e  f i n e  s k e l e t a l  d e b r i s  i s  c o m p o s e d  o f  p a l a e o b e r e s e l l i d  d e b r i s .  T h in  
s e c t i o n ,  E l d o n  H ill Q u a r r y ,  s c a l e  b a r  1 m m
F: F a c i e s  2 f ,  P a l a e o b e r e s e l l i d  p a c k s t o n e  c o m p o s e d  a l m o s t  e n t i r e l y  o f  p a l a e o b e r e s e l l i d  f r a g m e n t s  a n d  
s p a r s e  f o r a m i n i f e r a  -  Earlandia ( e a ) ,  e n d o t h y r i d  ( e n ) .  L a r g e  b r a n c h e d  p a l a e o b e r e s e l l i d  ( Palaeoberesella/ 
Exvotarisella? )  in  c e n t r e  i s  u n u s u a l l y  w e l l  p r e s e r v e d .  T h in  s e c t i o n ,  E ld o n  H ill Q u a r r y ,  s c a l e  b a r  0 . 5 m m



calcified remains of microbial biofilms (Riding, 2000). Henbest (1963) pointed out 

that sedentary tubular foraminifera may be present in wide variety of depths but that 

circular rather than flattened cross-sections may indicate lower energy conditions.

For thick coatings to develop the substrate must remain unburied for a relatively long 

time (Perry, 1999) and this would suggest the corals grew in a low energy 

environment with slow background deposition. These packstones are interpreted as 

having been deposited in a subtidal environment below fair weather wave base, in 

around 10 to 20m of water.

2f Palaeoberesellid packstone

These are bioclastic packstones (Figure 4.9 F) that are very dark to dark grey in hand 

specimen. These are well to moderately sorted. Generally fine grained but some 

echinoderm grains may be up to granule sized (<0.25 -  2mm). The majority of the 

bioclasts are fragments of palaeoberesellids {Kamaena, Kamaenella, Palaeoberesella 

Exvotarisella?). Echinoderm fragments, foraminifera {Endothyra, Omphalotis, 

Globoendothyra, Earlandia, Gigasbia, Eostafella, Pseudoammodiscus, Bradyina, 

Mstiniella, Dainella?, Deckerella, Archaediscus) are common (though less abundant 

than in facies 2e). Koninckopora and fragments of bryozoa and brachiopod valve 

occur sparsely. Entire brachiopod valves and corals have been observed but are not 

common. The bioclasts are variably micritised and set in a dark matrix of micrite, 

bioclastic silt and some microspar. Bed thickness is typically between 0.3 and 1.5m 

and thin, bituminous shales may be present on bedding planes. Facies 2f occurs in 

SGZ3

Interpretation

The high volumes of intergranular fines indicate a low energy environment. The 

presence of abundant palaeoberesellids, along with some fragments of Koninckopora, 

suggests a setting in the euphotic zone and this is supported by micritisation of the 

bioclasts. Palaeoberesellid packstones were described by Adams et a l (1982) who 

suggested these facies formed in sheltered lagoonal environments. Foraminiferal 

diversity is as great as with facies 2e, though abundance is slightly lower and this 

supports an interpretation of low to moderate energy levels around fair weather base 

(Horbury & Adams, 1996; Gallagaher, 1996). The majority of the palaeoberesellids 

are in the form of short fragments and no examples corresponding to the bafflestone
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or boundstone textures reported by Horbury (1992) in a build-up from southern 

Cumbria have been found. The textures observed suggest widespread, dense 

“thickets” of palaeoberesellids, disaggregated after death by some degree of 

reworking and bioturbation. This facies is interpreted as having been deposited in a 

euphotic subtidal zone below or at the threshold for regular fair weather wave 

agitation.

4.4.3 Mudstones and wackestones

In the descriptions below limestones with both wackestone and mudstone textures 

have been described under the same headings. This is because they represent end 

members of a continuous series and to separate them on small variations in bioclastic 

content will not be useful. To distinguish between the textures, wackestones have a 

facies code commencing with three (e.g. 3d) whilst mudstones have a facies number 

prefaced by four (e.g. 4d).

3/4a Molluscan mudstone/wackestone

These are pale to dark grey mudstones and wackestones with a matrix of calcareous 

mud and silt. The matrix is noticeably more homogenous and dense than the slightly 

pelletal textures of many of the mudstones described below, though pelleted textures 

do occur in places. The commonest bioclasts found in this facies are moulds of 

gastropods and bivalves filled with limpid calcite spar and ranging in size from 0.75 -  

4mm. Also present, though sparse, are well rounded and often thoroughly micritised 

fragments of brachiopod valves and spines, echinoderms and fenestrate bryozoans. 

Ostracods are also sparse, whilst foraminifera seem absent. Small (1 -2mm) irregular 

fenestrae occur, both in the matrix generally and associated with microbial lamination 

(Figure 4.10 C, D & F). These laminations are not common, only two examples were 

observed, and consist of thin (l-2cm) layers laminated on a millimetre scale.

Bioclasts, ranging from fine debris up to crinoid columnals, are often incorporated 

into the laminations. Facies 3/4a occurs in SGZ 3 and SGZ 2. Bed thicknesses are 

typically between 5 and 30cm.

Interpretation

The biota would seem to indicate a low-diversity community dominated by molluscs 

and gastropods in particular. Low energy is indicated by the mud-rich texture. A
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restricted shallow environment largely isolated from open marine conditions seems to 

be indicated. Some input of bioclastic sand resulted in the sparse grains of 

echinoderms, brachiopods and bryozoans and this may have resulted from storm 

flooding or may have even been wind-blown. The microbial lamination suggests the 

development of microbial mats and points to an intertidal marsh environment (Wright 

& Burchette, 1996).

Automicritic facies - a note on problems of nomenclature

The facies that make up the buik of SGZ 1 and SGZ 2 are carbonate mud-rich 

lithologies that sometimes contain abundant macrofossils and may have over 50% 

volume of RFC cements. These represent a problem in nomenclature; varieties rich in 

macrofossils may be better termed floatstones whilst those extremely rich in cements 

might be better termed cementstones. These facies also bear similarities with 

microbial boundstones as described from, for example, the Pennsylvanian of northern 

Spain (e.g. Della Porta et al., 2002, 2003; Kenter et al., 2002) and the Triassic of the 

Italian Dolomites (Keim & Schlager, 1999; Russo et al., 1997; Blendinger, 1994; 

Harris, 1993). However, the microbially precipitated component - as defined by the 

presence of micro-peloidal micrite, stromatolitic or thrombolitic macrotextures (sensii 

Riding, 1999, 2000) or by the presence of Girvanella or other microbial microfossils - 

is not always the greatest volumetrically and the term “microbial boundstone” will be 

reserved here for those varieties where the microbial component predominates. In 

general the mud-rich, matrix-supported lithologies have been described simply as 

mudstones or wackestones on the basis of the percentage of allochems present and 

further subdivided on the nature of the allochems, texture and volume of RFC 

cements present.

All the mudstone/wackestone facies described below have a significant component of 

clotted micro-peloidal micrite. The texture of the micrite is similar to “structure 

grumuleuse” (Cayeux, 1935) and consists of small (30 -100 pm) concentrations of 

micrite with irregular, poorly-defined margins which occur singly or as aggregates, 

usually with a matrix of microspar (Figures 4.10 E; 4.11 D & E; 4.12 B). It has been 

suggested by several authors that this texture may be the result of microbially 

mediated calcite precipitation (e.g. Chafetz & Folk, 1984; Chafetz, 1984; Sun & 

Wright, 1989; Guo & Riding, 1994; Pickard, 1996). Study of modem microbial mats
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has shown both algae and bacteria may mediate the precipitation of calcium 

carbonate, often resulting in textures similar to those found in ancient examples 

(Monty, 1976; Chafetz & Buczynski, 1992). The extra-cellular polymeric substances 

(EPS) which form sheaths and coatings on diatoms, bacteria and cyanobacteria 

promote the precipitation of calcium carbonate by providing sites with suitable 

alkalinity gradients (Riding, 2000). Similar peloidal textures may also result from the 

decay of siliceous sponge tissue (Reitner & Neuweiler, 1995; Warnke, 1995). Those 

micrites that are considered to have formed in-situ, usually with organic mediation, 

are termed automicrites following the definition of Reitner et al., (1995).

3/4b Mudstone/wackestone

These are mudstones and wackestones with fine peloids and bioclasts in a matrix of 

micrite, calcareous silt and microspar. These are generally pale to mid grey in colour 

and can sometimes have a mottled appearance. In addition to the generally fine 

grained nature of this facies, large or entire bioclasts are common occurrence, mainly 

as brachiopod valves and large fragments of crinoid. In the wackestones the most 

common grains are small rounded peloids which are <0.25 -  0.5mm in size. Sand 

sized fragments of echinoderm, brachiopod valves and productid spines are common. 

Fragments of productid valve are often abraded with rounded edges whilst small and 

thin shelled valves are well preserved and unabraded. Ramose and fenestrate bryozoa 

are common, from small fragments up to large thalli. Koninckopora occurs sparsely 

but is often well preserved. The replaced moulds of molluscs occur only sparsely. 

Foraminifera are rare and chiefly represented by Globoendothyra. Palaeoberesellids 

and ostracods are present, but are very sparse or rare. The degree of micritisation of 

the bioclasts is variable. The matrix is composed of micrite, calcareous silt and 

microspar. The micrite varies in texture from almost homogenous to very finely 

clotted. In the latter texture, micro-peloids 3 0 -7 0  pm across are preserved within 

microspar. This texture varies across any one specimen from dense areas to isolated 

micro-peloids floating in microspar. The texture of the mudstones also often exhibits 

a clotted texture on a larger scale. In these cases the clots are up to 2 or 3mm and 

very poorly defined. A feature occasionally encountered is the presence of finely 

acicular fringes (< 0.2mm length) upon some of the bioclasts. These are found chiefly 

upon the valves of brachiopods, usually lining the interior in what was shelter porosity 

but also upon the exterior of bioclasts. Drusy calcite cements occur, infilling shelter
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and intragranular porosity and often deposited upon the acicular fringes described 

above. Facies 3/4b occurs in SGZ 2 and SGZ 1 and is generally massive or very 

poorly bedded in units from 0.5 to 2m.

Interpretation

These mud-dominated facies were deposited in a low energy setting. Endolithic 

micritisation is variable but there appears to be a bimodal division between 

completely altered and unaltered bioclasts. The least micritised bioclasts are chiefly 

crinoid columnals, bryozoa, and productid valves and spines. These are likely to have 

lived chiefly in water depths in excess of 10m (Horbury & Adams, 1996; Gallagher, 

1998) and it seems likely they were transported into this environment. Their 

preservation in an unmicritised state may have been the result of sediment mixing by 

burrowing organisms (Perry, 1998). The presence in one facies of apparently in-situ 

well preserved thin-shelled brachiopods and abraded fragments of more robust forms 

supports this interpretation. The presence, albeit scarce, of apparently unabraded 

thalli of Koninckopora suggests water depths less than 10m. However, Koninckopora 

is commonest in high energy grainstone facies and appears to have been quite robust 

so may also have been transported in from a shallower environment. The presence of 

automicritic textures suggests microbially mediated precipitation of some of the 

micritic carbonate.

3/4c Mudstones and wackestones with minor RFC cements.

These are mudstones and wackestones with fine peloids and bioclasts and small voids 

lined by isopachous RFC cements (Figure 4.11 B, D & E). The cement-lined voids 

constitute less than ten percent of the volume. They vary in morphology; the 

commonest are irregular or digitate forms from 2 to 8mm across. More flattened 

forms also occur and may be over 1cm in length. Fine, acicular cements and RFC 

cements are present, when both are present in one sample the latter post-dates the 

former. The RFC cements are coarse and inclusion-rich, individual crystals vary in 

size from 0.2 to over 1mm in length. They exhibit sweeping extinction and where 

twin planes can be distinguished these are convex towards the base of the crystal 

(Kendal, 1985). Sand-sized allochems include both peloids and bioclasts. Common 

bioclasts include fragments of echinoderm, brachiopod valves and spines and both 

ramose and fenestrate bryozoa. Foraminifera are sparse but diverse (Endothyra,
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Omphalotis, Eostaffella, Archaediscus, Diplosphaerinna, Tuberitina, Earlandia, 

Irregularina? and mono-layered palaeotextularids) and are commonly well preserved. 

Gastropods, bivalves and ostracods are sparse and Koninckopora is rare. The 

heterocoral, Hexaphylum, also occurs, but is rare. Girvanella is often observed as 

small clots and fragments of intertwined tubules. Entire brachiopod valves and large 

fragments of crinoid columnal are common. Calcite spar filled moulds of sponge 

spicules are occasionally seen. Micritisation of the bioclasts is variable, some 

bioclasts have distinct endolithic microborings and envelopes but many are almost 

unaltered. Common features are thin, dense layers of micrite upon apparently 

uncorroded bioclasts (Figure 4.11 E). These are taken to represent the calcified 

remains of microbial biofilms (Riding, 2000, Perry, 1999) and are equivalent to the 

“cryptalgal” coatings described from Waulsortian facies by Lees and Miller (1995). 

Occasionally, most often upon fenestrate bryozoa, these may be up to 1mm thick and 

associated with sedentary tubular foraminifera or Tuberitina. Geopetal fills of 

bioclasts are common and may also be found, though less commonly, in the RFC 

lined cavities. The matrix is composed of micrite, calcareous silt and microspar. The 

micrite varies in texture from almost homogenous to very finely clotted. In the latter 

texture, micro-peloids 30 -  70 microns across are preserved within microspar. This 

texture varies across any one specimen from dense areas to isolated micro-peloids 

floating in microspar. Drusy calcite spar occludes the RFC lined voids and any 

intragranular porosity, it may also appear as small, irregular patches within otherwise 

micritic matrix. The limestone is often mottled, varying from pale grey - especially in 

bioclast-rich wackestones - to dark grey. Facies 3/4c occurs in SGZ 1 and SGZ 2 and 

is either massive or very poorly bedded in units of l-2m.

Interpretation

A low-energy environment is indicated by the mud-rich texture of these facies. The 

absence o f Koninckopora, rarity of palaeoberesellids and low degree of micritisation 

of many of the bioclasts suggests a setting below fair weather wave base and with low 

light levels in water depths in excess of 20m (Perry, 1998). The presence of 

automicritic textures suggests precipitation of much of the micritic carbonate was 

microbially mediated or due to the decay of sponge tissues. Interpretation of energy 

levels based on the presence of the presence of micrite in this form is problematic. If 

the micrite represents the remains of microbial mats these can be wave resistant to
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some degree (Della Porta, 2002). Girvanella is found in these facies as free-floating 

clots (equivalent to the “pellets” of Wolfenden, 1958) and has only rarely been 

observed as an encrustation. Girvanella is a calcified cyanobacterium and occurs in 

modern freshwater (Merz, 1992) or brackish (Rasmussen, et a l , 1993) environments. 

It is often interpreted as indicating shallow, restricted or hypersaline lagoonal 

environments (e.g. Flugel, 1979). It is however also a common component in ancient 

reef deposits from a wide range of depths (Pratt, 1995). Girvanella is essentially a 

trace fossil and may have formed on a wide range of species with similar 

morphologies but which may have inhabited a range of different environmental 

conditions. Its occurrence in this facies as small clots rather than as oncolitic 

encrustations may perhaps suggest that cyanobacteria were commonly present on the 

sediment surface but were only patchily calcified and preserved. Girvanella was 

almost certainly photosynthetic but may have been able to grow, by analogy with 

modern cyanobacteria, in low light levels.

The constructive micritic envelopes observed are interpreted as the product of 

calcification of microbial biofilms (Riding, 2000). Their occurrence as linings of 

voids, predating the precipitation of RFC cements, suggests microbial colonisation of 

cryptic habitats.

The best preserved bioclasts are brachiopods, bryozoa, crinoids, some molluscs and 

foraminifera and it would seem likely that these lived within or close to this 

environment. Their unabraded condition suggests an environment with little wave 

agitation. The fine, acicular and RFC cements are early marine precipitates 

(Bingham, 1991) from marine waters percolating through an interconnected system of 

pores. This facies is interpreted as having formed in dysphotic conditions in 20m or 

more as an accumulation of automicrite, allochthonous calcareous mud and silt and 

in-situ bioclastic fragments.

3/4d RFC rich microbial boundstone -  floatstone

These are bioclastic floatstones rich in macrofossils and high content (>10%) of RFC 

(Figures 4.11 A; 4.12 A to F). They are subdivided into those that have more than 

10% content of sand-grade bioclastic and peloidal debris (3d), and those with less 

than 10% (4d). In the field and in hand specimen these facies are also distinguished
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by the abundance of large or entire brachiopods, crinoid columnals, bryozoa and other 

fossils. This biota has been extensively documented previously, (refer to Wolfenden, 

1958; Parkinson, 1943, 1945, 1953; Stevenson & Gaunt, 1971 for comprehensive lists 

of the genera present). Most abundant are productid and spiriferid brachiopods, 

bryozoa, bivalves, gastropods and crinoid ossicles. Goniatites, nautiloids, trilobites, 

Hexaphylum and solitary rugosa occur sparsely. In thin section the most common 

bioclasts are fragments of bryozoa, mostly fenestrates -  as hash and as larger 

fragments of thalli. Ramose bryozoa and the encrusting bryozoan Fistiriipora are also 

common. Most of the brachiopod valves are of thin-shelled forms and have suffered 

only negligible abrasion. Productid spines are abundant. Foraminifera are sparse but 

diverse (Tuberitina, Diplosphaerinna, Vissariotaxis, Omphalotis, Endothyra, 

Pseudoammodiscus, Septatournayella, Archaediscus, Pararchaediscus, Archaediscus, 

Earlandia, Paraplectogyra?, Saccaminopsis). The most common foraminifera are 

Tuberitina and Diplosphaerinna. All the other foraminiferal genera occur only rarely. 

Echinoderm fragments are ubiquitous but not abundant. Ostracods are common. 

Kamaena, Girvanella, Ortonella, Wetheredella and stacheiinids occur rarely. The 

possible red alga Fasciella is common. The sand-sized peloids that are an abundant 

component of the facies that are found in SGZ 3 are only sparsely present. Common 

grains of uncertain origin are dark, dense micritic structures with a central canal 

(Figure 4.12 F). These are from 0.5 to 4mm across with the central opening being 10 

to 30% of the overall diameter. In several examples longitudinal sections exhibit a U- 

shape, open at one end and closed at the other. These are around twice as long as they 

are wide. Wamke (1995) and Wendt et al (2001) described similar structures and 

identified them as agglutinated Terebella burrows that occurred in association with 

sponges. The acicular cements noted above (facies 3/4b, 3/4c) are often well 

developed in this facies, fringes may be up to 0.4mm wide. Individual crystals exhibit 

unit extinction whilst extinction sweeps across the fringe as a whole when the stage is 

rotated, identifying these as radial fibrous cements (cf. Bingham, 1991). RFC 

cements are extremely common in this facies and may form over 50% of the fabric. 

The layers of isopachous cements are often deposited upon bioclasts, favouring 

brachiopods and bryozoa. They also line voids both within bioclasts and in the 

micritic fabric. The voids have irregular but rounded boundaries, often defined by a 

layer of dark micrite and vary from a few millimetres to several centimetres across. 

True stromatactoid cavities- in the sense of semi-laminar forms with flat floors and
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digitate roofs -  occur only spaisely and may be up to 2cm by 10cm. These cement- 

lined voids occasionally seem to form an interconnected network that shows some 

preferential layering parallel to dip. More often there is no clear orientation and the 

cement-rich areas separate rounded areas of micritic matrix. The marine cements are 

often multigenerational with thin lines of micro-peloidal micrite sometimes present 

between layers of cement (Figure 4.11 F; Figure 4.12 A). Up to four layers of cement 

can be distinguished. There is evidence that the isopachous cements are to some 

extent replacive of bioclasts or matrix. In some areas the cement merges into more 

micritic matrix with a poorly defined contact and bladed cements merge into crinoid 

columnals with ghost relics of the crinoid grain visible within the cement (cf. 

Bingham, 1991). The final generation of cement is limpid, drusy calcite that occludes 

almost all porosity. Syntaxial cement overgrowths are rare. The matrix has a large 

component of clotted micrite, with micro-peloids ranging from 30 up to 100 pm. 

These vary in density, mostly being quite sparsely distributed in a ground of 

microspar. Fine calcareous silt is only a minor component. Bioclasts are variably 

micritised but are generally only lightly altered. They are commonly coated with a 

layer of dense micrite. In the field a brecciated texture is often seen. Individual 

“clasts” are micrite rich and angular or sub-angular; they may be several centimetres 

across and are separated by cement or bioclast rich areas. Facies 3/4d occurs in SGZ 

1 and SGZ 2 and is either massive or poorly bedded in units between l-2m.

Interpretation

The presence of numerous macrofossils in unabraded condition indicates a low energy 

environment and such an interpretation is supported by the mud-rich nature of the 

matrix. Perhaps the most fragile bioclasts present -  fenestrate bryozoa -  are present 

mostly as hash, so some (storm?) wave action or bioerosion is indicated. 

Koninckopora was not observed and Kamaena occurred only rarely, indicating an 

environment below the uppermost part of the euphotic zone. The presence of 

Fasciella and stacheiinids suggests dysphotic conditions (Gallagher, 1998; Madi et 

al., 1996) in water depths of 20m or more. The foraminifera are only sparse but 

diverse. They include genera likely to have inhabited both shallow {e.g. Omphalotis) 

and deeper {e.g. Vissariotaxis) environments (Gallagher, 1998). The macrobiota is 

dominated by filter-feeding organisms -  bryozoa, brachiopods, bivalves and ?sponges 

- and it would seem likely that persistent nutrient-rich currents must have swept the
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area. Also present are the encrusters, grazers and attendant predators expected in such 

a rich ecology. The presence of encrusters was taken by Wolfenden (1958) to indicate 

a wave-washed environment; it however may simply represent the opportunistic 

colonisation of available substrate in a nutrient rich environment. The presence of 

automicritic texture is taken to indicate precipitation by microbial mediation and/or as 

the result of the decay of sponge tissues. Direct evidence for the role of cyanobacteria 

is present in the form of Girvanella, Ortonella and Wether della, though these are not 

common. The constructive dark coatings on bioclasts and lining primary cavities are 

interpreted as calcified biofilms (Riding, 2000; Perry, 1999) (see discussion in 

interpretation of facies 3/4c). The high volumes of marine cements, that seem to have 

been precipitated within the sediment, indicate a porous sedimentary fabric that was 

open to the passage of seawater. The brecciated texture, with the lack of evidence of 

extensive transport, is interpreted as being the result of more or less in-situ 

autobrecciation. A dysphotic environment below fair weather wave base, but subject 

to persistent nutrient rich currents is indicated in which a high proportion of in-situ 

carbonate production was microbially mediated or related to the breakdown of 

sponges.

3/4e Mottled mudstone/wackestone with RFC cement

These are wackestones and mudstones showing distinct pale/dark mottling (Figure 

4.11C). These facies have low (<30%) volumes of RFC cement compared to facies 

3/4d. Where these cements are present they show the same predilection for coating 

bioclasts and lining depositional voids as seen in facies 3/4c and facies 3/4d. The 

distinct feature of these facies, best seen in polished slabs, is a clear separation into 

pale creamy coloured and dark grey areas. The paler parts generally have wackestone 

texture with bioclastic components comprising fragments of bryozoa, brachiopods, 

echinoderms, ostracods, bivalves, and common foraminifera (.Endothyra, Omphalotis, 

Eoendothyra, Ur bane I la?, Paraplectogyra, Pseudoammodiscus, Archaediscus, 

Globotetrataxis, Earlandia, Tuberitina, Diplosphaerinna). In two samples 

Koninckopora was present as large fragments. Peloids and mudstone intraclasts also 

occur. The matrix is in part homogenous micrite and in part automicrite. Calcareous 

mud and silt are common and recrystallisation to microspar is pervasive.
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The darker parts of these facies have a much lower proportion of fine bioclastic debris 

and the bioclastic assemblage is more similar to that found in facies 3/4d (i.e. 

fenestrate bryozoa, gastropods, ostracods, bivalves, brachiopods and sponges). The 

matrix is generally of micro-peloidal micrite and microspar.

Girvanella is common, especially in the paler parts, as isolated bundles of tubules and 

as loose encrustations on grains. Fasciella is also common. Thick constructive 

micritic envelopes are not as common as in facies 3/4c and facies 3/4d.

The RPC cement lined voids occur preferentially, but not exclusively, within the 

darker areas. Acicular calcite fringes are present, mainly within entire brachiopods or 

bivalves. Endolithic micritisation of bioclasts is variable but not generally extensive. 

Facies 3/4e is found within SGZ 1 and SGZ 2 and is either massive or poorly bedded 

in units of 1 -2  m.

Interpretation

The high volumes of mud and the frequent occurrence of articulated brachiopods and 

bivalves suggest an environment with little wave reworking. The degree of endolithic 

micritisation is generally low, suggesting water depths of 20m or more (Perry, 1998). 

The numbers and diversity of foraminifera are often relatively high and combines 

genera such as Omphalotis which is more typical of shallow conditions (Gallagher, 

1998) with those such as Tuberitina which are very rarely found in shallow water 

deposits. Whilst similar in many ways to facies 3/4c and facies 3/4d there is also 

evidence for the importation of sediment from a shallower setting being an important 

process. Peloids, Koninckopora and rounded mudstone intraclasts indicate transport 

from shallower areas. The fine bioclastic debris common in the paler parts may have 

been produced in-situ or have been imported. The darker zones are more typical of 

the environment interpreted for facies 3/4c and 3/4d. The importation of the shallower 

component may have disrupted the sediment fabric to sufficient extent to have 

inhibited the formation of voids and cavities and led to the lower volumes of marine 

cements present in this facies. The mottled texture may be the result of incomplete 

mixing of the two components -one primarily automicritic and the other essentially a 

bioclastic wackestone. This facies is interpreted as having formed in a dysphotic
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Figure 4.10 Outcrop photographs from Eldon Hill Quarry, and photomicrographs of 
mudstones and wackestones
A: U p p e r  p a r t  o f  c y c l i c  p a c k a g e  E H c  1 in  E l d o n  H ill Q u a r r y  s h o w i n g  t r a n s i t i o n  f r o m  d a r k  p a l a e o b e r e s e l l i d  
p a c k s t o n e s  ( 2 f )  u p  in t o  p a l e  b i o c l a s t i c  a n d  p e l o i d / b i o c l a s t i c  p a c k s t o n e s  a n d  g r a i n s t o n e s .  S c a l e  b a r  i s  2 m .  
B: C l o s e  u p  o f  t r a n s i t i o n  s h o w n  in  A  d i s p l a y i n g  e r o s i v e  n a t u r e  o f  c o n t a c t .
C : L a m i n a t e d  m u d  l a y e r  in  w a c k e s t o n e  ( 3 a ) .  U p p e r  p a r t  o f  E H c  1 ,  E l d o n  H ill Q u a r r y .  S c a l e  b a r  2 c m .
D: S t a i n e d  a c e t a t e  p e e l  o f  l a m i n a t e d  m u d ,  i n c o r p o r a t i n g  n u m e r o u s  f i n e  s k e l e t a l  f r a g m e n t s .  W i n n a t s  P a s s ,  
s c a l e  b a r  0 . 2 m m .
E: Siphonodendron c o r a l i t e  w i t h  i r r e g u la r  c o a t i n g  o f  d a r k  c l o t t e d  m i c r i t e  w i t h  a s s o c i a t e d  s e d e n t a r y  t u b u l a r  
f o r a m in f e r a  ( a r r o w e d ) .  E n d o t h y r i d  f o r a m in i f e r  a l s o  s h o w n  ( E n ) .  T h in  s e c t i o n ,  f a c i e s  2 e ,  E ld o n  H ill Q u a r r y ,  
s c a l e  b a r  0 . 5 m m .
F: S t a i n e d  a c e t a t e  p e e l  o f  c a l c i t e  f i l l e d  m o u l d  a f t e r  g a s t r o p o d ,  u n a b r a d e d  o r  f r a g m e n t e d  a n d  w i t h  c l e a r  
g e o p e t a l  fill. F a c i e s  3 a  W i n n a t s  P a s s ,  s c a l e  b a r  2 . 5 m m .



Figure 4.11 Photographs of polished slabs and photomicrographs of microbialites
A: P o l i s h e d  s l a b  o f  f a c i e s  3 / 4 d  w i t h  t h r o m b o l i t i c  m a c r o t e x t u r e  ( T h ) .  W i n n a t s  P a s s ,  S c a l e  b a r  2 c m .
B: P o l i s h e d  s l a b  o f  f a c i e s  3 / 4 c  w i t h  s t r o m a t a c t o i d ,  R F C - l i n e d  p r im a r y  c a v i t i e s .  M a c r o t e x t u r e  i s  in  p a r t  l e io l i t i c  
(L ) a n d  p a r t ly  p o o r ly  d e v e l o p e d  t h r o m b o l i t i c  ( T h ) .  C a r s i n g t o n ,  s c a l e  b a r  3 c m .
C :  P o l i s h e d  s l a b  o f  f a c i e s  3 / 4 e  s h o w i n g  c l e a r  d i s t i n c t i o n  b e t w e e n  p a l e  w a c k e s t o n e ,  w i th  c o m m o n  f i n e  s k e l e t a l  
f r a g m e n t s ,  a n d  d a r k  a r e a s  r ic h  in  c l o t t e d  m i c r i t e s  a n d  w i t h  c o m m o n  R F C  c e m e n t s .  W i n n a t s  P a s s ,  s c a l e  b a r
3 c m .
D: T h in  s e c t i o n  o f  f a c i e s  3 / 4 c  w i t h  p r im a r y  c a v i t i e s  l i n e d  w i t h  R F C  c e m e n t s  ( R )  a n d  o c c l u d e d  b y  d r u s y  c a l c i t e  
s p a r  ( C ) .  C r in o id  c o l u m n a l  ( e )  h a s  d a r k  c o a t i n g  o f  c a l c i f i e d  b io f i lm  t h a t  e x t e n d s  a r o u n d  p r im a r y  c a v i t y ,  
p r e d a t i n g  R F C .  M ic r it ic  m a t r ix  s e p a r a t e d  in t o  d a r k ,  c l o t t e d  m i c r i t e - r i c h  a r e a s  ( A u )  a n d  p a l e  a r e a s  (A l)  r i c h e r  in  
f i n e  c a l c a r e o u s  s i l t  a n d  m i c r o s p a r .  W i n n a t s  P a s s ,  s c a l e  b a r  2 m m .
E: T h in  s e c t i o n  o f  c r in o id  c o l u m n a l  w i t h  e n c r u s t i n g  b r y o z o a n  Fistulipora ( F ) ,  c a l c i f i e d  b io f i lm  (B f )  a n d  R F C  
c e m e n t s  ( R ) .  F a c i e s  3 / 4 c ,  X P L ,  W i n n a t s  P a s s ,  s c a l e  b a r  0 . 2 5 m m .
F: D e t a i l  o f  R F C  c e m e n t s  s h o w i n g  e u h e d r a l  t e r m i n a t i o n  ( l o w e r  le f t )  a n d  c u r v e  o f  t w in n in g  p l a n e s  c o v e x  
t o w a r d s  s u b s t r a t e .  L im p id  d r u s y  s p a r  ( C )  p o s t d a t e s  R F C .  A  th in  l a y e r  o f  m i c r i t e  s e p a r a t e s  t w o  g e n e r a t i o n s  o f  
in c l u s i o n - r i c h  R F C .  T h in  s e c t i o n ,  H o p e  Q u a r r y ,  n e w  c r u s h e r  s i t e ,  s c a l e  b a r  0 . 5 m m .



Figure 4.12 Photomicrographs of microbialites
A: F o u r  g e n e r a t i o n s  ( 1 - 4 )  o f  R F C  c e m e n t  u p o n  b r a c h i o p o d  v a l v e  ( B )  d e f i n e d  b y  th in ,  
s e p a r a t i n g ,  m ic r i t ic  l a y e r s .  T h e  R F C  i s  p o s t d a t e d  b y  d r u s y  c a l c i t e  s p a r  ( C ) .  T h in  s e c t i o n ,  
f a c i e s  3 / 4 d ,  W i n n a t s  P a s s ,  s c a l e  b a r  0 . 5 m m .
B: G a s t r o p o d  ( G )  m o u ld  w i t h  th in  c a l c i f i f i e d  b io f i lm  c o a t i n g  a n d  l i n e d  b y  R F C  c e m e n t s  ( R ) .
T h e  m a t r ix  i s  c o m p o s e d  o f  c l o t t e d  a u t o m i c r i t e  ( A u )  w i t h  s o m e  f i n e  s k e l e t a l  f r a g m e n t s  ( t o p  
le f t ) .  T h e  ir r e g u la r  g e o p e t a l  fill t o  g a s t r o p o d  p r e d a t e s  p r e c i p i t a t i o n  o f  R F C .  F a c i e s  3 / 4 d ,  
th in  s e c t i o n ,  W i n n a t s  P a s s ,  s c a l e  b a r  0 . 5 m m .
C :  Fasciella in  g r o u n d  o f  in c l u s i o n - r i c h  R F C  c e m e n t .  F a c i e s  3 / 4 d ,  t h in  s e c t i o n ,  W i n n a t s  P a s s ,
S c a l e  b a r  0 . 5 m m .
D: Ortonella in  g r o u n d  o f  in c l u s i o n - r i c h  R F C  c e m e n t .  F a c i e s  3 / 4 d ,  t h in  s e c t i o n ,  W i n n a t s  P a s s ,
S c a l e  b a r  0 . 5 m m .
E : Stacheoides?  in  g r o u n d  o f  i n c lu s io n - r i c h  R F C  c e m e n t .  F a c i e s  3 / 4 d ,  th in  s e c t i o n ,  W i n n a t s  P a s s ,  
S c a l e  b a r  0 . 5 m m .
F : A g g l u t i n a t e d  w o r m  t u b e  Terebella in  g r o u n d  o f  in c l u s i o n - r i c h  R F C  c e m e n t .  F a c i e s  3 / 4 d ,  th in  s e c t i o n ,  
W i n n a t s  P a s s ,  S c a l e  b a r  0 . 2 5 m m .



environment below fair weather wave base in 20m or more of water, but with 

imported material from a shallower setting above fair weather wave base.

4.4.4 Breccias

5a Intraclastic rudstone/breccia

These are clast-supported breccias and rudstones in which the clasts are composed of 

facies 3/4c and 3/4d. The clasts may be up to 10cm in size but are generally in the 1 

to 5cm range. The mudstone and wackestone clasts are angular or sub-rounded and 

have the internal textures and biota as described above (facies 3/4c &3/4d). Also 

present, interstitial to the clasts, are brachiopod valves and spines, crinoid columnals, 

bryozoa, bivalves, and gastropods. RFC cements are present in low volumes (<30%) 

but well-defined depositional voids are rare. The breccias take the form of lenses 

between 10 and 50cm thick that appear to be discontinuous over several metres both 

across and down the slope. Facies 5a occurs in SGZ 1.

Interpretation

The preponderance of clasts, and the associated biota, from facies 3/4c and 3/4d 

indicates these breccias resulted from disaggregation and transport of these facies. 

Facies 3/4c and 3/4d were deposited within SGZ 1 and SGZ 2, in areas with steep 

depositional dips or around the break of slope. These breccias are interpreted as the 

result of local collapse of unstable areas. Aggradational production and 

oversteepening may have led to local instability. The impact of storm-generated 

waves, tectonic activity or simply exceeding the angle of repose led to the failure and 

subsequent disaggregation of the sediment. There is no more material derived from 

SGZ 3 than is found in the other automicrite-rich facies found in SGZ 1 and SGZ 2 

and these breccias are interpreted to be the result of failures restricted largely to SGZ 

1.

5b Bioclastic rudstone/breccia

These are clast-supported breccias whose main component is coarse bioclastic debris. 

Clasts range in size from rolled Lithostrotion colonies over 10cm across down to 

coarse-sand sized bioclastic debris and peloids. Sorting is very poor. The main 

constituent is crinoid columnals up to 1cm across which are broken, angular and little 

micritised. Brachiopod valves and spines, bivalves and bryozoa are common, usually
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fragmented but small, entire examples occur. The only foraminifera observed are 

poorly preserved endothyrids. Syntaxial cements upon the crinoids predominate and 

RFC has not been observed. These breccias appear to form lenses up to 2m thick, 

though lack of exposure prevents accurate assessment of their down slope extent. 

Facies 5b is found within SGZ 1.

Interpretation

These breccias are composed almost exclusively of bioclastic material with only rare 

mudstone/wackestones clasts such as those that make up the bulk of facies 5a. The 

bioclasts show very little micritisation suggesting they have spent little time in 

euphotic conditions and the generally chaotic nature suggests rapid deposition of 

material. The crinoidal material that dominates these deposits must, presumably, be 

derived from extensive crinoid thickets established in SGZ 2, high on the slopes of 

SGZ 1 or in SGZ 3 close to the platform break. It is suggested that thick 

accumulations of coarse bioclastic material (see facies le and 2d) developed around 

the platform break in water depths in excess of 20m during the deposition of CTR2 

and that these breccias are the result of rapid downslope transport following local 

failure. Such failure might be due to simple oversteepening or may have been 

triggered by storm waves or tectonic disturbance. These may represent the extreme 

proximal part of calciturbidites similar to those documented in the early Asbian of the 

Alport Borehole (Gutteridge, 1991). The absence of RFC cements may be due to the 

preferential development of syntaxial cements on abundant unmicritised crinoids, the 

lack of suitable syn-depositional cavities or reduced circulation through the margin.

4.4.5 Sub-aerial facies and palaeokarst

A range of both micro and macroscopic features are present that have been taken to 

indicate sub-aerial exposure, the development of soil profiles and the presence of 

vegetation.

6a Palaeokarstic surfaces

Bedding planes within the limestones are usually undulose to some extent but some 

have a more marked relief. These are undulatory on a large scale, with amplitude up 

to 40 - 50cm and a wave length of 1 to 10m. Deep, isolated potholes are rare in the 

studied sections and these surfaces are most similar to hummocky to simple
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palaeokarstic depressions, as defined by Vanstone (1998). This suggests the surfaces 

developed over thousands to tens of thousands of years (Vanstone, 1998).

facies/feature

code

facies/feature

stratal geometry 

zones in which 

facies/features 

mainly occur

6a palaeokarstic surfaces SGZ 3

6b “wayboard” clays SGZ 3, 2

6c pedogenic features -  rhizocretions, laminar 

calcretes and alveolar septal fabrics

SGZ 3

6d lithoclastic breccias with pedogenic 

features

SGZ1, 2

Table 4.2. Features and facies from the early Asbian of the Derbyshire platform that are interpreted 
to indicate subaerial exposure of the platform.

6b “Wayboard clays”

These clays are interbedded with the limestones of SGZ 3 and found above 

palaeokarstic surfaces. They are between 5cm and 60cm thick and may be traced over 

several hundred metres or more. When fresh they range in colour from pale grey to 

blue-grey to pale green. They are highly pyritic and this leads to the rapid 

development of a rusty hue when oxidised. The clays are not generally fossiliferous 

(at one location in Eldon Hill Quarry brachiopod valves were found in the uppermost 

part of a clay, this was thought to be the result of minor reworking of the top of the 

clay during transgression). Study of the mineralogy of these clays found them to be 

composed of mixed layer illite/smectites derived from the decomposition of 

volcaniclastic deposits in either sub-aerial or very shallow marine environments 

(Walkden, 1972). Their occurrence above palaeokarstic surfaces with pedogenic 

features (see below) supports a sub-aerial interpretation.

6c Pedogenic Features

Thin (0.5 -  2cm) crusts with a laminated structure are occasionally found veneering 

palaeokarstic surfaces and as fills to joints and bedding planes up to lm below these 

surfaces. The crusts are generally dark pinkish brown in colour and laminated on a 

mm scale with layers of dark dense micrite and microspar. These are interpreted as



laminar calcretes (Walkden, 1974; Vanstone, 1993) which may have formed by 

accretionary precipitation associated with rootmats and fungal hyphae above lithified 

carbonate sediment within a soil profile.

Dark, vertical or sub-vertical tubular features are also found up to 1.5m below 

palaeokarstic surfaces. These range in diameter from 0.5 to 2cm and are composed of 

dense laminated micritic tubes surrounded by a dark micritic halo. The colour and 

microstructure of the central part is similar to that of the laminar calcretes. These 

features are interpreted as rhizocretions, which formed by the precipitation of micritic 

carbonate around roots which penetrated semi-lithified sediment or in the tubes left by 

the decay of such roots (Estaban & Klappa, 1983).

Alveolar septal fabric is often observed associated with these calcretes. This takes the 

form of millimetric voids within the dense micrite with thin micritic septae projecting 

into the space. These were precipitated within mycelial bundles and indicate the 

former presence of fungal hyphae (Tucker & Wright, 1990, p344).

6d Breccias with pedogenic features

Brecciation of surfaces was not observed in SGZ 3 but one example was found within 

SGZ 1-SGZ 2 in Winnats Pass (see Section 4.6.1). This is a 50cm thick breccia with 

sub-angular, blackened limestone lithoclasts (up to 10cm across) in a poorly-sorted 

matrix ranging from mud up to fine gravel. The lithoclasts consist of a range of 

lithologies including grainstones and packstones typical of SGZ 3 along with 

mudstones and wackestones more commonly associated with the SGZ 1 and 2. 

Bioclastic grains are present in the matrix and consist mainly of echinoderm debris 

with some endothyrid and earlandiid foraminifera, all with thick, irregular coatings of 

dense peloidal micrite. The remainder of the grains are large (0.3 -  0.7mm), irregular, 

densely micritic peloids with a clotted texture. The lithoclasts are also coated with 

thick coatings of dense clotted micrite associated with alveolar septal fabrics. Also 

present within the matrix are areas of brownish microspar which form distinct areas 

and can be seen to post date the micritic coatings. This deposit is interpreted as a 

scree or regolith with some reworked bioclasts in the matrix, which has been subject 

to root-mat calcretisation within a soil profile (Tucker & Wright, 1990, p344).
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4.5 Facies Associations
Five facies associations were identified on the basis of interpreted environments of 

deposition of each lithofacies (see Table 4.3). The cyclic nature of these deposits 

means that interpretations of water depth are conditioned by transgressive/regressive 

changes in relative sealevel changes. These effects will be considered more fully in 

Sections 4.6 and 4.8.1

4.5.1 Facies association 1 (FA 1) - Deep sub-tidal marginal environments

The bulk of SGZ 1 and SGZ 2 is composed of automicritic mudstones, wackestones 

and microbial boundstones, grouped here as facies association 1 (FA1). The degree of 

micritisation of bioclasts that are clearly in-situ is low, green algae are rare and 

Fasciella and stacheiinids are common, suggesting predominantly dysphotic 

conditions. Bryozoa, crinoids and productids are common. Foraminifera are sparse 

but diverse and contain genera such as Saccaminopsis, Tuberitina and 

Diplosphaerinna that are typically found in deeper environments. These facies are 

roughly equivalent to microfacies B2 (upper part of massive sponge-fenestellid 

bafflestone-wackestone) of Madi et al. (1996). These authors did not define precise 

water depths but suggested these facies occurred in euphotic to dysphotic conditions 

below fair weather wave base. Water depth varied down slope in SGZ 1, but an 

environment in dysphotic conditions below fair weather base and probably deeper 

than 20m is interpreted for this facies association. Such facies, rich in automicrite and 

often associated with a rich, filter feeding benthos and abundant RFC cements, are 

often interpreted as having been deposited as microbial/sponge biostromes or 

bioherms (e.g. Pratt, 1995). A similar depositional environment is proposed here for 

FA 1 (Figure 4.13). Steep depositional slopes were maintained in SGZ 1 by the 

precipitation of early marine cements. The distribution of these cements is closely 

linked with the gross morphology of the margin (see Bingham, 1991). The 

intraclastic breccias (facies 5a) found in SGZ 1 were the result of local slope failures 

whilst the coarse bioclastic breccias (facies 5b) and packstones (facies 2d) that occur 

in SGZ 1 were the result of localised high benthic production. Bioclastic grainstones 

and peloid/bioclastic packstones that occur in SGZ 1 and SGZ 2 are interpreted as the 

result of periods of increased export of shallow-water allochems from FA 2 and FA 3 

and a similar, but less pronounced phenomenon may have been the mechanism for the 

markedly mottled facies 3/4e.
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4.5.2 Facies association 2 (FA 2) - Deeper sub-tidal platformal environments

Those facies interpreted as having been deposited in dysphotic conditions and not 

associated with automicrite (facies le, 2d, 2e) are grouped in facies association 2 

(FA2). Facies le and 2d represent high benthic production by crinoids, bryozoa and 

brachiopods and the differing volumes of sedimentary fines are interpreted as being 

due to varying amounts of current winnowing. Facies 2e is interpreted as having 

deposited below fair weather wave base in water depths interpreted as having been 10 

to 20m (Figure 4.13). Entire brachiopods and colonial corals are common within this 

facies association. The corals occur both as isolated colonies that become more 

frequent towards the platform break and as low bioherms in association with 

brachiopods. These facies all have a fully marine biota suggesting open connection to 

the basin.

The environment for this facies association is interpreted as being below fair weather 

wave base in dysphotic to euphotic conditions with small coral/brachiopod patch reefs 

and crinoid/bryozoan thickets in areas swept by nutrient rich currents. FA 2 

occurs in SGZ 3.

4.5.3 Facies association 3 (FA 3) -  Shallow subtidal lagoonal environments

Peloid and peloid/bioclast packstones (facies 2a, 2b, 2c) that are interpreted as having 

been deposited below fair weather wave base in euphotic conditions are grouped in 

facies association three (FA3). The actual water depth of fair weather wave base will 

have varied according to the degree of exposure to the open basin but was probably of 

the order of 10m (Horbury, 1989; Horbury & Adams, 1996; Gallagher, 1996). These 

facies were all deposited in low energy conditions (Figure 4.13), either in shallow, 

sheltered lagoonal areas or in deeper water than the shoal grainstones of FA 4, 

described below. These facies often contain only sparse recognizable fossils, making 

environmental interpretation difficult. Brachiopods, crinoids and bryozoa occur, 

suggesting import from relatively deep water, and the range of differing states of
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Table 
4.3. 

A
ssociations 

of lithofacies 
grouped 

according 
to 

interpreted 
sedim

entary 
environm

ents.

Code Facies

Association

lithofacies Interpreted water 

depth

Main in-situ biota Interpreted environment

FA 1 Deep subtidal

marginal

environments

lb, Id, 2d, 

3/4b, 3/4e, 

3/4d, 3/4e

>15m Crinoids, fenestrate, encrusting and ramose 

bryozoa, brachiopods, bivalves, gastropods, 

ostracods, Sparse but diverse foraminifera, 

Fasciella, Stacheiinids, Girvanella, Ortonella, 

Wetherdella, sponges, automicrite

Deep subtidal bioherms formed partly of microbially 

precipitated micrite with rich biota of filter feeding 

benthos supplied by nutrient-rich upwelling currents. 

Input of shallow platform-derived allochems variable. 

High slope angle maintained by early marine 

cementation but some oversteepening caused local 

collapse and breccias

FA 2 Dysphotic

subtidal

environments

le, 2d, 2e 10 -20m Crinoids, fenestrate and ramose bryozoa, 

brachiopods, Siphonodendron, Syringopora, 

Lithostrotion, bivalves, gastropods, Common and 

diverse foraminifera (endothyrids, toumayellids, 

tetrataxids, archaediscids, Earlandia, Gigasbia, 

Saccaminopsisj palaeoberesellids, ostracods, 

stacheiinids, Girvanella

Open platform top below fair weather wave base in 

dysphotic conditions. Crinoid/bryozoa thickets, 

coral/brachiopod bioherms and palaeoberesellids in 

shallower parts.

FA 3 Euphotic

subtidal

lagoonal

environments

2a, 2b, 2c, 

2e

5 - 15m shallower 

in sheltered areas

Palaeoberesellids, Earlandia, Endothyra, 

Omphalotis, Globoendothyra, thin shelled 

brachiopods.

Euphotic, subtidal, low energy, lagoonal areas with 

extensive micritisation of grains. Bioturbated and 

cemented in parts.

FA 4 shallow 

subtidal shoal 

environments

la, lb, lc, 

Id

< 3- 10m Koninckopora, Omphalotis, Globoendothyra, 

endothyra, palaeotextularids.

Wave washed shoals above fair weather wave base, 

possibly with associated tidal channels.

F A 5 Inter tidal-sub- 

aerial

1 a, 3/4a, 

5a, 5b, 5c, 

5d

<3 -  0m gastropods & bivalves in wackestones (5a), 

terrestrial plants

shallow intertidal shoreface, lagoons, tidal marsh and 

sub-aerial exposure



preservation suggests sediment mixing by burrowing organisms (Perry, 1998). The 

high volumes of, often highly micritised, sand-sized grains may be derived from more 

wave-worked areas. Palaeoberesellid packstones (facies 2f) are also included in FA 3 

as they are interpreted as having formed in euphotic conditions below or around fair 

weather wave base. These are preferentially developed in areas sheltered by adjacent 

shoals and appear to be deposited by extensive palaeoberesellid meadows in sheltered 

areas. FA 3 occurs mainly in SGZ 3 and the adjacent parts of SGZ 2.

4.5.4 Facies association 4 (FA 4) - Shallow subtidal shoal environments

Those facies that are interpreted as having formed in sub-tidal environments above 

fair weather wave base are grouped together in facies association 4 (FA4). There is 

within this association evidence for several distinct environments. Well-rounded and 

well-sorted bioclastic grainstones (facies la) were deposited in wave agitated shoals 

and the occurrence of low-angle swash lamination may indicate this facies is a 

foreshore deposit to some extent (see Section 4.5.5 below). Coarser and less well- 

sorted grainstones (facies lb) appear to have been deposited in conditions with less 

energy in which larger bioclasts such as crinoid and brachiopod fragments thrown up 

by the action of storms have received less reworking. Facies (lc, Id) with higher 

numbers of grains thoroughly micritised by endolithic boring were deposited in areas 

of lower energy, either slightly deeper or in the lee of the shoals. The occurrence 

within some grainstones of aggregate grains suggests import from low energy 

lagoonal areas where grapestone crusts formed (Harris et al., 1985) and their 

reworking may be the result of storm disruption or by shoal migration. 

Palaeoberesellids (in muddy grainstones facies lc, Id), indicate slightly greater water 

depths or sheltered locations (Adams et al., 1982; Horbury & Adams, 1996). The 

occurrence, in Eldon Hill Quarry, of grainstones with locally erosive bases and with 

reworked clasts of both underlying deeper water packstones and of shallow subtidal 

grainstones is problematic. A possible explanation may be the presence of tidal inlets 

between the shoals with focused flow eroding both the substrate (Boardman &

Carney, 1991) and adjacent, semi-consolidated, shoal grainstones. FA 2 is present in 

SGZ 3
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4.5.5 Facies association 5 (FA 5) - Intertidal to sub-aerial environments

Prolonged exposure of the platform is indicated by clays, formed by the sub-aerial 

weathering of volcaniclastics, overlying palaeokarstic surfaces associated with 

laminar calcretes and rhizocretions. Facies 3/4a is interpreted as having been 

deposited in very shallow restricted lagoonal or intertidal tidal marsh environments 

(Figure 4.13). Facies la may also have been deposited in partly intertidal conditions. 

Facies 3/4a and la represent low and high energy intertidal deposits respectively. 

These intertidal to supratidal facies are grouped together in facies association 5. FA 5 

is most fully developed in SGZ 3 but also extends into SGZ 2 and SGZ 1.

4.6 Distribution of facies associations within stratal geometry zones
In the following sections locations chosen to illustrate the distribution and chief 

characteristics of each facies association are described. Grid references of these and 

other locations are given in Appendix 9.

4.6.1 Stratal geometry zone 1 (SGZ1)

On the eastern side of Winnats Pass SGZ1 is composed of lithofacies variations 

within FA 1 (Figure 4.14). A breccia (facies 5b) on the slope below Shining Cliff was 

found to be associated with pedogenic features. The exposures are however 

incomplete and the higher slopes are inaccessible. There may be more detail in this 

area awaiting elucidation. In the equivalent area on the western slopes the picture is 

similar. The exposures are composed of poorly bedded mud-rich lithologies (3/4b, 

3/4c & 3/4e) that dip basinwards. There are local variations in the abundance of 

macrofossils and the volume of RFC cements present, though both are generally 

abundant, but the nature of the exposure makes tracing units up or down slope 

problematic.

A nearly complete vertical section of c. 52m up through SGZ 1 can be obtained 

between locations WPP65 and WP36 (Figure 4.15). Here, some 12m of thickly 

bedded mudstones and wackestones with, in places, abundant RFC cements (facies 

3/4c & 3/4d) are succeeded by 2m of thinly-bedded, peloidal/bioclastic packstones 

(facies 2b) and grainstones (facies Id). Above these are another 10m of thickly 

bedded mudstones and wackestones with only minor amounts of RFC (facies 3/4c) 

overlain in turn by nearly 5m of peloid/bioclastic packstones (facies 2b). Above these
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are c. 9m of mudstones and wackestones (facies 3/4c & 3/4d) that pass upwards into 

peloidal/bioclastic packstones (2b). Both Koninckopora and palaeoberesellids occur 

in the highest part of this section. Above a break in the exposure, the next unit is an 

extremely coarse crinoidal rudstone with overturned and broken Lithostrotion 

colonies, and brachiopod valves (facies 5b). The top of this unit is irregular but 

distinct, being overlain by peloidal/bioclastic packstones (facies 2b). The uppermost 

7m are marked by a return to poorly bedded, RFC cement-rich mudstones and 

wackestones (facies 3/4c, 3/4d & 3/4e). Scattered small exposures further north, and 

lower down the slope, are mainly composed of peloid/bioclastic packstones (facies 

2b).

Exposures from the equivalent part of SGZ 1 on the western side of Winnats Pass 

(Figure 4.14) are also composed mainly of wackestones and mudstones with varying 

amounts of RFC cement (facies 3/4c, 3/4d & 3/4e). A unit of coarse bioclastic 

grainstone (facieslb) was identified at locations WP12 and 14 and lenses of 

intraclastic breccia (facies 5a) are present at location WP5. The most accessible and 

complete exposures of the uppermost part of the clinothems in SGZ 1 are in the 

lowest, northern, part of Cavedale (Figure 4.16). Poorly-bedded accumulations of 

facies 3/4d, low down at location CD40, are level bedded or show shallow basinward 

dips, these are assigned to SGZ 2. These are overlain by peloidal/bioclastic 

packstones (facies 2b) and grainstones (facies lb). Dips vary up through the section 

suggesting deposition in irregular lenses. Further north dips are more consistent. 20 -  

30 degrees basinward. The mud-rich lithofacies at CD40 pass basinward into beds 

with steeper dips but little change in lithology (lower part of location CD39). Higher 

in this section and northwards from CD39 to CD38 the units become richer in sand 

grade bioclastic debris and poorer in RFC cements (facies 3c). Peloid/bioclastic 

packstones (facies 2b) occur at location CD38.

Autobrecciation is common amongst the mud-rich facies in all these locations and is 

seen as sub-angular clasts, from 5mm to 150m with irregular margins, interspersed 

with crinoid columnals, brachiopod valves and fenestrate bryozoan hash. Lenses of 

breccias with erosive bases (facies 5a) are present at location CD2. At these locations 

(Figure 4.16), the section through the uppermost part of the slope shows a tendency
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Figure 4.17: Highly irregular bedding in packstones and wackestones at the top o f  Cow Low Nick 
Scale bar at bottom left is approx. 2m.

for the beds to become richer in bioclastic debris and poorer in RFC cements 

upwards.

At Cow Low Nick exposure of the uppermost part of SGZ 1 consists of highly 

irregular lenses of packstone and wackestone (facies2b & 3c) (Figure 4.17). Further 

down the slope lithologies are more mud-rich and RFC cements more common (facies 

3/4d).

Several locations on Treak Cliff, Long Cliff and Michill Bank (e.g. CD18, 19, 86, 87, 

89, 91, 92, see Appendix 9 for locations) reveal well-bedded units of coarse crinoidal 

packstones (facies 2d) in which individual columnals may be up to several 

centimetres in size. From their position these are taken to have been deposited high in 

the Chee Tor Rock Member and seem to be characteristic of this level.
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Summary and interpretation (Figure 4.18)

FA 1 in the lower part of SGZ 1 is dominated by automicrite-rich lithologies (facies 

3/4c-e) that, though rich in marine macrofossils, contain few sand-grade bioclasts or 

peloids. These are interpreted as having been deposited as the result of microbially 

mediated precipitation in sheets upon the slope, possibly with some contribution from 

sponges. Bedding is often indistinct but, where discemable, dips c. 20 to 40 degrees 

basinward. Marine cements, that occur as isopachous fringes on, and within, bioclasts 

and lining primary voids, are abundant within SGZ1, these appear to have been 

crucial to the maintenance of the steep slopes. Cements are commonest within the 

automicrite-rich lithologies and least common in those units that are richer in sand- 

grade bioclastic debris and fine calcareous silt, apparently derived in some part from 

shallower platformal environments. This interrelationship may be due to the tendency 

of the microbialites to form internal networks of synsedimentary cavities.

The amount of platformal material shed out onto the slopes is generally low but shows 

some systematic variation through the section. In the youngest and highest parts of 

SGZ 1 there is a high proportion of automicrite-rich lithologies but, interbedded with 

them, are peloidal/bioclastic packstones and grainstones (facies 1 b & 2b) indicating 

increased export at these levels. These deposits are also included within FA 1 as they 

are interpreted as having been resedimented out onto the slope. This trend also 

coincides with the increasing progradation of the margin up through the section.

The automicritic lithofacies often show an autobrecciated texture, and there is a 

gradation from these textures to metre-scale lenses of intraclastic breccia with 

erosional bases. This suggests that though the slope was stabilised by the 

precipitation of early marine cements it was at or close to its limiting angle of repose 

and that small-scale slope failures were a common feature. The irregularity of 

bedding high on the slope seems to indicate deposition as lenses on the scale of tens 

of metres. This may be due in part to higher wave-associated energy levels inducing 

more slope failures at this level. Some such surfaces appear to be erosional in nature 

but lack a distinct change in lithology.

There is an increase in the occurrence of coarse crinoid/brachiopod packstones (facies 

2d) in the youngest part of SGZ 1. This appears to represent a favouring of the filter- 

feeding benthos over the microbial community
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Figure 4.18. Sketches to show interpreted distribution o f FA 1 and main changes during cyclic changes 
in relative sea-level.
A: Following transgression deposition in SGZ 1 is dominated by 
microbialite along with in-situ benthos.
B: As production on the platform increases and keeps pace with the creation o f accommodation space 
deposition in SGZ 1 is still dominated by microbialite and in-situ benthos but now with an increasing 
component o f fine skeletal material exported from the platform.
C: As relative sea level falls shallow water allochems become an increasingly large component in FA 1. 
The margin tends to prograde during these phases.
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4.6.2 Stratal Geometry Zone 2 (SGZ 2)

The relationship between SGZ 2 and Wolfenden’s “Reef Limestones”

With the exception of minor grainstones, the limestones in SGZ 2 are massive, or with 

poorly developed bedding and shallow dips. They are predominately composed of 

mudstones and wackestones (facies 3/4b, 3/4c & 3/4d). In places these facies are rich 

in an encrusting biota and have microbialitic macrotextures. These areas are taken to 

correspond with the “reef limestones” of Wolfenden (1958). He described these as 

being 30 feet wide, up to 100ft thick and 1200 feet long (14.4m, 48m and 480m 

respectively) and “composed for the most part of massive calcareous 

algae”(Wolfenden, 1958). The primary aim of this study has not been to review 

Wolfenden’s (1958) results nor was a data set taken of sufficient type and quantity 

acquired to challenge his conclusions on palaeoecology. However, the results of the 

present facies mapping suggest there may be an over simplification here.

Recognisable stromatolites or thrombolites {sensu Riding, 1999, 2000) are more 

limited in extent than would be suggested by reading Wolfenden’s (1958) work.

This may simply be the result of the uncertainty which has dogged the precise 

definition of stromatolites (Riding, 1999). Lithofacies 3/4c, 3/4d and 3/4e all have a 

substantial component of automicrite but they rarely show clear lamination and thus 

do not conform to Riding’s (1999) definition of stromatolites as “a laminated benthic 

microbial deposit”. The primary fabrics observed conform more to thrombolites 

(Aitken, 1967, cited in Riding, 1999) or leiolites (Braga et al., 1995). The work of 

Mundy (1994) on deposits of similar age and type in the Craven Reef Belt may also 

help. He defines an encrusting/framework/microbial facies as a modifying facies 

within the other components of the buildups. The present author suggests from his 

own observations a similar model for the Asbian margin in which areas within SGZ 2 

are variably rich in microbialite textures.

In Winnats Pass SGZ 2 is present around the bend in the road and may be traced 

vertically upwards for at least 70m (Figure 4.19). This, in part, corresponds with the 

“lower reef’ of Wolfenden (1958). The “upper reef’ of Wolfenden (1958) is present 

along the top of Treak Cliff. An outlier of the units which make up Shining Cliff is 

present on the highest point of Treak Cliff, a feature first recorded by Shirley and
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Figure 4.19. Maps and sketch cross sections o f  Winnats Pass and Cavedale showing outcrop o f  
SGZ2. Note aggradational geometry o f SGZ2 in low er part o f  section and separate, basinward, 
location o f  SGZ2 in highest part o f section.

Horsfield (1940), who showed two small outliers on the map published with their 

paper but did not refer to this locality in their text. Subsequent authors have not 

referred to this either. This is important as it shows the “upper reef’ to be 

stratigraphically lower than MDL (Section 4.3.1; Figure 4.5). There is some 

confusion over the exact location of this “upper reef’ on the eastern side of Winnats 

Pass. Wolfenden (1958, Figure 5, p879) shows no upper reef on this side of the pass. 

Ford (1996, Figure 4, p8, Figure 53, p69 & Figure 54, p70) however, shows upper 

reef at the northern end of Shining Cliff. In Ford’s (1996) account the upper reef is 

laterally equivalent to the units in Shining Cliff, which he describes as a “flanking 

facies” and “transitional between back-reef to massif facies”. The present study has 

discovered no exposures of SGZ 2 that are clearly correlatable with the beds of 

Shining Cliff on its northern side. SGZ 2 is present in this area but at a slightly lower
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level. This, along with the presence of the Treak Cliff outlier mentioned above, 

suggests that SGZ 2 is largely restricted to the Chee Tor Rock Member.

Sedimentation in stratal geometry zone two

On the south eastern side of Winnats Pass, from the road up to the southern end of 

Shining Cliff (Figure 4.19), the outcrop is composed of facies 3/4b, 3/4c and 3/4d. 

This section, however, is largely covered by vegetation.

On the western side more complete sections can be seen and logs of these are shown 

in Figure 4.20. It should be noted that these logs were compiled from discontinuous 

exposures in areas difficult to access and, consequently, there is likely to be more 

detail within this area.

The lower 78m of these sections are comprised largely of massive or very poorly 

bedded variations of facies 3/4c and 3/4d. There are minor intercalations of 

peloid/bioclastic grainstones and packstones (facies lb & 2b). These could not be 

traced laterally and may be discontinuous lenses. In the upper part of the sections, 

mudstones and wackestones with little or no RFC cements and few macrofossils 

(facies 3/4b) become more common; these are facies that also occur in the adjacent 

parts of SGZ 3 and may represent some interfmgering or gradation between the two 

zones. In the highest part of the section (log WPN 2) there are coarse rudstones 

(facies le) dominated by crinoid fragments and broken brachiopod valves. The 

horizon below these is taken as the upper limit of SGZ 2 in this area. A narrow ridge 

along the top of Treak Cliff (Figure 4.19) is also composed of variations of facies 3/4c 

& 3/4d and is included here within SGZ 2. From its location and mapped 

stratigraphical position this appears to be a separate development as a narrow linear 

zone at a pronounced break of slope that merges downslope into similar lithofacies 

within the highest parts of the clinoforms of SGZ 1. One feature seen here is the 

presence of Siphonodendron colonies.

In Cavedale, SGZ 2 is composed of lithofacies similar to those described from the 

sections in Winnats Pass. It is present in the crags and slopes southwest from and 

below Peveril Castle and in the crags on the slopes opposite the castle (Figure 4.19).
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It would appear that it may be in two parts, separated on the western side by the units 

of packstone and grainstone which cross SGZ 2 to SGZ 1 (see Figure 4.16). These 

higher exposures of SGZ 2 (upper reef -  Wolfenden, 1958) are placed, from their 

mapped position, as being in the youngest part of the Chee Tor Rock Member 

(CTR2). This interpretation highlights one difference between Winnats Pass and 

Cavedale. In Cavedale the top of the lower, and largest, development of SGZ 2 is 

located closer to the presently exposed break of slope than in Winnats Pass. It can be 

seen from the two cross sections (Figure 4.19), drawn approximately orthogonally to 

the strike of the margin, that in both locations the lower part of SGZ 2 maintains 

approximately constant dimensions and geometry. The zone is between 50 and 100m 

wide, at least 80m high and is mainly aggradational, though with a small component 

of basinward progradation.

On the slopes of Long Cliff, between Shining Cliff and Cavedale, neither the lower 

nor the upper parts of SGZ2 are exposed, and there seems to be no topographical 

feature equivalent to the ridge at the top of Treak Cliff to suggest its presence.

During the period of this study excavations were made into the slope for the 

construction of a new crusher plant at Hope Cement Works (see Appendix 2 for full 

details of this location). Nearly 20m of massive mudstones and wackestones (facies 

3/4c, & 3/4d) were exposed. Multi-generational layers of marine cements, 

comparable to the bi-phase calcite cements described by Bingham (1991) and found 

to occur close to the break of slope, are common in these limestones and, in places, 

these may form over 60% of the fabric. Micro-peloidal, clotted micrite forms a larger 

proportion of the matrix and there is generally a smaller component of fine bioclastic 

debris and silt in this location than seen in SGZ 2 in Winnats Pass and Cavedale. In 

an attempt to reveal any systematic variations within this unbedded deposit, variations 

in the distribution of marine cements, brachiopods, and crinoid debris amongst 

samples taken from the faces were contoured (Figure 4.21) (see Appendix 2 for full 

details of samples and method used to derive contour plots). This procedure revealed 

nearly linear concentrations of brachiopod and crinoid debris which are aligned up 

and down the slope, oblique (c. 17 -  25 degrees) to the dip direction. The distribution 

of brachiopod valves and debris gave the most clearly defined trend and this is closely 

associated with the trend shown for the distribution of crinoid debris, though the latter
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Figure 4.21. Isometric sketches o f the lowest three benches o f excavations for a new crusher plant at 
Hope Quarry. Contours o f abundance of - A: brachiopod valves and debris, B: Crinoid debris & C: -RFC 
cements.
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is less well defined. The distribution of marine cements is more loosely defined. The 

zone in which these are most abundant shows a similar trend to the brachiopods and 

crinoids but is offset c.4m to the southeast. At exposure no clear bedding was visible 

within these limestones, but these plots seem to indicate deposition on a surface 

dipping basinward, i.e. on the uppermost slope.
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In the samples that show the lowest volumes of RFC cements peloids are a common 

feature. In general foraminifem are only sparsely present, with the exception of 

Tuberitina, which is common throughout. Endothyrids, archaediscids, tetrataxids and 

Earlandia are sparse to rare, occurring mostly in areas with lower volumes of marine 

cement. Palaeoberesellids are very rare throughout and Koninckopora was not found 

in any sample.

The tuff horizon overlying these limestones is correlated with the Cavedale Lava 

(Figure 4.3), which places the limestones below the tuffs in the youngest part of the 

Chee Tor Rock Member.

Within Eldon Hill Quarry (Figure 4.22) there is an exposure which is also placed 

within SGZ2. It has been previously described as “an expanded reef-like lens (of) the 

Upper D. Septosa Band” (Stevenson & Gaunt, 1975). In the north western part of the 

quarry, in the area closest to th2 platform margin, this band, rich in crinoids, 

brachiopods, colonial corals, solitary corals and lithistid sponges, is present (Figure 

4.22). This band passes westward into an exposure that is massive and composed of 

facies 3/4c and 3/4d. This exposure appears to represent a lateral transition from FA 2 

to FA 1 suspected from other locations but not clearly demonstrable.

Such faint bedding as can be made out in the massive limestones indicates a 

basinward dip of around 20 to 30 degrees. There is no evidence for equivalent 

platformward dips and it seems likely that this unit was deposited on a break of slope 

similar to that seen in Winnats Pass and Cavedale. The isolated nature of this 

exposure and its separation from the nearest similar occurrence make this difficult to 

interpret but, if it represents a break of slope, then a margin which is irregular in plan 

is indicated.

Summary and interpretation (Figure 4.23)

SGZ2 can be seen to have first aggraded vertically, resulting in thick accumulations of 

facies 3/4c, and 3/4d with little variation. These represent deposition in microbial 

bioherms in relatively deep water around or below fair weather wave base, lower 

euphotic to dysphotic light conditions and moderate to low energy (Figure 4.23, A & 

B). Minor intercalations of facies lb, Id and 2b, do occur but are only minor
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Figure 4.23. Sketches demonstrating interpreted distribution o f facies associations within SGZ 2 and 
how these responded to relative sea level change.

components. These represent shallowing water depths and the establishment of the 

environments interpreted for FA 3, and possibly FA 4, implying moderate to high 

energy conditions and water depths less than 10m (Figure 4.23, C). No clear 

evidence of subaerial exposure was found within SGZ2 below the occurrence of 

facies 6d below Shining Cliff. This is more likely to be due to a lack of evidence 

than no emergence of the margin, the work of Bingham (1991) suggested episodes 

of meteoric cementation. In the youngest and highest parts of the Chee Tor Rock 

Member SGZ2 relocated basinward and is generally less well developed. The 

evidence from the new Hope Quarry crusher site suggests that SGZ2 is located 

here on the uppermost slope and that internal variations define zones running down 

and oblique to the slope. This orientation perhaps suggests some current action 

primarily up and down the slope, but also with some margin-parallel component.

These structures are not directly analogous to spur and grooves documented from
109
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modern reef front environments maintained by wave surge (Shinn et al., 1981).

Whilst there appears to be a higher proportion of shallow water allochems in some 

zones, these are all mud-rich lithologies and no grainstones or rudstones were present 

to suggest strong winnowing. Neither were any clear constructional or erosive 

surfaces observed. It seems rather that the internal variations within SGZ 2 in this 

area are the result of microbial bioherms elongate up and down slope with intervening 

low areas receiving slightly more resedimented material. Colonial corals 

(Siphonodendron, Lithostrotion, and Syringopora) and lithistid sponges (Haplistion) 

do occur within SGZ 2, usually as isolated colonies but also (in Eldon Hill Quarry) in 

such abundance as to form bioherms. These are, however, not common and appear to 

be commonest on the platformwards side of the break of slope, passing from SGZ 2 

into SGZ 3 as a lateral gradation between FA 1 and FA 2.

The automicritic facies of FA 1 are often rich in RFC cements and the distribution of 

these closely parallels the geometry of the margin. Those parts of SGZ 2 which were 

deposited upon the uppermost parts of the slope and around the platform break are 

richest in RFC cements and the volumetric contribution of these falls rapidly 

platformward. In the transitional area between SGZ 2 and SGZ 3 RFC cements are 

present only as linings to small (2-6mm) voids and similar voids with no RFC 

cements are also present in the same limestones.

4.6.3 Sedimentation in Stratal Geometry Zone Three (SGZ 3)

Eldon Hill Quarry displays a section 80m thick and over 500m long through SGZ 3 

close to the platform margin (Figure 4.24). The section is subdivided, on the basis of 

lithofacies stacking patterns and identified exposure surfaces, into cyclic packages. 

Twelve such packages have been identified in Eldon Hill Quarry. There is a general 

trend upward from thick to thin packages. The lowest cycle (EHcl) is the thickest, 

being at least 15m thick, whilst the thinnest (EHc9), in the uppermost part of the 

section is less than 2m.

The northern face of the quarry is close to perpendicular to the platform margin 

(Figure 4.23). Most of this face is not directly accessible but logging in other parts of 

the quarry (detailed below, see also 4.25; 4.26 and Appendix 3) reveals the lithofacies 

stacking patterns that were extrapolated to the north face. The face may be divided
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Figure 4.24. Photopanorama and tracing o f  the northern face o f  Eldon Hill Quarry. The bounding 
surfaces o f  each cyclic package are marked in green. The central part o f  this face is inaccessible and 
the position o f  surfaces is extrapolated from logged sections in other parts o f  the quarry or deduced 
from changes in colour and bedding style. Pale, thick bedded or massive units are FA 4 and darker, 
medium to thick bedded units are FA 3. Dark packstones o f  FA 4 are present in the lowest part o f  
EHc 1 and as thin lags at the base o f  other cycles but are not distinguished here. The length o f the 
face is c. 500m. See Figure 4.25 for location and orientation o f  the face shown here.
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Figure 4.25. Logs through the lowest exposed cycle (E H cl) in the Bee Low Limestones Formation 
in Eldon Hill Quarry. Log EH3 is closest to platform margin and log EH2 is furthest from the margin. 
Vertical and lateral variations in facies association are shown. The prominent bedding plane with thin 
brown clay marked can be traced around most o f  the quarry but could not be located accurately in log 
EH3. No exposure related features were found associated with this surface. This surface is 
interpreted to represent a hiatus in carbonate deposition.
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broadly into dark grey units that are composed mostly of packstones of FA 3 and pale 

grainstones of FA 2. In the thickest cyclic packages (EHc 1 -  EHc 5) FA 4 thins 

eastward and FA 3 thins westward. These variations in thickness are the result to 

lateral change from one facies to another within beds. Pale grainstone units, when 

traced eastwards, pass into dark, fine-grained packstones. This pattern leads to thick 

sequences of FA 3 with thin grainstone tops (FA 4) in the area furthest from the 

platform margin. Closer to the margin the section is composed mainly of pale 

packstones and grainstones with dark, fine-grained packstone units either absent or 

only poorly developed at the base of each cyclic package.

Three logs taken through the lowest package, EHcl, (Figure 4.25) show both lateral 

and vertical changes. The lowest part of the package is composed of FA 2 with 

crinoid/foram packstones (2f) that thicken from 3m to 4m eastward over c.200m. 

Large, entire productid valves are common throughout, but become more numerous 

towards the margin. Colonial corals {Siphonodendron and Syringopora) are common 

in the section nearest the margin but die out rapidly platformwards. Both brachiopods 

and corals are concentrated in bands less than 0.5m thick.

These pass upwards into FA 3 with crinoid/palaeoberesellid/foram packstones (2e) 

and peloid/bioclastic packstones (2b) which also thicken to the northeast, from 3.75m 

to 5m over 200m. Thin, normally graded bands of coarse bioclastic debris (lb, Id) 

also occur and these become more common upwards. Sub-rounded intraclasts, 2-7cm 

across, of facies 2e are present around 1 5m from the top of this part of the package. 

Facies association three is overlain by peloid/bioclastic and bioclastic grainstones (lb, 

lc, Id) of FA 4. This transition is generally sharp but conformable. In one location 

(not on a logged section but in a roughly equivalent position on the section to that of 

log EH3) this transition is sharp and clearly erosive (Figure 4.10 A & B). The units of 

FA4, in contrast to the underlying units, thicken towards the platform break from 

c.2m to > 4m over c. 200m. These units clean upwards and towards the west and 

well-sorted and well-rounded, bioclastic grainstones (la) occur in the highest part of 

the package. Parallel lamination is occasionally seen in the grainstones; whilst faint 

low-angle lamination and small-scale trough cross bedding is present in the highest 

part of the package.
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Clay bands (6b) are only poorly developed in the lower and middle part of the section. 

Four clay horizons have been identified in the top part of the section (Figure 4 .26), 

each of which is associated with the development of laminar calcretes, rhizocretions 

(6c) and mammilated palaeokarst (6a) (though these features are not always preserved 

at each location). At this higher level in the section FA 2 is thin or absent. These 

cycles are also characterized by the presence of, often thick, deposits of very-well 

sorted and well-rounded bioclastic grainstones (facies la). EHcl 1 shows one feature 

similar to package EHcl, the transition from FA 3 to FA 2 is gradational in log EH5 

and sharply erosional in log EH8. There is no clear pattern to lateral changes within 

each package at this level. This may reflect the fact that the available exposures are, 

in contrast to the section shown for package EHcl, more parallel to the margin.

Winnats Pass and Cavedale both provide sections from the SGZ1 and SGZ2 through 

to SGZ3. Both sections are close to perpendicular to the margin at their northern ends 

but then deflect westwards to an angle acute to the margin. The result of this is that, 

even though Winnats Pass is over 900m long and Cavedale is over 1100m long, 

neither has exposures more than 350m from the platform break. Cavedale and 

Winnats Pass are both natural gorges and the exposures are discontinuous and 

incomplete. In this setting any clays are covered by vegetation and recessive 

argillaceous limestones are poorly exposed. Cycle boundaries are exposed in several 

places but their exact location has largely been deduced from the presence of 

grainstones overlain by fine-grained packstones.

The lithofacies exposed in Winnats Pass and Cavedale are arranged in cyclic packages 

similar to those seen in the part of Eldon Hill Quarry closest to the margin. 

Peloid/bioclastic packstones with common small fragments of crinoid columnals and 

brachiopod valves (FA 3) pass upward into FA 4 with peloid/bioclastic grainstones 

(lb, lc, Id) capped by well-sorted and well-rounded bioclastic grainstones (la). The 

black or very dark packstones (2e, 2f) seen in the lower parts of cycles in Eldon Hill 

Quarry were not found exposed in Winnats Pass or Cavedale. The cyclic packages 

appear to thin up through the section and grainstones become more common. At least 

three cycles are exposed in the area east of Winnats Head Farm (Figure 4.27); these 

can be traced along the southern side of Winnats Pass to the slopes beneath Lion Rock
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where at least four more packages are exposed. In the basal part of package C a 50cm 

thick unit displays normal grading. At the base it is a very coarse crinoidal packstone 

(2d) with angular fragments of crinoid larger than 5mm in a dark matrix. This then 

fines up into medium sand grade packstone (2b). This graded unit can be traced west, 

through several separate exposures, but to the east appears to pinch out. Similar units 

are also present on the eastern side of Cavedale and can be traced southwestwards for 

more than 150m until they disappear below the grass. This is the same package 

described by Parkinson (1945, p i02) which he interpreted as being the lowest units of 

“non-reef’ type limestones. These beds dip southeastwards at up to 30 degrees. This 

steep dip is at variance with the units both below and above and, presumably, led to 

Parkinson’s conclusion that they are draped upon a mass of “reef’ limestone.

Coarse crinoid/brachiopod rudstones composed of very poorly sorted large fragments 

of crinoid columnals, along with broken brachiopod valves and bryozoan debris and, 

in places, mudstone intraclasts (le) occur close to the platform break between Treak 

Cliff and Winnats Pass (see log WPN 2 in Figure 4.20) and along the northern part of 

Cavedale. The coarse crinoid/brachiopod packstones and floatstones(2d) recorded 

from the highest levels of SGZ 1 are also present high in SGZ 3 close to the platform 

break and would appear to be contiguous with the occurrences in SGZ 1.

The transition from SGZ 3 to SGZ 2

The area immediately platformward of SGZ 2 is characterized by a number of 

changes. Mud-rich lithologies become predominant and, as SGZ 2 is approached 

marine cements appear as linings in small vugs. Brachiopods typical of SGZ 2 and 

SGZ 1 become more common (Wolfenden, 1958; Parkinson, 1943). The sub-division 

of a transitional zone within SGZ 3 is, to some extent, artificial. The boundary on the 

basinward side is gradational but can often be identified in the field within a few 

metres but the passage platformwards appears to be gradational over tens of metres 

and is hard to define. This zone corresponds with the “passage beds” of Parkinson 

(1943 p 125) and the “back reef’ of Wolfenden (1958, pp878-879). The following 

description is taken from observations made in Winnats Pass and Cavedale.
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Figure 4.28. Diagram illustrating main changes across the transition from SGZ 2 to SGZ 3.

The problems of identifying distinct cycles within this zone are even more acute than 

in the areas previously described. Bedding is generally poorly developed, where 

observable dips are generally low (<15°) but can be variable in magnitude and 

direction over short distances. The transition from SGZ 2 to SGZ 3 occurs over a 

distance of less than 50m. Some of the main changes across this transitional zone are 

illustrated in Figure 4.28.

The most characteristic lithofacies which distinguish this zone are pale wackestones 

and mudstones (3/4b) which in hand specimen appear to be composed of largely 

homogeneous micrite but can be seen in thin section to have an indistinctly pelleted 

texture. There is a gradational series between these and the peloid/bioclastic 

packstones (2a, 2b) that are more typical of FA 3 in SGZ 3 closer to the platform
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interior. Other commonly occurring facies are packstones, wackestones and 

mudstones with millimetre-scale, rounded, irregular voids lined with thin, isopachous 

fringes of fibrous calcite cements (2c, 3/4c). These become more common and richer 

in RFC cement-lined voids as the platform break is approached. They grade laterally 

over less than 10m into the extremely cement-rich facies (3/4d) that occur in SGZ 2. 

There is, in these mud-rich facies, an increase in entire brachiopods, bryozoa and 

other macrofossils characteristic of SGZ 2 as the break of slope is approached (see 

also Wolfenden, 1958; Parkinson, 1943,1947).

Summary and interpretation (Figure 4.29)

The limestones of SGZ 3 are mainly composed of FA 2, FA 3 and FA 4 arranged in 

shallowing upward cyclic packages that extend into SGZ 2. Exposure surfaces, which 

sometimes bare clays, are overlain either by FA 2 or may be directly overlain by FA 3 

or FA 2. The poor development of transgressive deposits suggests rapid 

establishment of subtidal conditions. Where FA 2 is present this is interpreted as the 

result of inundation to depths of 10m or more (Figure 4.29, A), too rapidly for 

carbonate production too keep pace (start-up phase (Neumann & Macintyre, 1985)). 

Where FA 3 directly overlies the exposure surface this is interpreted as flooding to 

depths around 10m or less with production keeping pace with subsidence. Facies 

association three represents deposition in shallow subtidal lagoonal environments and 

is overlain by FA 4 indicating production exceeding the creation of accommodation 

space and the formation of shallow subtidal bioclastic shoals. In the thinnest cyclic 

packages documented, FA 3 may be thin or absent and FA 1 constitutes almost the 

entire thickness of the package, suggesting flooding to depths of no more than 5m. 

This pattern is in broad agreement with that of Berry (1984). The chief difference in 

the area close to the margin lies in the thick development of FA 4, and in particular 

deposits of facies la, suggesting that shoals developed along the margin during the 

mid-part of each cycle whilst shallow lagoonal conditions prevailed over the platform 

interior (Figure 4.29, B).

The erosive base to FA 4 seen in places in Eldon Hill Quarry, and the fine-grained 

intraclasts found low in FA 4 or high in FA 3 suggest either disruption by storms or 

possibly tidal channels between shoals (cf. Boardman & Carney, 1991). The 

occurrence of high energy events crossing the margin is supported by the presence of
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Figure 4.29. Sketches showing interpreted distribution o f  facies associations during the deposition of
one cycle.
A: After transgression FA 2 deposited in SGZ 3 during start-up phase. If platform is not flooded to 
depths greater than fair weather base FA 2 may be poorly developed or absent.
B: As production increases shoals form. FA 3 deposited in areas below fair weather wave base or in 
sheltered lagoons. Palaeoberesellids dominate in sheltered euphotic areas. FA 4 deposited in wave 
swept shoal areas. FA 2, if  present, restricted to area close to platform break.
C: As relative sea level and the creation of accommodation space decrease, shoals expand laterally 
resulting in grainstone caps to cycles which may laterally extensive and extend out into SGZ 2.

SGZ 3
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thin coarse grainstones within FA 3, interpreted as layers winnowed and transported 

by storm generated waves.

Palaeoberesellid-rich packstones are developed preferentially on the platformward 

side of the bioclastic shoals and their location suggests a preference for euphotic but 

low to moderate energy conditions in the lee of the shoals, supporting the conclusions 

of Horbury (1992). On the basinward side of the shoals the deposits are dominated by 

peloid/bioclastic packstones (FA 3) and grainstones (FA 4), in the lower and upper 

parts of cycles respectively, and palaeoberesellids are less common. There is a 

gradation from these into FA 1 in SGZ 2 suggesting deeper waters and a lateral 

passage from shoals into the microbial bioherms of SGZ 2.

Facies association two in the area close to the platform break is represented by 

crinoidal rudstones (le) and coarse crinoid/brachiopod packstones (2d) deposited in 

thickets of filter-feeding benthos close to the break of slope and presumably located 

here to take advantage of nutrient-rich currents.

The grainstones of FA 4 extend into SGZ 2 and this phenomenon is interpreted as 

resulting from falling relative sea level driving progradation of the shoals basinward 

in the highest part of each cycle (Figure 4.29, C).

4.6.4 Summary of sedimentary patterns

The interpretation and distribution of facies associations supports the hypothesis that 

SGZ 1, 2 and 3 represent deposition upon a slope, slope break and outer platform 

respectively.

Three phases in each cycle are shown in Figure 4.30 to illustrate the interpreted 

effects of cyclic changes in relative sea level. After the platform was flooded, 

following the previous exposure, the conditions that established themselves were 

dependent upon the depth and rapidity of the inundation. If dysphotic conditions 

became established then the productive community was dominated by crinoids, 

bryozoa, brachiopods, foraminifera and to some extent corals along with a 

contribution from palaeoberesellids (Figure 4.30, A). Production on the slope and at
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Figure 4.30. Key and legend for this figure are overleaf.
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Facies associa tion  o n e  - law energy, dyspho tic  m icrobialites a n d  bioclastic 
fioatstones

Facies associa tion  two - low energy, dysphotic, crino id /brachiopod/coral 
rich packstones

Facies associa tion  two - low energy, dysphotic, crino id /palaeoberesellid  rich 
packstones

Facies associa tion  th ree  - low to  m o d e ra te  energy, shallow subtidal, 
peloid/bioclastic packstones

Facies associa tion  th ree - low to  m o d e ra te  energy, shallow subtidal, 
palaeoberesellid  packstones

Facies associa tion  four - m o d e ra te  to  high energy, shallow subtida, 
peloid/bioclastic a n d  bioclastic grainstonesl

Facies associa tion  five - low energy, intertidal m arsh, m u d sto n es  a n d  
w ackestones with restricted b io ta

Facies associa tion  five - e m e rg e n t su rfaces , palaeokarst, palaeosols, 
--------------- ca lc re te s  a n d  v eg e ta tio n

Figure 4.30. Distribution o f  facies associations across the margin during three phases o f  cyclic 
changes in relative sea level. A: Following transgression, microbialite predominates on the slope and 
shelf break and passes into deeper subtidal packstones on the platform. B: As production on he 
platform increases, a shoal belt forms. Grainstones deposited in wave washed areas, packstones 
deposited in low-energy areas. Palaeoberesellids were abundant in sheltered lagoons. Deposition o f  
microbialite predominates in slope and slope break settings. C: As production exceeds the creation o f  
accommodation space the shoals become emergent and prograde both platform and basinward. 
Intertidal marshes may form in sheltered areas, though these are short-lived before complete 
emergence o f  the platform.

the platform break was in the form of microbial bioherms or biostromes along with an 

associated benthos. These deposits were essentially autochthonous with little 

contribution from material exported from the platform interior. Growth of the 

platform was aggradational. This style of sedimentation is typical of the lower and 

middle parts of the Chee Tor Rock Member.

As production started to accelerate, a shoal belt developed (Figure 4.30, B). Storm 

waves moved bioclastic material, from a range of depths, up into shallow subtidal 

areas where wave working was the dominant process. In these high-energy areas the 

productive community was dominated by dasycladacean algae, some robust genera of 

foraminifera and, possibly, in-faunal molluscs. In sheltered lagoonal areas, 

platformward of the shoals, palaeoberesellids were abundant and major sediment
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contributors. Other shallow lagoonal areas were dominated by the deposition of 

numerous peloids in grainstones and packstones, depending on the degree of wave 

working they were subject to. The passage from the shoal belt to the bioherms 

situated on the platform break is marked by a gradation from peloid grainstone, 

through peloid packstones and into automicritic wackestones. Production on the 

platform break and slope was still predominantly composed of autochthonous micrite 

and benthos but the volume of, mainly fine-grained, material exported from the 

platform increased.

When the initial flooding was to a shallower extent, or if production was able to keep 

pace with rising relative sea level, then the development of FA 2 was of limited 

extent, the shoals developed rapidly and low in the cycle.

Late in each cycle (Figure 4.30 C), as production exceeded the creation of 

accommodation space, the shoal belt broadened and eventually became emergent.

The volume of material exported to the slope increased. In the latest phase intertidal 

marshes briefly formed and the highest deposits in the cycle consist either of well- 

sorted and well-rounded grainstones or mudstones/wackestones with a restricted 

biota. These represent high and low energy intertidal deposits respectively.

The last phase in each cycle is emergence. The interior of the platform was subject to 

karstification, erosion and pedogenesis prior to the next inundation.

The broader trend up through the Chee Tor Rock Member reflects many of these 

trends on larger scale. Thick cycles lower in the sequence coincide with aggradation 

of the margin and low levels of export from the platform interior. The thinner cycles 

in the highest part of the section show poor development of FA 2 (except for close to 

the platform break), higher levels of export from the platform out onto the slope and 

more progradation of the margin.
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4.7 The Geometry of the Platform Margin

The margin of the Derbyshire Platform has been assumed to have had a rimmed 

configuration (Wolfenden, 1958; Stevenson & Gaunt, 1973; Aitkenhead et al., 1985; 

Ford, 1996). This is based on the existence of steep, depositional dip slopes from the 

platform down into the contemporaneous basin and the presence of, usually gentle, 

dips back towards the platform. Concomitant to this is an assumption that the “reef’ 

facies (SGZ 2) occurred at the shallowest point, around the break of slope 

(Wolfenden, 1958). Whilst this may be true of many modem coralgal reefs on the 

margins of rimmed shelves or platforms such as the Bahamas platform or the Belize 

shelf (Tucker & Wright, 1990, p41), the biota contributing to the carbonate sediments 

on an Asbian margin are a very different assemblage to a modem reef. A true skeletal 

metazoan or metaphyte framework is not present, the macrofauna often show little 

evidence of disarticulation or abrasion and the lithologies are often mud-rich. The 

similarity of these facies to the Waulsortian mounds of the Toumaisian and lowest 

Visean was noted early (e.g. Hudson, 1932). The presence of an encrusting biota, 

with tuberitinid and tetrataxid foraminifera and fistuloporid bryozoan, was thought to 

be evidence for an environment on the platform break, high within fair-weather wave 

base and possibly semi-emergent by analogy with a modem reef-crest zone 

(Wolfenden, 1958). The presence of preserved Girvanella, Ortonella and clotted 

micrite were taken to show the likely presence of microbial mats protecting the 

sediment surface from wave erosion (Wolfenden, 1958; Mundy, 1994). In attempting 

to reconstruct the geometry and facies architecture of the platform these assumptions 

have been critically re-evaluated. The nature and distribution of facies associations 

discussed in earlier sections suggests that the platform break was situated in deeper 

waters, around or below fair weather wave base. This, coupled with the presence of 

high-energy bioclastic shoals several hundred metres platformward of the platform 

break, suggests a slightly bevelled geometry. Several lines of evidence are considered 

below to try and elucidate the syndepositional geometry of the margin.

4.7.1 Evidence of exposure of the margin

The presence of numerous palaeokarstic surfaces, often with pedogenic features, in 

the Asbian sediments of the platform interior (Walkden, 1974, 1977; Vanstone, 1998) 

shows repeated exposure of the platform, this must have had an effect on the margin.
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If the platform margin was elevated above the general level of the adjacent lagoon it 

should have been exposed as often as the platform interior. In which case 

palaeokarstic and pedogenic processes should have left some signature.

There are, however, several problems in demonstrating how often the shelf break and 

slope were exposed. Surfaces in SGZ 1 often appear to be erosive. These may be at a 

higher angle to bedding on the surrounding slope and seem to cross-cut bedding 

surfaces, both along strike and down dip. However, the only surface which is proven 

to be the result of sub-aerial exposure is that described in Section 4.6.1, and this 

surface appears concordant with surrounding bedding. No pedogenic features were 

found associated with other surfaces more clearly discordant to the general bedding.

In the platform interior, rhizocretions and laminar calcretes are most common below 

palaeokarstic pits and depressions where clay palaeosols formed (Vanstone, 1998) this 

suggests that intervening areas were either devoid of soil or such vegetation as was 

present did not promote the formation of calcretes. On the margin, lack of pedogenic 

features may indicate soil formation was limited in extent. During transgression the 

margin will have received significantly higher wave erosion than the platform interior, 

potentially removing any clear evidence of exposure. Given these considerations, the 

erosional surfaces observed within SGZ 1 may be the result of exposure, subsequently 

stripped of any evidence of pedogenesis. They may also represent local slope failures 

or scours. The presence of slope failures is demonstrated at location CD88 (Appendix 

9). In this small exposure there is clear disruption of the bedding, which is interpreted 

here to be the result of semi-lithified units slumping down slope. Given the above 

considerations, it seems likely that the one preserved palaeosol represents a significant 

horizon. The breccia must have been sufficiently indurated to survive marine 

transgression. This lies at around the upper limit of the early, aggradational phase of 

SGZ 2 and may represent the onset of more prolonged periods of exposure, also 

suggested by the increased occurrence of mature palaeokarstic surfaces and clays 

higher in the sequence in SGZ 3.

The main problem in assessing the frequency and duration of exposure of the margin 

is simply the nature of the exposure. In the quarry sections displaying platformal 

sections, exposure surfaces may be identified with reasonable accuracy. The
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exposures of the area adjacent to the shelf break are all natural, partially obscured, 

landscapes and there may be other exposure surfaces that cannot be seen. It may be 

significant that only one exposure surface has been identified with certainty on the 

slope, but the presence of others cannot be ruled out, indeed the study of Bingham 

(1991) into the cement stratigraphy showed repeated exposure of the slope.

4.7.2 Preserved palaeotopography

Whilst the gross geometry of the platform may be observed in the field it has some 

suffered some distortion from later, minor, tectonism and burial compaction. These 

have resulted in differential compaction, some faulting (mainly strike-slip) and minor 

gentle folding. Consequently it is difficult to reconstruct subtle local variations in 

depositional dip. There are however several locations on the margin where significant 

local variations in dip appear to have a syndepositional component. In the lower parts 

of Winnats Pass and Cavedale, dips vary considerably over short distances. Higher on 

the south-eastern slopes of Cavedale graded beds dip locally up to 30 degrees away 

from the shelf break, at variance with lower dips in the surrounding units and seeming 

to drape an underlying topography. Shirley and Horsfield (1940) and Parkinson 

(1943) pointed out the presence of quaquaversal dips on Snells Low and Middle Hill. 

Removal of the regional dip of the platform suggests these were all at approximately 

equivalent levels; all are certainly in the lower part of the sequence. It seems possible 

that there may be palaeotopographic features preserved within the existing margin.

Method

Structural data were treated to remove regional dip and produce a data set composed 

of elevations with X Y co-ordinates. The full method and a consideration of errors 

inherent in this process are given in Appendix 7. The data was then gridded and 

contoured to produce maps showing any palaeotopographical features indicated by the 

measured dips and dip directions.

The areas of Winnats Pass and Cavedale that were treated in this way were chosen as 

being at, or below, the same, restored, elevation as the highest parts of Snells Low and 

Middle Hill. In Winnats Pass the data points are all from below the present day 340m 

contour, in Cavedale they are from below the 250m contour. Data points from the 

slope were chosen as being from equivalent, down-dip, units. In Cavedale the steeply
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dipping units mentioned above are at a higher level, so a further package of dips 

between the 250m and 270m contours was also analysed. This second package is 

designated Cavedale 2 to differentiate it from the lower package.

The areas of Snells Low and Middle Hill were analysed using published dips and dip 

directions (Stevenson & Gaunt, 1975). These are hills with slopes considered to be 

close to original depositional dips. If the techniques applied are robust then the 

features calculated from dips alone should show correspondence with the present day 

topography. As can be seen from Figure 4.31, they do so closely. The highest points 

of the constructed surface coincide with the peaks of the two hills. On the slopes 

around Snells Low derived contours show a slightly closer spacing than the present 

day topography on the western side and a wider spacing on the northern side. This 

would seem to indicate that the present slopes do not correspond exactly to the 

preserved palaeotopography but such variation is no more than would be expected. 

The results on Middle Hill show a similar picture, the chief discrepancy occurs on the 

northern slopes. In this area the derived contours are more widely spaced than the 

present day contours. This would seem to indicate there has been some incision into 

the slope at this point. There is also an indication that a spur may extend northward 

from Middle Hill. Any spur in this area cannot, however, have much vertical extent 

as it would otherwise extend through the Namurian cover over this area. It should be 

noted that the low area to the east of Snells Low and the south of Middle Hill has 

almost certainly been overemphasised by the gridding algorithm.

Restored palaeotopographic plots - Results (Figure 4.32)

Snells Low and Middle Hill

The restored plot for this area shows little change from that described above. The 

main changes seem to be an overall steepening of the margin facing slopes. The 

northward extension of Middle Hill is still present. The low area to the south east of 

the plot is less pronounced and may bear a closer relation to reality than in Figure 

4.31. The plot seems to show two promontories extending marginward rather than 

discrete knolls. The embayment between the promontories is well displayed.
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Winnats Pass

The plot for Winnats Pass indicates two low knolls arising from a ridge running SE to 

NW. The trend of the ridge is close to the trend of the exposed margin. A depression 

or channel separates the two knolls with a depth around 20m. The diameter of the 

knolls is of the order of 150m.

Cavedale

Cavedale 1 shows the least pronounced features of all the plots and given the errors 

inherent in the technique is interpreted with caution. It appears to demonstrate a low 

broad ridge, around 150m wide, running N -  S, that then turns eastward through 90 

degrees. There is also a hint of raised elevations as the ridge continues south.

Cavedale 2 exhibits much better definition than Cavedale 1. The same L-shaped ridge 

is shown, now with two knolls arising from it. The most westerly of the knolls is 

located approximately above the area of rising elevation tentatively identified in 

Cavedale 1. The knolls are irregular in plan and around 150m across. The ridge 

encloses, to the southeast, a distinct low. The southern end of the plot falls away into 

what is presumably a low between this ridge and another to the southwest.

Interpretation

The main mechanisms that may produce dips within a stratigraphic package are 

shown in Figure 4.33. In all cases folding has been ruled out as a main contributory 

cause of the dips observed. Dips vary widely over short vertical distances and it is 

difficult to construct a model in which folds occur within discrete packages with little 

disturbance to overlying units without invoking angular unconformities or thrusting. 

There is no evidence of either in this part of the sequence. The presence of large-scale 

bedforms cannot be entirely ruled out, but the predominately mud-rich facies present 

in these areas is not suggestive of extensive current or wave action. Onlap and drape 

of pre-existing features or the aggradation and progradation of bioherms seem to be 

the most likely mechanisms. The occurrence of lithofacies and biota similar to those 

present in substantial bioherms of the same age in the Craven Reef Belt (Mundy,

1994) suggests similar features may have been present along the margin of the 

Derbyshire Platform. Differential compaction across areas with varying capacity for 

pressure solution may also produce or accentuate dips. The spatial distribution of 

these features is still significant as it reveals variations in either
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Figure 4.33. Main mechanisms which may produce dips within a stratigraphic package.

original deposition or subsequent diagenesis. This subject is considered more fully 

below in Section 4.7.3.

4.7.3 The effects of differential compaction

The plots described above make no allowance for the effects of differential

compaction. This is a well-known phenomenon (Tucker & Wright, 1990, p359; Hunt

& Fitchen 1999) and certainly must have had some effect on the preserved geometry

of the margin. Two mechanisms may have affected the preserved geometry,

compaction below the prograding slope (cf. Hunt et al., 2002) and differential

compaction across different facies within the platform. The effects of the latter are

considered here. The Bee Low Limestones of SGZ 3 are often extensively stylotised

whilst the limestones of SGZ 2 and SGZ 3 are markedly less so. This is presumably
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due to the extensive early marine cementation of the margin reducing pressure 
solution at grain to grain contacts and the lower permeabilities of these lithologies 

retarding the migration of pore fluids. Berry (1984) quantified the amount of 

compaction of the platformal sediments and gives figures of between 4.1 and 10% 

vertical loss. Figure 4.34 shows the effect on dips close to the shelf break of a 10% 

vertical loss, spread over 50, 100 and 200m from the shelf break. This assumes the 

maximum loss that was calculated by Berry for the platformal lithologies and nil loss 

of thickness on the shelf break, clearly the actual configuration is more heterogeneous 

than this. The calculated dips should be at the higher end of the possible range.

The measured platformward dips close to the shelf break range from 30 degrees to 4 

degrees. Dips lower than these are very difficult to measure in these lithologies, 

where bedding planes are almost universally irregular. Dips in this range, up to 20 
degrees, may be the result of differential compaction. However, as can be seen from

20 0n r>
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Figure 4.34, the effects of compaction are cumulative up through the sequence, the 

highest dips should occur at the highest levels. The opposite is generally true in 

Winnats Pass and Cavedale, in these locations the highest platformward dips occur 
low in the sequence. Compaction is clearly a factor and has led to many of the low 

platformward dips seen. Compaction must have exaggerated platformward dips lower 
in the sequence, but, given that dips low in the sequence often exceed 20 degrees, it 

seems safe to conclude they are, to some extent, primary depositional dips.

4.7.4 Granulometric analysis
The limestones across the margin were assessed quantitatively with respect to two 

variables, their texture and degree of sorting, which might give some indication of 

energy levels. This should give some insight into the syn-depositional geometry of 

the margin.

CTR 2 
CTR 1 Datum line

Figure 4.35. Schematic diagram showing division o f  margin into zones measured from break in slope. 
Not to scale

Method
The data from CTR1 and CTR2 (Section 4.3.2) were analysed separately. The 

horizontal distance from a datum line was calculated for each data point. Two datum 

lines were defined (Figure 4.35), both at the highest point in that sub-sequence where 

bedding changes from level or low dips (SGZ 3) to steep basinward dips (SGZ 1).

This transition occurs within SGZ 2 over a narrow zone that is generally less than 

25m. Data points from within this zone were assigned a distance of zero. Data were 

grouped into zones defined by distance from this line where those zones platformward
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of the datum have a positive chainage and those to the basinward side have a negative 

chainage.

The textural classification of Dunham (1962) gives some indication of the conditions 

of deposition. The samples were described as grainstone, packstone, wackestone or 

mudstone. The assumption is that mudstones were deposited in low energy 

conditions and that grainstones were deposited in relatively high-energy conditions. 

Microbial boundstone facies may have been deposited in slightly higher energy 

conditions if surficial mats protected the sediment (Pickard, 1996; Gutteridge, 1990,

1995).

The degree of sorting of each sample was assessed, using comparator charts, into 

categories of poorly, moderateiy, well and very well sorted. This suffers from the fact 

that well-sorted grains may have been transported from a high-energy environment 

and the degree of sorting reflects the effects of sediment transport. Thus, a packstone 

with well sorted bioclastic grains may have been deposited in a relatively low energy 

environment. Also, mudstones will have been deposited in low-energy environment 

but are also very well sorted. The percentage contribution of each variable group to 

the whole was then calculated and plotted (Figure 4.36)

Results

Degree o f winnowing/mud content

Figure 4.36 (A) shows the results for CTR1. The contribution of grainstones 

decreases generally basinward. It does remain no less than 10% over the shelf break 

and rises slightly on to the lower parts of the exposed slope. The lowest occurrence of 

grainstones occurs in the region of the break of slope.

The contribution of packstones decreases basinward falling from nearly 40% on the 

platform to around 15% on the slope. There is some scatter in the region from 50m to 

200m on the platform side of the shelf break but there seems to be a rise to over 40% 

in this area. This is due to the presence in this area of large thicknesses of fine 

peloidal packstones. The basinward decrease does seem to coincide with the shelf 

break.
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Figure 4.36. Results o f  analysis o f  textural and degree o f  sorting trends across margin. A: Textural 
trends across margin for CTR1 (n=211). B: Textural trends across margin for CTR2 (n=104). 
Textures defined after Dunham (1962). C: Grain sorting trends across margin for CTR1 (n=212). D: 
Grain sorting trends across margin for CTR2 (n=105). Grain sorting assessed by visual estimation 
using comparator charts. Data are grouped into zones (along X  axis) defined by distance from datum 
line at break o f  slope (see Figure 4.35). Relative contribution o f  each subset is plotted on the y-axis as 
a percentage o f  the whole data set for that zone. See Table 4 .4, below, for data distribution.
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The contribution of wackestones increases basinward. The contribution over the 

platform is around 5% and this is in the form of restricted cycle caps and mud-rich 

units at the base of cycles. This starts to increase around 100m and then rises 

markedly over the break of slope. This marks the occurrence of microbialites with the 

presence of both in-situ and platform derived bioclasts. The contribution of 

wackestones then falls again markedly down slope.

Mudstone textures are unrepresented on the platform and only come in from 150m. 

The level over the break of slope is fairly consistent at around 20% and then increases 

markedly down slope. This, along with the trend of wackestones, indicates a 

decreasing contribution of bioclastic debris relative to mud content downslope in the 

mud-rich lithologies.

The results for CTR2 are displayed in Figure 4.36 (B). Lower sample numbers than 

the plots for CTR1 may explain in some part the greater scatter seen. Trends on the 

plot are interpreted as linear, any other detail is obscured by the scatter. The 

grainstones decrease from around 60% at 275m to less than 10% on the lowest part of 

the slope. Packstones decrease from 50% at 275m to around 15% basinward. 

Wackestones make up around 60% of the data points on the lowest part of the slope 

and decrease to zero by 200m. Mudstones decrease from 0% at 100m to between 10 

and 20% on the lower part of the slope.

Texture

Zone

(metres)

180/

-120

175/

-120

120/

-60

60/0 0/50 50/

100

100/

150

150/

200

200/

275

200/

300

300/

800

CTR1 0 13 15 48 28 36 20 25 0 9 17

CTR2 8 0 7 29 32 7 5 6 10 0 0

Sorting

CTR1 13 0 14 47 27 37 19 29 0 0 26

CTR2 0 7 7 30 32 8 5 6 0 10 0

Table 4.4. Distribution o f data points used in analysis o f  grain sorting and textural trends across margin.
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Degree of sorting

The results of the analysis for CTR1 are shown in Figure 4.36, C. Poorly sorted 

textures form between 20 and 30% of the rock fabric over much of the margin profile 

except for two prominent excursions. A positive excursion, up to nearly 40% at 0 to -  

60m represents the occurrence on the break of slope and uppermost slope of microbial 

boundstone facies with an abundant macrofauna. The negative excursion, at 150 to 

200m, is caused by the prevalence of well and very well sorted textures in this area. 

The texture on the slope changes downwards into dominantly moderately sorted in the 

mid part of the slope and then to well sorted on the lowest part. This does not indicate 

increasing energy levels but rather the greater contribution of well-sorted mudstone 

lithologies. Well-sorted textures form their greatest contribution in the area between 

50 and 200m, slightly closer to the margin than the very well sorted textures.

The analysis for CTR2 (Figure 4.36, D) shows a rising trend for poorly sorted textures 

downslope. This is due to an increased abundance of very coarse crinoidal packstones 

and rudstones both across the outermost 100m of the platform and down the slope.

The increase in poorly sorted textures is accompanied by a marked decrease in the 

moderately sorted fraction which otherwise increases from platform to upper slope. 

There are excursions in the poorly sorted and moderately sorted plots in the 100 to 

150m area and these may indicate a slight rise in energy at this point. The well-sorted 

fraction decreases, with trend close to linear, from platform to slope. There is a slight 

increase in this fraction on the lower slope which may be due to the presence of 

mudstones; this effect is much less pronounced than that seen in the plots for CTRl. 

The very-well sorted fraction is absent on and around the slope and only increases in 

the 100 to 300m area.

Interpretation

All four plots indicate the highest amount of winnowing and grain sorting was taking 

place in the area platformwards of the margin. The trends of grainstone distribution 

show an increase from the break of slope towards the platform interior and this is 

largely mirrored by the distribution of mudstones and wackestones. This suggests 

energy levels increasing up through SGZ 1 and then increasing again through SGZ 3.
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This is supported by a concurrent increase in the degree of grain sorting from the 

break of slope platformwards. The occurrence of very well-sorted textures is mostly 

concentrated in an area no closer to the break of slope than 100m.

The interpretation of energy levels across the margin is complicated by the occurrence 

of frequent oscillations in sea level. The nature of the preserved sediment does 

suggest that shallow, wave-washed environments tended to develop preferentially 

along a shoaling trend some 150 -  800m in board of the break of slope.

4.7.5 Geometry of grainstone shoals

As stated earlier (Section 4.6.3), exposures in Eldon Hill Quarry reveal a clear 

partition within cyclic sedimentary packages into a deeper, sub-tidal facies association 

(FA2) at the base of cycles and shallow, subtidal facies (FA3 & FA4) in the upper 

part. In several of these cyclic packages there is also a horizontal variation, the 

shallow water lithologies are thicker towards the margin. Individual units, bounded 

by bedding planes, pass from FA4 and FA3 into FA2 towards the east. In an attempt 

to determine the three-dimensional geometry of these trends, isopach maps were 

constructed from the thickness of both the stratigraphic packages and of the upper, 

shallow water part of each package (see Appendix 4 for full details of the method 

used to derive isopach maps).

Eldon Hill cycle isopach plots (Figure 4.37)

An upward trend from thick to thin packages is clearly displayed. Packages EHc 2, 3, 

6, 7 and 8 show no clear trend in lateral thickness variation. EHc 1 shows a slightly 

thicker ridge running SW-NE. This result should be treated with caution as the 

circling of contours around data points may indicate error in the measurements, also 

this lowest package was measured from the quarry floor and there is no evidence to 

prove whether this represents the true base of the cycle. The fact that this ridge is 

close to parallel to the platform margin may, however, be significant. EHc 4 shows 

some thickening eastward. EHc 5 is the only plot which displays a clear trend, 

thinning from 17.5m to 6m north eastward.
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FA 3/4 isopach plots (Figure 4.38)

In packages EHc 3, 6, 7 and 8 the deeper sub-tidal facies is thin or absent, in these 

plots the contoured plots show little variation from the respective total thickness plots. 

Plots EHc land EHc 5 show some thickening towards the NW, plots EHc 2 and EHc4 

show a pronounced thickening in the same direction. In all four plots the trend is 

closely similar to, and parallels, the platform margin.

Interpretation

In those packages that show a well-developed differentiation between FA3 and FA4 

there is a clear margin-parallel trend. This indicates that, in these cyclic packages, 

initiation and aggradation of shoals occurred most quickly along a narrow belt that 

was parallel to, and no more than 500m from, the platform break. This belt of shoals 

increased in lateral extent until, in the highest part of each package, grainstones were 

deposited over an extensive area. In some cycles such as EHc 3 reflooding was to 

only shallow depths and FA4 makes up almost the entire thickness of relatively thin 

packages. The opposing trends in total package thickness of EHc 4 and EHc 5, 

thickening westward and north eastward respectively, appear to demonstrate some 

lateral variation in available accommodation space. This may be due to lateral 

variations in subsidence or may be due to a slightly uneven upper surface to the 

underlying package.

4.7.6 Margin geometry -  a summary

The picture that emerges of the geometry of the Asbian margin of the Derbyshire 

Platform (Figure 4.39) is slightly at variance with the conclusions of earlier authors. 

An aggrading complex of bioherms appears to have formed along linear trends in the 

lowest part of the Chee Tor Rock Member. It has not been determined exactly how 

much elevation these attained over the contemporaneous platform, but they attained 

basinward slopes of over 20 degrees and similar dips may have been attained in the 

opposite direction. Whilst these may have concentrated along trends, they created an 

irregular margin both in elevation and in plan (Figure 4.40 B). This phase of “knoll” 

building seems to have coincided with a phase of thick sedimentary cyclic packages, 

perhaps this style of bioherm development was linked with the relatively unrestricted 

accommodation space suggested by these thick packages. The break of slope that
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formed along the crest of these knolls and ridges does not seem to have been at the 

shallowest point of the margin profile. The area subject to the most wave-agitation, 

and which has the highest proportion of shallow-water lithofacies indicators is the 

shoal belt. This zone was several hundreds of metres wide, largely margin parallel 

and extended at times down to the break of slope. The increase in mud-rich 

lithologies in the area transitional between SGZ 2 and SGZ 3 is interpreted here as the 

result of a decrease in energy in this area as water depth increased slightly, and an 

increasing proportion of automicrite.

As the cyclic packages in SGZ 3 become thinner and more dominated by shallow sub- 

tidal deposits in CTR2, the occurrence of platformward dips close to the break of 

slope decreases and they shallow to the point where they may be due solely to the 

effects of differential compaction. Above a prominent exposure surface, the margin 

became more progradational, the break of slope moved basinward between 60 and 

100m whilst only around 20m of sediment accumulated on the platform top. In this 

later phase the slope seems to have maintained the same angle as in CTR1, the 

bioherms of SGZ 2 were less well-developed and became more restricted to the 

uppermost slope. Shallow subtidal deposits of SGZ 3 extended up to the break of 

slope. These vertical changes were accompanied by changes in plan (Figure 4.40 A). 

An earlier, more irregular, outline appears to have been replaced by broad smooth 

slopes that seem to be the product of the later progradational phase. This change may 

be the result of higher rates of sediment export across the margin and onto the slopes.
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Figure 4.40. Three dimensional contour diagrams o f  the northern margin o f  the Derbyshire platform. A: 
Contoured plot o f the upper surface o f  CTR2 derived from exposures along the margin and by 
extrapolation down slope and across platform interior. Corrected for regional tilt using method outlined 
in Appendix 7. B: Contoured plot o f  platform margin at same level, low in CTR1, as palaeotopographic 
reconstructions in Figure 4.32. Constructed by extrapolation between previously described areas (Section 
4.7.2), downslope and across platform interior.
Abbreviations: CD -  Cavedale. WP -  Winnats Pass. MH -  Middle Hill. SL -  Snells Low. EH -  Eldon 
Hill. Contour spacing is 5m. Vertical scale not given as heights are relative. Grid is UK Ordnance 
Survey Grid in metres.
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4.8 Discussion
4.8.1 Sequence stratigraphy

Two orders of cyclicity are identified within that part of the Bee Low Limestones 

Formation studied here (CTR 1 & CTR 2 = Chee Tor Rock Member). The smaller 

cyclic packages identified are fourth order sequences. Overlain over the smaller 

cycles is the signal of an early Asbian third order sequence. These two orders of 

cyclicity interact, along with subsidence rate, to give the stacking patterns observed 

(Barnett et al, 2002).

Fourth order cycles

Shallow water deposits representing deposition in the early part of the transgressive 

systems tract (TST) (Vail et al., 1977; Sarg, 1988) are not preserved. Rapid rise in 

sea-levels and the lag between flooding and peak productivity (Neumann & 

Macintyre, 1985; Schlager, 1981) resulted in the lowest part of cyclic packages being 

deposited during the latest part of the TST to early highstand systems tract (HST) 

(Sarg, 1988), a phenomenon also seen on the South Cumbrian Platform (Horbury, 

1989). Deep subtidal conditions prevailed on the platform close to the margin where 

production was mainly by crinoids, bryozoa, forams and some algae adapted to 

dysphotic conditions. On the platform break and slope, production was mainly in the 

form of aggrading microbial bioherms that formed in association with a rich benthos. 

There is little evidence for extensive export of platformal material to the slope during 

this part of the sequence. The rapid aggradation of these biohermal facies may 

indicate the creation of plentiful accommodation space during transgression and the 

early part of HST. During HST accommodation space on the platform was filled by 

aggradation and subsequent progradation of bioclastic shoals that formed close to the 

platform break. Production in shallower euphotic conditions became dominated by 

green algae such as Kamaenella and Koninckopora. Production on the slope and 

around the platform break was still primarily sponge/microbial but with an increased 

volume of input of shallow platformal material. Late HST deposits consist of 

lagoonal and shoal packstones and grainstones as laterally extensive sheets from the 

platform interior to the platform break and peloid/bioclastic packstones on the slope.

Forced regressive systems tract (FST) (Hunt & Tucker, 1992) deposits are restricted 

to thin grainstones that were exported onto the platform break and upper slope as sea
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level fell (Section 4.6.1). Thin wackestones with a restricted biota, occasionally 

preserved in the highest parts of cyclic packages, testify to the short-lived 

development of intertidal environments immediately prior to emergence of the 

platform top.

During the lowstand systems tract (LST) (Vail et al., 1977; Sarg, 1988) the platform 

top was exposed and LST deposits were restricted to clay palaeosols. There is little 

evidence to what extent the slope was exposed during each fourth order lowstand, 

though it was exposed during at least one such low stand. Distinctive marine LST 

deposits have not been identified on the slope suggesting any production was limited 

during lowstand. The biota that formed the deposits of FA 1 are likely to have moved 

down slope during lowstand and remained productive but lack of exposure of the 

lowermost part of the slope means this remains conjectural.

The third order cycle

The fourth order sequences described above show systematic variations up through 

the studied section. Cycles tend to thin upwards in the platformal deposits of SGZ 3. 

FA 3, which represents the deposits laid down during deepest submergence of the 

platform top, are best developed in the lower part of the third order sequence and thin 

or absent in the highest fourth order sequences. This pattern is in accord with the 

model suggested by Barnett et al. (2002) whereby the third order sealevel curve 

interacts with fourth order sealevel oscillations. This model predicts longer and 

deeper flooding during the rising limb and shorter and shallower flooding during the 

falling limb of the third order sealevel change curve. The preferential availability of 

accommodation space during third order TST that this model implies may explain the 

greater development of aggradational bioherms on the platform break during this 

phase. The apparent switch from overall aggradation to progradation of the margin 

may mark the reduction of available accommodation space during late highstand and 

during the falling limb. FA 1 appears to become limited to the slope during this late 

phase. As with the fourth order sequences, export of shallow water grains to the slope 

increases during highstand and as the sealevel starts to fall.
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4.8.2 Tectonic vs. eustatic effects

The temporal variations in stacking patterns were discussed by Walkden (1987) who 

pointed out the patterns may be the result of interaction between a cyclic oscillation 

and background subsidence. Walkden (1987) concluded that high-frequency eustatic 

changes of relative sea level due to the onset of Gondwanan glaciation during the late 

Visean were a likely cause of the short-term oscillations. Gawthorpe et al. (1989) 

suggested the exposure surfaces on the platform were due to periodic footwall uplift 

associated with the Edale Fault (which lies to the north of the present study area). The 

style of fourth order cyclicity observed {cf. Read et al., 1986) and the approximately 

concurrent onset of similar cyclicity in widely separated areas {e.g. Smith & Read, 

1997, 1999; Wynn & Read, 2000; Whalen et al., 2000) supports a glacio-eustatic 

control for these cycles. Horbury (1989) discussed controls on Asbian sedimentation 

on the South Cumbrian Shelf and concluded there was both a glacio-eustatic and a 

tectonic signal. There are differences between the stacking patterns Horbury (1989) 

reports and those observed in the present study area. Substantial uplift of the South 

Cumbrian High resulted in at least 25 m of relief at the Holkerian/Asbian boundary 

whereas this surface shows much less evidence for prolonged exposure in North 

Derbyshire (Gawthorpe etal., 1989). The lowest cycles of the Bee Low Limestones 

are not exposed in the present study area but there is little evidence for thin 

grainstone-dominated cycles comparable to those reported by Horbury (1989). This 

suggests different controls on closely spaced contemporaneous platforms and supports 

Horbury’s (1989) conclusions. The presence of thick units of FA 2 in a marginal 

location whilst similar facies are only poorly developed elsewhere on the platform 

may suggest some tilting early during the Asbian. Apart from this there is little 

evidence for substantial local tectonic control of relative sealevel on the northern 

margin of the Derbyshire Platform during the early Asbian. Gawthorpe et al. (1989) 

suggested tectonic activity in this area increased from the mid Asbian up into the 

Brigantian and this may be reflected in the occurrence of thin grainstone dominated 

cycles which become more common upwards into CTR 2. These appear to record 

short-term shallow submergence punctuated by emergence that may be due to local 

footwall uplift. The breccias recorded on the slope appear to be local phenomena 

rather than the result of large-scale disturbance such as may result from activity on 

adjacent faults. Gawthorpe (1986) recorded megabreccias, from lower slope to 

basinal settings in the Bowland Basin, that appear to be the result of large scale
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margin collapse but these are mainly restricted to the late Chadian -  early Arundian 

and late Asbian (Gawthorpe, 1986, p200). Vertical variations in cycle thickness may 

be due to temporal variations in regional subsidence rate or changes in frequency or 

amplitude of glacio-eustatic sealevel changes.

4.8.3 Controls on platform geometry

The platform margin developed by aggradation and coalescence of sponge/microbial 

bioherms. The base of this bioherm complex is not exposed but the linear trends 

suggest underlying tectonic features may control their location. This led to a margin 

that, though linear on a large scale was irregular in plan on a scale of hundreds of 

metres with promontories and embayments. The ridges and knolls that characterised 

this earlier phase of aggradational margin developed during the prolonged and deeper 

submergence of the rising limb of the early Asbian third order sequence. As 

submergences became shallower and of shorter duration, up through the sequence, 

such an irregular topography did not have time to develop and was largely replaced by 

a more smoothly linear platform break and slope (Figure 4.40). Thus the 

configuration seen today is the product of the latest phases with sedimentation 

dominated by benthic suspension feeders in the lowest parts of cyclic packages and an 

increased volume of platform exported grains. The more “knoll” like parts of the 

margin -  Snells Low, Middle Hill, and perhaps Mich Low further to the east, may be 

remnants of the earlier irregular margin which survived this later blanketing 

progradational phase. These “knolls” bear similarities with the Cracoean buildups, 

such as Stebden Hill, described by Mundy (1994) - in that they developed slightly 

basinward of platform margin. By comparison with the late Visean lower to mid 

ramp mounds described by Madi et al. (1996) these bioherms developed into 

shallower water but, if these facies are controlled by hydrodynamic energy as well as 

photic levels, this may be explained by lower energy levels (and hence higher fair 

weather wave base) in the relatively sheltered interconnected basins around the 

platform.

The sponge/microbial bioherms were largely restricted to environments below fair 

weather wave base. 150 to 200m platformwards of the platform break the water 

shallowed up into a belt of bioclastic shoals. This interpretation means the slope from 

platform break to the crest of the shoals was of the order of 4 -  7°. Subsequent
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differential compaction has largely masked this configuration. Della Porta et al 

(2002) proposed a similar model for this area of a microbial boundstone dominated 

margin for the Bashkirian-Moscovian Sierra de Cuerra Platform in Northern Spain.

The lower slope is not exposed so the overall shape of the slope is impossible to 

assess but the exposed slope is linear to slightly sigmoid. The high angles attained by 

the slope (>25°) are greater than the angle of repose for such mud-rich lithologies and 

this is attributed to the large volumes of early marine cement which were precipitated 

at shallow depths within the sediment (Kenter, 1990) In the modem environment such 

cements may form effectively lithify slopes in a matter of months to years (Grammer 

et al., 1993, 1999; Harris et al., 2001). The distribution of these cements closely ties 

with the steep slope (Bingham, 1991), the volume of early marine cements present 

falls to zero tens of metres platformwards of the platform break. Adams and Schlager 

(2000) showed that slopes under ideal conditions preferentially form exponential 

curves. The departure from this form to a more sigmoidal Gaussian profile may be 

due to repeated emergence of the platform break or to the erosive effects on the upper 

slope of waves or currents.

This supports a link between the maintainance of steep syndepositional slopes at 

angles higher than the angle of repose for muddy carbonate sediment and early 

submarine cementation (Kenter, 1990). The distribution of cements depends upon the 

circulation of seawater and the occurrence of a pore system within which circulation 

can occur. Circulation may have been driven by currents impinging upon the slope, 

tidal pumping, density differentials caused by evaporation in the platform interior or 

by geothermal gradients set up within the margin. The formation of voids appears to 

occur preferentially in facies with evidence for automicrite precipitation and the link 

between microbialites and early marine cementation in the form of Stromatactis and 

stromatactoid cavities is well documented (e.g. Pratt, 1995).

4.9 Conclusions
Both microfacies analysis and assessment of the depositional geometry of the 

platform margin confirm that previous interpretations (Parkinson, 1943, 1947, 1953; 

Wolfenden, 1958; Stevenson & Gaunt, 1971) of the margin are essentially correct.

SGZ 1 was deposited upon the upper slope of the platform, SGZ 2 was deposited on
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and around a distinct platform break and SGZ 3 was deposited upon the outermost 

part of an essentially flat-topped platform.

The facies architecture of the early Asbian margin shows that an aggrading and 

coalescing complex of sponge/bryozoan/microbial bioherms developed along linear 

trends probably controlled by underlying fault lines. These bioherms flourished, in 

association with a diverse filter-feeding biota, in water depths below fair weather 

wave base and contributed the bulk of the sediment forming the slopes by largely in 

situ production.

Production on the outer platform was related to levels of light and hydrodynamic 

energy. Crinoid/brachiopod/bryozoan/foram assemblages flourished in deep subtidal 

environments. These were replaced by crinoid/palaeoberesellid/foram assemblages 

around fair weather wave base, with the palaeoberesellids largely restricted to 

sheltered areas. Koninckopora and a few robust genera of foraminifera dominated the 

shallowest, most energetic environments.

A margin parallel shoal trend developed which extends from around 150 to 800m 

platformward of the platform break. This zone contained migrating wave agitated 

banks and quieter lagoonal areas. Deposition in the former was dominated by 

bioclastic and peloidal/bioclastic grainstones whilst peloidal/bioclastic and peloidal 

packstones and grainstones were deposited in quieter areas.

The style of margin growth changed upward, from coalescing knolls and ridges into 

an aggradational linear belt and then into a more progradational phase. These trends 

were due to changes in duration of submergence and available accommodation space 

that may be linked to variations in amplitude of glacio-eustatic sealevel oscillations or 

the rate of subsidence of the platform.
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CHAPTER 5
THE DEVELOPMENT OF A CARBONATE PLATFORM MARGIN IN 

RESPONSE TO SEALEVEL VARIATIONS DRIVEN BY TECTONISM AND 

GLACIO-EUSTATACY IN THE LATE ASBIAN AND BRIGANTIAN, NORTH 

DERBYSHIRE, UK

5.1 Introduction
During the early Asbian the margin of the Derbyshire platform had developed 

substantial relief over the neighbouring basins. Carbonate production on the margin 

was both in the form of microbial deposits, on the slope and platform break, and as 

crinoid/algal shallow subtidal deposits laid down in shoals and associated lagoonal 

areas on the outermost part of the platform. The balance between these two forms of 

production was controlled by an interaction between two orders of cyclic change in 

relative sealevel that resulted in an initially aggradational geometry followed by a 

more progradational phase (Chapter 4). There is little evidence of the effects of local 

tectonism, over and above background subsidence, during the early Asbian. The 

picture is rather one of cyclic transgressions and regressions where the depth and 

duration of each episode of flooding or exposure was largely controlled by the 

position in the higher order of cyclicity.

Previous authors have documented distinct changes in sedimentation up through the 

late Asbian and the Brigantian (e.g. Stevenson & Gaunt, 1973; Aitkenhead et al.,

1985) across the platform. The trend is for more dark argillaceous limestones 

stratigraphically upwards, culminating in the deposition of the Longstone Mudstone 

Formation where limestones are reduced to thin bands in mudstones and shales. This 

trend has been interpreted as symptomatic of the platform being unable to keep pace 

with subsidence and becoming drowned (e.g. Aitkenhead et al, 1985, Gutteridge, 

1991).

The primary aims of this chapter are to document how this deepening trend affected 

the margin, how the facies architecture reflects changing conditions and how the 

geometry of the margin developed. There are several different variables that may 

have controlled the way the margin developed.
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1/ An episode of extension in the latest Asbian to earliest Brigantian (Gawthorpe et 

al., 1989; Gutteridge, 1987, 1989) may have led to an increase in rates of subsidence.

2/ Changes in fluvial input as the deltas that subsequently led to the deposition of 

Yoredale facies, further north in the Namurian, encroached from the north east may 

have led to changes in nutrient supply, turbidity or other components of sea water 

chemistry or quality. Any changes in climate or amount of uplift in source areas over 

the same period may also have resulted in changes to the composition of fluvial input 

to the basins.

3/ Changes in the layout of the platforms, shelves and intervening basins over what is 

now northern England may have resulted from tectonism and the growth of the 

platforms and shelves. This may have led to changes in the hydrodynamics and 

circulation of the basins. The depth, strength and direction of prevailing currents, 

wave energy, tidal range and degree of stratification in the basins may all have varied 

in response to changes in the pnysical geography.

4/ Palaeogeographic change on a global scale may also have changed local 

oceanography. It has been hypothesised that the circum-equatorial seaway separating 

Laurussia from Gondwana may have closed at around this time (e.g. Ziegler, 1985; 

Mii, 1999). It would seem likely that the shut down or re-routing of major ocean 

currents that must have accompanied this event affected the basins of northern 

England.

5/ In Chapter Four it was shown that the architecture of the margin was largely 

controlled by an interaction between two orders of cyclic sealevel change. The most 

likely control for these cycles was glacio-eustatic changes driven by the onset of 

glaciation. These glaciers continued to grow in extent through the late Visean, and 

increases in amplitude of sealevel change appear to have accompanied their growth. 

The increase in amplitude of sealevel change may have made each flooding event 

deeper, especially on the rising limb of third order sequences, and made drowning of 

the platform more likely.
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6/ The Asbian/Brigantian boundary is marked by a turnover in biota. These changes 

in carbonate-producing communities may have led to variations in the style and 

location of major sites of carbonate production.

These are important issues as major petroleum reservoirs are hosted in carbonate 

platforms of similar age and type in the Pricaspian Basin and the results of this study 

may prove to be applicable to fine-scale reservoir characterisation.

In the following account, as in Chapter Four, the term “margin” is used to denote the 

entire system forming the boundary between basin and platform and encompasses the 

slope, platform break and outermost platform. These terms are used in their sense as 

topographical descriptors only; they are not used with any precise environmental 

connotations. So “slope” is used to denote that area of the margin where 

syndepositional slopes dipped steeply basinward, “outer platform” denotes the part of 

the platform where syndepositional dips were level or low angle and where the effects 

of proximity to the basin might be expected to be found. In practise this has been 

limited to the area within 2 km of the slope, “platform break” is that point of the 

margin profile where syndepositional dips changed abruptly from level to steeply 

basinward.

5.2 Stratigraphy
This study is limited in its extent to the upper Asbian and Brigantian of the northern 

margin of the Derbyshire Platform. The section present ranges from the Miller’s Dale 

Limestones Member of the Bee Low Limestones Formation to the Monsal Dale 

Limestones Formation (as defined by Aitkenhead & Chisholm, 1982) (Figure 5.1). 

Late Brigantian deposits of the Eyam Limestones Formation are also present in 

Bradwell Dale (Stevenson & Gaunt, 1975) but it is unclear where these were situated 

with respect to the margin and have not been examined in detail.

The overall stratigraphy of the Derbyshire Platform was described in Chapter Two. 

The stratigraphy of the northern margin from the upper Asbian to the upper 

Brigantian, along with the conclusions of earlier authors, is shown in Figure 5 . 1 . 

Previous biostratigraphical studies of the northern margin are based upon 

coral/brachiopod or ammonoid zones. The equivalence of these zones to the
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stratigraphy of George et al. (1976) is shown in Figure 5.2. The conclusions of these 

earlier studies are summarised briefly below using the lithostratigraphic nomenclature 

of each author.

Bradwel}

Shirley and Horsfield (1940) recognised that the “Chee Tor Limestones” and 

“Miller’s Dale Limestones” were of D1 age and that the overlying bedded limestones 

could be assigned to the D2 subzone. The “reef knoll” facies occurring on the edges 

of the platform they named the “Castleton Limestones” and, on the basis of the 

goniatite fauna, concluded they were of B2 age. Their interpretation of the 

relationship between the Castleton Limestones and the bedded limestones led them to 

the erroneous conclusion that the B2 deposits lay unconformably upon the D2 units. 

Units assigned to the P Zone, present between the Castleton Limestones and the 

overlying Edale Shales, were named as the “Nunlow Limestones”.
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Figure 5.3 Sketch geological map o f  the northern margin o f  the Derbyshire carbonate platform, 

showing approximate outcrop o f  main formations and members, and main locations described in text.

156



Parkinson (1943, 1947 & 1953) concluded the platformal facies (SGZ 3 of Chapter 

Four) in the Castleton area could be placed in the mid to upper D1 subzone whilst 

units on the slope (SGZ 1 & 2) were from the B2 ammonoid subzone. He also 

concluded that the “Beach Beds”, crinoid/brachiopod rudstones exposed at the foot of 

Treak Cliff, were of low D2 age. The Nunlow Limestones were placed within the P lb 

subzone.

Eden et al (1964) published a detailed study of the area around Pindale and 

concluded that the lower part of the level bedded (“back reef’) section consists of 

units in the upper part of the D1 subzone and these are overlain by units of D2 age. 

The equivalent marginal part of the section (“apron reef’) they placed as ranging from 

B2 toPlb.

Stevenson and Gaunt (1971) placed the “Miller’s Dale Limestone Beds” in the upper 

part of the D1 subzone, the “Monsal Dale Beds” in the D2 subzone and the Eyam 

Limestones and the Beach Beds in the P2 subzone.

In the rest of this chapter the lithostratigraphic nomenclature of Aitkenhead and 

Chisholm (1982) is used. This follows the previous authors in placing the boundary 

between the Millers Dale Limestones Member and the overlying Monsal Dale 

Limestones Formation at the base of a unit of dark limestones distinguished by the 

presence of oncoids composed largely of encrustations of Girvanella tubules -  the 

Lower Girvanella Band. This horizon has been shown to be at, or close to, the 

boundary between the Pla and Plb ammonoid subzones and the D1 and D2 

coral/brachiopod subzones (Shirley & Horsfield, 1940; Eden et al., 1964; Stevenson 

& Gaunt, 1971). These subzone boundaries are closely equivalent to the 

Asbian/Brigantian stage boundary (Riley, 1993).

As a part of the microfacies study undertaken here, foraminifera and algae were 

identified to generic level. The results of this, with respect to biostratigraphy, are 

discussed later in Section 5.7.
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5.3 Locations and correlations
This study is restricted to the Miller’s Dale Limestones Member of the Bee Low 

Limestones Formation and the Monsal Dale Limestones Formation where these are 

exposed close to the northern margin of the Derbyshire Platform. Field observations 

and follow-up microfacies study were carried out in locations from Winnats Pass to 

Hope Cement Works Quarry (Hope Quarry hereafter) (Figure 5.3). These include the 

highest parts of Winnats Pass and Cavedale (above the Cavedale Lava), part of 

Michill Bank and the eastern side of Pindale. The western side of Pindale is much 

disrupted by faulting and mineralisation and consequently was not studied.

Information about deposits on the slope was gathered from Lower and Upper Jack 

Bank Quarries and from the site of the new Hope Quarry crusher plant (Figure 5.4). 

Lower Jack Bank Quarry is now extensively grown over and has, at some point since 

it was described by Stevenson and Gaunt (1971), been treated with shotcrete, 

presumably to stabilise the old faces. Despite these difficulties some logging and 

sampling was accomplished. The old Nunlow Quarry (Figure 5.4), as described by 

Jackson (1925), Feamsides and Templeman (1932) and Eden et al. (1964), is now 

almost completely covered by tipped quarry waste, except for a small exposure on the 

haul road up to the present quarry. From their description this exposure appears to be 

that described as Location 19 by Eden et al. (1964, p91). Hope Quarry itself provides 

superb exposures of a section, over a kilometre long, orthogonal to the strike of the 

margin. The exposed section is over 90m thick and includes almost the entire Miller’s 

Dale Limestones Member and most of the Monsal Dale Limestones Formation.

In addition to surface exposures, subsurface information is available in the form of the 

published account (Feamsides & Templeman, 1932), and samples and logs held by 

the BGS, of a borehole put down in 1927 at Hope Cement Works for the supply of 

water to the works. Blue Circle Cement Ltd also made available the logs of a series 

of exploratory boreholes put down in the area of the quarry (Appendix 6). Whilst 

these have proven of some use, the level of description in these logs is insufficient to 

draw many accurate conclusions about lithofacies distribution. Their value lies 

chiefly in correlating marker bands. Eden et al. (1964) published records of earlier
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boreholes in which the level of useful description is better, and provided some 

stratigraphic control based on coral/brachiopod and ammonoid biostratigraphy. These 

have all been compiled to produce a number of cross-sections through the area 

(Appendix 6) showing the gross stratal geometry and have been used, as far is 

possible, to identify major sedimentological cycles. This information is shown in 

Figure 5.5, which displays a generalised section through the area around Hope 

Quarry.

A prominent feature of these cross-sections is the presence of several volcaniclastic 

units and a basalt referred to here as the Bradwell Moor Basalt. The volcaniclastic 

deposits are laterally extensive and may be traced between boreholes. In the area 

south and east of Pindale they are of substantial thickness, and one borehole (TS2/61, 

see Appendix 6 and Eden et al., 1964) that penetrated to the limestone below showed 

at least 42m of tuffs and ashes with some limestone clasts. The tuffs have been 

numbered from the lowest known in this area as Tuffs 1 to 6 and, where seen exposed, 

correspond in character to facies 6b as described in Chapter Four.

The thickest accumulations (the “Tuff Cones” of Eden et al., 1964 & Stevenson & 

Gaunt, 1971) may represent the amalgamated deposits of Tuffs 2, 3 and 4, with the 

interbedded limestones wedging out against the flanks of a thick volcaniclastic 

deposit. The Pindale Tuff and new Hope Crusher Tuff (see Section 4.2.3) are 

correlated with this thick accumulation. The exact correlation of the Cavedale Lava 

or the Lower Millers Dale Lava with Tuff 2, 3 or 4 is impossible to determine. For 

the sake of clarity the horizon of the Bradwell Moor Basalt, at the base of Tuff 2, is 

taken here as equivalent to the base of the Cavedale Lava (Figure 5 .6) and is therefore 

the base of the Millers Dale Limestones Member. The assumption is that these 

volcanic horizons all represent the products of an episode of increased volcanic 

activity which spanned several cycles of sea-level change, as evidenced by the 

intercalated limestones in the Hope Quarry section. Tuff 5, in Hope Quarry, is 

correlated with the thin ash band in Nunlow Quarry (Jackson, 1925; Fearnsides & 

Templeman, 1932; and Eden et al., 1964) and that recorded in the Pindale borehole 

(Pindale no. 2, Appendix 6 & Eden et al. 1964). Further west, the ash band exposed 

in the southwest of Cavedale above the main lava is also correlated with Tuff 5
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(Figures 5.6 & 4.4). Tuff 6 is a thin, pyritous, clay horizon exposed in Hope Quarry 

that is not laterally extensive.

Apart from these volcanic horizons, two other forms of marker horizons were used to 

correlate between boreholes. Distinctive bands of limestone very rich in large entire 

brachiopods appear to persist over hundreds of metres, an observation backed up by 

the exposure of one such band within the working area of Hope Quarry. There are 

two main bands, the lower is the Lower Productid Band and the higher is the Upper 

Productid Band. Other brachiopod-rich horizons were traced through adjacent 

boreholes but were not correlatable over long distances.

The other principal marker horizon is the Girvcmella Band mentioned above. This 

unit is reported in the majority of the borehole logs, was located within the working 

area of Hope Quarry and was located in the Pindale section by Eden et a l (1964).

The latter authors published a diagram (Eden et a l 1964, Figure 2, p80) showing two 

Girvanella Bands, the lower being at the boundary between the Miller’s Dale 

Limestones Member and another at a higher level. Only one band rich in Girvanella 

oncoids is recorded on the all the borehole records available to this study and only one 

horizon was found in the field. It seems likely that some revision of the stratigraphic 

model presented by Eden et al (1964) is required.

At least one laterally extensive horizon rich in distinctive colonial corals 

(Lithostrotion, Syringopora and Siphonodendron) was observed within Hope Quarry. 

However, it proved impossible to locate this horizon in the borehole records.

Cycle boundaries relating to changes in sealevel are difficult to pick in the borehole 

records where limestone textures or features relating to karstification or pedogenesis 

are only rarely recorded. In that part of the section where borehole records are the 

only data available the section is divided into subsections bounded by the tuffs. In the 

higher part of the section, especially in the Monsal Dale Limestones Formation, tuffs 

or clays marking exposure surfaces are rarer. In these areas cycle boundaries are 

interpreted from characteristic changes in lithological character. From the base of the
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Abbreviations; WP - Winnats Pass; CLN - Cow Low Nick; CD - Cavedale; PD - Pindale; LJB - Lower Jack Bank Quarry;
UJB - Upper Jack Bank Quarry; NHC - new Hope crusher plant; CL - Cavedale Lava; PT - Pindale Tuff; JBT - Lower Jack Bank Tuff; 
HCT - Hope Crusher Tuff; MDL - Millers Dale Limestones Member; CTR - Chee Tor Rock Member; Pindale section based in part 
on borehole logs of EQ7 and Pindale No. 2 in Eden et al., (1964).

See Figure 5.3 for location of sections

2 Figure 5.6 Generalized vertical sections through the main locations on the northern margin of the Derbyshire Platform with correlations



Miller’s Dale Limestone Member to the base of the Girvanella Band eight cycles are 

identified with confidence and these are labelled here as UA1 to UA8 (Figure 5.7). 

Cycle UA3 may contain within it other cycles. The upper part of UA8 is impossible 

to access within Hope Quarry and the log of this part of the section in Pindale given in 

Gawthorpe and Gutteridge (1990) shows another thin cycle, bounded by palaeokarstic 

surfaces, below the Girvanella Band. Overall, this suggests at least eight, and 

possibly up to twelve, sedimentary cycles are preserved in the Millers Dale 

Limestones Formation in this district.

Above the Girvanella Band, in the Monsal Dale Limestones Formation, six 

sedimentary cycles are identified and labelled B1 to B6 (Figure 5.7). As with the 

lower part of the section, other, cryptic, sub-cycles may be present. This part of the 

section is missing or poorly exposed west of the Dirtlow Rake Fault, which runs 

through Pindale.

The dark, chert-rich limestones exposed high on the southern slopes of Cavedale were 

identified as being of D2 (Brigantian) age by Parkinson (1945). The lowest 

occurrence of chert in Hope Quarry is above the Girvanella Band but chert nodules 

were also recorded within D1 (Asbian) limestones in the Pindale No. 2 borehole 

(Eden et al., 1964). These chert-rich horizons cannot be correlated and, without the 

identification of a reliable marker horizon or more detailed biostratigraphy, the issue 

of whether these beds are uppermost Asbian or lowermost Brigantian must be 

regarded as unclear. If they are Brigantian, and part of the Monsal Dale Limestones 

Formation, then the Miller’s Dale Limestones Member must thin considerably 

westwards across the Dirtlow Rake Fault. If they are Asbian then a facies change 

from east to west is implied.

The units that make up the highest parts of the southern and eastern slopes of Winnats 

Pass are interpreted here as being part of the Miller’s Dale Limestone Member.
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M o u n d  In B 5

Girvanella B a n d M o u n d  in B2 Borehole HQ 8/73

B 6

I iZ

Iron s ta in in g  c a u s e d  b y  o x id a t io n  o f  p y r ite  in c l a y  b a n d

Figure 5.7 Photopanorama of the southwestern faces of Hope Quarry with generalised vertical section of the known sequence from both 
borehole records and exposure within the quarry.
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5.4 Lithofacies - descriptions and interpretations
Many of the lithofacies encountered in this part of the section are similar to those 

encountered, and described in the Chee Tor Rock Member (Section 4.4). These will 

not be described again in detail but any changes, and particularly the microbiota, will 

be noted in brief. Interpretations are given for those lithofacies which are described 

for the first time here and where any change is noted from the interpretations 

previously given (Section 4.4).

5.4.1 Bioclastic and peloid/bioclastic grainstones 

la Well-sorted and well-rounded bioclastic grainstones

The fabric and main allochems are as described in Chapter Four. Also sparsely 

present are superficial ooids. These take the form of peloids or rounded bioclastic 

fragments with a thin radial coating of calcite and are 0.25 to 0.5mm in diameter 

Figure 5.9 A & B). In the examples of this lithofacies examined a wider range of 

foraminifera were observed. Endothyrid genera include Endothyra, Globoendothyra, 

Omphalotis, Banffella, Priscella, Endothyranopsis and Eostaffella. Mono-layered 

palaeotextularids and archaediscids are also present. Koninckopora is present, but 

less common than in the Chee Tor Rock Member. Epimastopora fragments are 

present and may be abundant in some specimens. Abraded fragments of Ungdarella 

and Fasciella are rarely present.

lb Moderate to poorly sorted bioclastic grainstone

The fabric and main allochems are as described in Chapter Four. Superficial ooids are 

present in very low abundance The foraminiferal genera commonly observed are 

Earlandia, Gigasbia, Endothyra, Globoendothyra, Omphalotis, Endothyranopsis and 

Tetrataxis along with archaediscids and both bi-layered and mono-layered 

palaeotextularids. Also present but less common are Tuberitina, Eoendothyra, 

Banffella and Globivalvulina. Koninckopora is rare whilst Epimastopora, Kamaena, 

Ungdarella and Fasciella all occur sparsely.
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1a C S A R 0 0 S A R S S 0 0 0 0.5-3

1b R S A S S 0 C A R C S R 0 O 0.3-2

1c R A C C S R C S R S R R 0 0 0.3-1.5
grainstones 1d R A S C S 0 C A R C S R 0 0 0.3-1.5

1e 0 R 0 0 R 0 S A R C 0 0 0 0 0.3-1

1f 0 R S S S 0 S A A C S R S C 0.15-3

ig 0 S S S O S A C S A C 0 A S 0.15-0.4

igi 0 S 0 R R 0 R A R A C 0 0 0 0.2-1

1h 0 S 0 0 0 A R S S S 0 0 0 0 0.1-0.3

2a 0 A 0 S S O S S R S o R 0 0 0.3-1.5

2b 0 A R C R 0 S C C C s S 0 0 0.3-1.5

2c 0 \ \ \ \ \ \ \ \ \ \ \ \ \ \
packstones 2d 0 A S c S 0 S A C C s S R R 0.2-10

2e 0 R 0 c s 0 A A c c s R 0 0 0.2-1

2e(g) 0 R 0 c s c A A c c s R 0 0 0.2-1

2f 0 R 0 A s 0 S C s c s R 0 0 0.3-1

2f(b) 0 R 0 A s o S C s A s R O 0 0.3-1

2g 0 C 0 0 o A R S 0 R 0 0 O 0 0.2-0.4

2h 0 R 0 R 0 O R A A C o 0 S A 0.2-0.3

3/4a 0 \ \ \ \ \ \ \ \ \ \ \ \ \ \

3/4b 0 S 0 S R R S C c s s S 0 s 0.2-2
mudstones 3/4c 0 S 0 R R R R c c c s s c A 0.5-8
and wackestones 3/4d 0 R 0 0 0 R S c A c s 0 c A 0.5-8

3/4e 0 R 0 0 R R S c C s s o c A 0.5-8

5a 0 R 0 0 O O O c C c s s s A 0.1-1
breccias 5b 0 R o R R 0 S A C c c s 0 0 1-2

5c 0 \ \ \ \ \ \ \ \ \ \ \ \ \ >10m

7a 0 \ \ \ \ \ \ \ \ \ \ \ \ \ 0.005-0.02
siliciclastic facies 7b 0 \ \ \ \ \ \ X X X 0 0 0 0 0.005-0.05

Table 5.1. Relative abundances of the principal allochems in each of the lithofacies defined in the Miller’s 
Dale Limestones Member and the Monsal Dale Limestones Formation. O = absent; R = rare; S = sparse; C 
= common; A = abundant.
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lc Well-sorted peloid/bioclastic grainstone

The fabric and main allochems are as described in Chapter Four. Rare superficial 

ooids as described above occur. Commonly observed foraminifera are Earlandia, 

Gigasbia, Endothyra, Globoendothyra, Omphalotis, Banffella, Priscella, 

Endothyranopsis and Eostaffella. Less common are Tuberitina, Eoendothyra, 

Tetrataxis, Forschia and Saccaminopsis, along with archaediscids and mono-layered 

palaeotextularids. Koninckopora occurs rarely but Epimastopora was not observed in 

this lithofacies. Kamaena and Kamaenella are common, Ungdarella occurs sparsely, 

and stacheiinids, Fasciella and Girvanella are present but rare.

Id Moderately to poorly sorted peloid/bioclastic grainstone

The fabric and main allochems are as described in Chapter Four (Figure 5.9 C). Rare 

superficial ooids were observed in only one sample. Commonly occurring 

foraminifera are Earlandia, Gigasbia, Endothyra, Endothyranopsis, Tetrataxis and 

archaediscids. Less common are Tuberitina, Eoendothyra, Globoendothyra, 

Omphalotis, Banffella, Priscella, Bradyina, Forschia, Globivalvulina and both bi

layered and mono-layered palaeotextularids.

Koninckopora occurs rarely, Epimastopora, Ungdarella, Stacheiinids and Fasciella 

are sparse, whilst Kamaena and Kamaenella are common. The lithistid sponge 

Haplistion, seen in this facies in the Chee Tor Rock Member, was not observed in the 

Millers Dale Limestones Member or the Monsal Dale Limestones Formation.

le Crinoid grainstone to rudstone.

The fabric and main allochems are mainly as described in Chapter Four. Larger 

fragments of crinoid columnal, up to 30mm long, have been observed, though most 

are in the range between 0.25 to 8mm. Foraminifera are generally sparse, the 

commonest being Tetrataxis, with Endothyra, Gigasbia and mono-layered 

Palaeotextularids also present. Rare fragments of Ungdarella are present.

Facies If Crinoid/Intraclast/Bryozoan/Brachiopod Rudstone

Facies If is distinguished from Facies le mainly in the larger component of mudstone 

or wackestone intraclasts. Facies If  is a coarse rudstone (Figure 5.8 E, F & G) in 

which the main allochems are large crinoid fragments (2 to 50 mm, c.20%), sub- 

angular intraclasts of facies 3/4b and facies 3/4c (2 to 30mm, c. 30%), fenestrate
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bryozoan thalli and hash up to fragments 15mm across (up to 10%) and brachiopod 

valves and spines (up to 5%). The remainder of the allochems are smaller fragments 

of the above, along with sparse foraminifera (.Endothyra, Tetrataxis and mono-layered 

palaeotextularids), fragments of Epimastopora, Kamaena, ramose bryozoa and 

unidentifiable bioclastic debris. Whilst many of the crinoid columnals are broken and 

brachiopod valves are mainly disarticulated, the degree of abrasion is slight. The 

majority of the bioclasts have suffered little or no endolithic micritisation. The 

intergranular space is infilled by syntaxial calcite cement upon echinoderm clasts, 

drusy calcite spar, along with some micrite, microspar and calcareous silt. The 

texture of this facies is generally chaotic in detail, though some of the largest crinoid 

columnals show a limited preferential orientation parallel to syndepositional dip. This 

facies occurs with two main forms of bedding, either as laterally extensive sheets, 

from 15cm to lm thick, which often show some fining upwards, or as wedges and 

lenses draping the flanks of fine-grained, mounded features. The latter form vary in 

size proportionally to the size of the overall mound and may range from a metre up to 

several metres and are essentially massive with little internal layering.

Interpretation -  facies I f

The lack of extensive endolithic micritisation and paucity of chlorophytes suggest a 

dysphotic setting. A low energy setting is suggested by the large size of many of the

Figure 5.8 (following page) Polished slabs o f  som e late Asbian/early Brigantian lithofacies. A: Facies 

3 c, automicritic wackestone rich in large fenestrate bryozoa and with stromatactoid cement filled cavity. 

From core o f small mound feature in B2. B: Same sample as A  above, showing fenestrate bryozoan.

C: Facies 3d, autobrecciated automicrite from core o f  large mound in B2. Micritic clasts are rimmed 

with thin isopachous RFC cements and the remaining space is filled  with blocky calcite spar. D: Facies 

4e, core facies from mound in B5. Automicritic mudstone mottled in centimetre scale discontinuous 

layers. White areas are replacive chert. E: Facies If, proximal flank units from large mound in B2, rich 

in very poorly sorted bryozoan/crinoid debris up to several centimetres in size and with numerous 

automicrite intraclasts. F: Facies l r, flank unit, 50m  from large mound in B2. Coarse 

crinoid/bryozoan/intraclastic rudstone. G: Facies If. Storm deposit c. 200m  from large mound in B2. 

Coarse sand sized bryozoan/crinoid debris with large crinoid columnals, brachiopods and laminated 

automicritic intraclasts. H: Facies lg , brachiopod/crinoid rudstone with isopachous rims o f RFC cement 

upon the fragments o f brachiopod valve. A ll scale bars are 1cm.
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bioclasts and lack of abrasion. In contrast to these conclusions is the chaotic texture 

and abundance of fine-grained intraclasts. The disposition of these units adjacent to 

mounds with fine grained cores (see facies 3/4c, d, e below) suggests deposition as a 

result of transport of the crinoids, bryozoa and brachiopods from thickets on the top 

and the flanks of mounds (c.f. Gutteridge, 1995; Wendt et a l , 2001, Bridges & 

Chapman, 1988; Lees & Miller, 1995). The presence of intraclasts of facies found 

within the core suggests substantial disaggregation of the mounds and the effects of 

storm waves or surges are suggested. This is supported by the fact that more laterally 

extensive units, with similar allochems and texture but with a fining-up texture, may 

be traced into the flanks of mounds. These deposits are interpreted to be the result of 

production in crinoid/bryozoan/brachiopod thickets which is then subsequently 

redistributed, along with intraclasts, by storm waves or surges. The water depth is 

interpreted to be 10 to 20m.

Facies lg Brachiopod grainstone/rudstone

Facies lg is a very-poorly sorted coarse grainstone or rudstone (grain size 0.25 to 

6mm) that is rich in shingled fragments of brachiopod valves and spines (Figures 5 .8 

H & 5.9 E). In addition to the brachiopods, the main allochems are crinoid columnals, 

peloids, unidentifiable bioclastic fragments and abundant foraminifera (Tetrataxis, 

Endothyra, Eoendothyra, Globoendothyra, Omphalotis, Earlandia, Gigasbia, 

Diplosphaerinna, Forschia and archaediscids). Algae are only sparse but fragments 

of Epimastopora and Kamaena are present, as are well-preserved clots of Girvanella. 

The degree of endolithic micritisation is variable, but is extensive on many of the 

smaller bioclasts. Isopachous fringes of RFC cement are present on the brachiopod 

valves, as are coatings of dark micro-peloidal automicrite, as previously described 

(Section 4.4.3). The remaining intergranular space is infilled with drusy calcite 

cement along with minor quantities of micrite and calcareous silt. This facies 

occurred in only one sample where it was in well-bedded units 15 to 40 cm thick.

Interpretation -  facies lg

The main component of this facies is the shingled fragments of brachiopod valve.

This, along with the clean, grainstone/rudstone texture is suggestive of current or 

wave action, winnowing the sediment and leading to the preferential hydrodynamic 

accumulation of the valves. The relatively large size of the valves is perhaps more
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indicative of current action than repeated reworking by waves above fair weather 

wave base. The valves have suffered little endolithic micritisation suggesting 

deposition in dysphotic conditions, or rapid burial. In contrast to this is the presence 

of peloids and micritised bioclasts that have perhaps been imported from a shallower 

lagoonal or shoal area. The foraminiferal and algal genera present indicate derivation 

from environments above and around fair weather wave base (Gallagher, 1998). The 

thick constructive automicritic coatings are probably the calcified remains of 

microbial biofilms. Whilst these are not indicative of any particular depth, in the 

Chee Tor Rock Member part of the section such coatings were most common in facies 

interpreted as being deposited in dysphotic conditions below fair weather wave, in 

depths greater than 20m (Section 4.4.1 facies 3/4c; Riding, 2000; Perry, 1999). The 

presence of RFC cements is interpreted as indicating water circulation through the 

sediment, perhaps associated with the currents that winnowed the sediment. These 

deposits represent the deposition of bioclastic coquinas in a relatively deep but current 

swept area.

Facies lgi Abraded brachiopod/crinoid rudstone

This facies is moderately to poorly sorted rudstone (grains size from 0.5 to 32mm) 

composed predominantly of well-rounded fragments of brachiopod valve along with 

echinoderms, productid spines and molluscan valves (Figure 5.9 H). Peloids and 

sand-sized micritised bioclastic grains occur sparsely, foraminifera (endothyrids, 

archaediscids, Earlandia and Tetrataxis) are rare or absent and the only algae present

Figure 5.9 (following page) A: Facies la , b ioclastic grainstone with Epim astopora  (Ep). Micritic 

pore-bridging cement in parts, possibly subsequently leached. Hope Quarry B: Detail o f  above 

showing endothyrid foraminifera (E), micritised and abraded foraminifera (E’) and superficial ooids 

(O). Hope Quarry C: Facies Id, grainstone with numerous peloids also gastropod (G) and brachiopod 

valve (B). Hope Quarry D: Volcaniclastic lapillae in crinoid rich grainstone. N ew  Hope Crusher 

plant. E: Facies lg , rounded fragments o f brachiopod in matrix o f  dusty RFC cement. Hope Quarry 

F: Facies lh , grainstone with numerous clots o f  well-preserved G irvanella  tubules. Lower Jack Bank 

Quarry G: Facies 2g, packstone with numerous clots o f  well-preserved Girvanella. Lower Jack Bank 

Quarry H: Facies lg i, "Beach Beds” - a rudstone com posed o f  abraded brachiopod valves with 

syntaxial and drusy calcite cement. Acetate peel, M ich Low. A ll scale bars are 0.5mm except E and 

H which are 1mm.
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are rare fragments of Kamaena and Ungdarella. Some endolithic micritisation of the 

bioclasts is present but generally predates, and is truncated by, abrasion. In some 

samples many of the bioclasts have a thin fringing coat of calcite spar. The 

intergranular space is infilled by syntaxial overgrowths and drusy calcite spar along 

with minor quantities of micrite, calcareous silt and microspar. Signs of post- 

depositional compaction are common in the form of fracturing of bioclasts. This is 

most commonly seen in brachiopod valves and spines. At exposure some imbrication 

of the brachiopod valves can be discerned. This facies occurs in beds between 20cm 

and lm thick. These beds are found banked against the base of the exposed upper 

slope with syndepositional dips up to 20 degrees.

Interpretation -  facies lgi

The low abundance of foraminifera and almost complete absence of phototrophic 

organisms suggests this facies was deposited in dysphotic conditions. The very low 

volumes of sedimentary fines and the degree of abrasion are interpreted as indicating 

a high energy environment with high degree of winnowing and transport of the 

allochems. The high syndepositional dips, poor sorting, lack of any cross-bedding, 

coarse grain size and imbrication are all taken to indicate the effects of unidirectional 

flow rather than wave-working. This facies is interpreted as having been deposited in 

a deep subtidal environment wherein allochems from shallower environments were 

imported and then winnowed and reworked by strong, unidirectional currents.

Facies lh Girvanella grainstone

Facies lh is a fine to medium grained, well-sorted, grainstone, with grains ranging in 

size from 0.25 to 1mm and being generally well-rounded (Figure 5.9 F). A large 

proportion of the allochems are fragments of Girvanella. These are composed of 

dark, dense micrite with a network of numerous micritic tubules. Also sparsely 

present are peloids, molluscan fragments, echinoderms and brachiopod valves. 

Foraminifera are sparse, examples of Endothyra, Pseudoammodiscus, Gigasbia, 

Globoendothyra, Bradyina and archaediscids were seen. Kamaena occurs rarely. 

Micritisation of the bioclasts is variable and some appear to have been abraded 

subsequent to micritisation.
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Intergranular space is infilled by syntaxial overgrowths upon the echinoderms and 

coarse blocky calcite spar, along with some micrite, calcareous silt and microspar.

This facies occurs in well-bedded units between 10 and 30cm thick.

Interpretation -  facies lh

This facies is best interpreted in conjunction with Facies 2g {Girvanella Packstone -  

Section 5.4.2) as the two facies occur in association, with the packstones passing 

upwards into the grainstones.

The well-sorted, well-rounded grainstone texture indicates some winnowing and 

reworking. The other allochems are typical of open-marine lagoonal facies 

(Gallagher, 1998) and the absence of Koninckopora or Epimastopora suggests these 

grains were derived from a low-energy environment. The presence of these 

grainstones above packstones with a similar restricted biota would appear to support 

an interpretation where these grainstones formed primarily by the accumulation of 

grains derived from an area dominated by Girvanella. Though Girvanella may occur 

in wide range of depths and environments (Riding, 1975, this may have been a lagoon 

with restricted circulation and a relatively low diversity {c.f Riding, 1977c). The 

unusually common occurrence of Girvanella may reflect increased nutrient supply -  

either as upwelling or via airborne dust (Soreghan & Soreghan, 2002). The 

subsequent disaggregation and transport of the Girvanella implies a rising degree of 

wave energy, reworking the sediment. This facies is interpreted to have formed above 

fair weather wave base in depths of less than 10m.

5.4.2 Packstones

2a Fine and well-sorted peloid/bioclastic packstone

The fabric and main allochems are as described in Chapter Four. Endothyranopsis 

was not observed but archaediscids and mono-layered palaeotextularids are present. 

Neither Koninckopora nor Epimastopora were found.

2b Peloid/bioclastic packstone with large bioclasts up to entire macrofossils.

The fabric and main allochems are as described in Chapter Four. The foraminiferal 

fauna present is sparse but diverse and includes Earlandia, Gigasbia, Endothyra, 

Omphalotis, Bradyina, Endothyranopsis, Eoendothyra, Banffella, Priscella,
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Eostaffella, Tetrataxis, Howchinia, Forschia, Globivalvulina, Tuberitina, 

archaediscids and mono-layered palaeotextularids. Koninckopora, Ungdarella, and 

stacheiinids occur only rarely whilst Kamaena and Kamaenella are more common.

2c Peloid/bioclastic packstone with large bioclasts up to entire macrofossils

and minor RFC cements.

No examples of facies 2c were found

2d Coarse crinoid/brachiopod packstone

The fabric and main allochems are as described in Chapter Four except levels of 

abrasion are generally higher. Foraminifera occur only sparsely but are diverse (most 

common are, Earlandia, Endothyra, Globoendothyra, Tuberitina and archaediscids 

whilst Gigasbia, Diplosphaerinna, Omphalotis, Bradyina, Eostaffella, Tetrataxis, 

Howchinia, Saccaminopsis and mono-layered palaeotextularids are less common). 

Koninckopora is not seen but Epimastopora and Fasciella occur sparsely. Kamaena, 

Kamaenella and Ungdarella are common allochems. In this part of the section this 

facies occurs in two bedding styles. The first is as fining-upward lags above cycle 

boundaries that may be between 20 and 50 cm in thickness, directly comparable to 

that previously described from Eldon Hill Quarry (Section 4.6.3). The second, in one 

example in Hope Quarry, is as a laterally extensive unit up to several metres thick 

with both upper and lower boundaries grading into finer grained limestones. These 

beds may be traced laterally down large-scale foresets, often picked out by chert 

bands into thinner beds of Facies 2e or 2f.

Interpretation - facies 2d

Where this facies occurs as fining upward lags at the base of cycles it is interpreted as 

being a bioclastic deposit resulting from the colonisation of the seafloor immediately 

following transgression. Dysphotic, low-energy conditions are indicated and this 

leads to the conclusion that the transgression was rapid and of high amplitude.

The other bedding style is more problematic. The mud-rich texture suggests a low- 

energy environment in dysphotic conditions. The presence of foresets laterally 

passing into fine-grained deposits, interpreted as having formed below or around fair 

weather base, suggests a slightly shallower setting. The presence of Epimastopora 

along with palaeoberesellids and Ungdarella supports a setting in lower euphotic
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conditions around or above fair weather wave base (Gallagher, 1998). These deposits 

are interpreted as having formed on mud-rich banks of bioclastic debris in depths of 

around 10m that accreted laterally.

2e Palaeoberesellid/foram/crinoid packstone

The fabric and main allochems are as described in Chapter Four, except that a sub

facies - facies 2e(g) - is defined on the basis of distinctive allochems present and is 

described below. These packstones contain a diverse biota of foraminifera and algae 

(Figure 5.10 B, C, D & F). The foraminifera observed to be present are common 

Earlandia, Gigasbia, Tuberitina, Endothyra, Eoendothyra, Omphalotis, 

Globoendothyra, Banffella, Priscella, Endothyranopsis, Eostaffella, archaediscids, bi

layered and mono-layered palaeotextularids, Tetrataxis, Forschia and Globivalvulina, 

less common are Diplosphaerinna, Bradyina, Howchinia, Janischewskinal, Nevillella 

and Saccaminopsis. Algae and problematica observed to be present include abundant 

to common Kamaena, Kamaenella and Ungdarella, sparse stacheiinids and Fasciella, 

and rare examples of Koninckopora. Epimastopora was not observed in any sample.

Facies 2e(g) Palaeoberesellid/foram/crinoid packstone with Girvanella oncoids

Facies 2e(g) is the facies that composes the Girvanella Band. In addition to the 

components previously described are dark, dense, rounded to sub-rounded oncoids 

(Figure 5.11 A, B, C & D). The observed examples ranged between 1 and 8cm 

across. The larger examples tend to be flattened whilst the smaller ones are often

Figure 5.10 (following page) A: “Beach Beds” Winnats Pass, crinoid grainstone with small fragments 

of brachiopod valve. B: Facies 2e, coarse packstone with fragments of palaeoberesellids -  Kamaena 

(K) -  and foraminifera -  archaediscid (Ar) and E ndothyranopsis  (Ent).Hope Quarry. C: Facies 2e with 

large fragment of Ungdarella (U) and foraminifera -  monolaminar palaeotextularid (Pt), Endothryra 

(E), Howchinia (H) and Earlandia  (Ea). Hope Quarry. D: Facies 2e with fragment of Ungdarella (U). 

Hope Quarry. E: Facies 2f, Palaeoberesellid packstone with fragments of Kam aena  (K), and 

Kamaenella (Kl). Hope Quarry. F: Facies 2e, Packstone with corroded crinoid columnal and 

Tetrataxis (T). Hope Quarry. G: Finely acicular marine cement fringe, Small mound in B2, Hope 

Quarry. H: Micro-peloidal micrite on unmicritised crinoid columnals, mound in B5, Hope Quarry. All 

scale bars are 0.5mm.
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Figure 5.10



close to spherical. In thin section the oncoids are composed of thick, irregular, 

concentric layers of dense, often micro-peloidal, micrite with well-preserved tubules 

of Girvanella. These are interlayered with patchy encrustations of Wetheredella and 

Fistulipora. Three examples have been examined in thin section and in two of these 

the nature of the nucelii could be ascertained. These were found to be>

1/ a fragment of a solitary rugose coral;

2/ a calcretised clast of facies lb with abundant fragments of Epimastopora.

The enclosing ground is generally dark or black, often bituminous, very poorly-sorted 

and coarser grained than typical examples of Facies 2e as described previously, with 

crinoid and brachiopod fragments up to 8mm being abundant. Foraminifera are 

common (Earlandia, Gigasbia Banffella, Endothyra, Endothyranopsis, archaediscids, 

Tetrataxis, Forschia and Saccaminopsis) with large examples of Tetrataxis being 

notably more common than in other facies. Most grains show little micritisation but 

the level of abrasion is variable, some brachiopod valves are well-rounded whilst 

other fragments have angular fractures. Also sparsely present are more deeply 

micritised bioclasts that also tend to be well-rounded, including a fragment of 

Epimastopora. This facies occurs in a well-bedded unit that is from 30- 50cm thick 

(though some of the old borehole records show a greater thickness of units with 

Girvanella oncoids).

Interpretation - facies 2e(g)

Facies 2e(g) is interpreted to be a deposit laid down in depths of around 20m in open- 

marine, dysphotic conditions with some storm wave reworking (see facies 2e, Section 

4.4.2). The Girvanella oncoid0 appear to be the result of microbial coating upon 

clasts during the initial transgression whilst carbonate deposition was slow. The 

presence of calcretised clasts derived from the top of the underlying cycle as nucleii 

suggests the oncoids formed by the coating of clasts in a transgressive lag. The fact 

that these oncoids are restricted to one particular horizon would seem to indicate some 

factor preferentially allowing them to form at this level. This would appear to point to 

some environmental factor such as a change in seawater chemistry (Riding, 1982) that 

favoured microbial deposition on the platform top during this transgression.
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Environments with low levels of oxygen are often characterised by dense bacterial 

populations (Weidlich etal., 2003). Thin siliciclastic silts are also present at the level 

of the Girvanella Band and are interpreted as showing some change to the fluvial 

input into the basins at this time (see facies 7a below, Section 5.4.6). An increased 

level of nutrients derived from the reworking of palaeosols during transgression is 

also possible. Soreghan and Soreghan (2002) suggested that in the Pennsylvanian and 

Permian increased input of airborne dust supplied iron and thus favoured algal 

production. They pointed out that high levels of airborne dusts and silts coincided 

with glacial lowstands and early transgressive phases -  the level at which these 

oncoids appear to be occurring.

Whatever the factor may be, it seems to have been short lived as the oncoids are 

reworked into and surrounded by normal deposits of facies 2e

2f Palaeoberesellid packstone

The fabric and main allochems are as described in Chapter Four, except that 

Ungdarella - a putative red alga (Mamet & Rudloff, 1972, Wray, 1977; Chuvashov & 

Riding, 1984) - is present, along with abundant Kamaena and Kamaenella (Figure 

5.10 E). This was not observed in the Chee Tor Rock Member but appears sparsely in 

the Miller’s Dale Limestones Member and the Monsal Dale Limestones Formation. 

Foraminifera are generally common to sparse but in some examples occur only rarely 

{Earlandia, Gigasbia, Tuberitina, Endothyra, Globoendothyra, Banffella, Priscella, 

Endothyranopsis, Eostaffella, archaediscids, mono-layered palaeotextularids, 

Tetrataxis, Forschia and Globivalvulina, Diplosphaerinna, Bradyina). Also 

occurring rarely are stacheiinids and Fasciella.

Facies 2f(b) Brachiopod/palaeoberesellid/foram packstone

This is a sub-facies of Facies 2f in which the ground is composed of 

palaeoberesellid/foram packstone but also has abundant brachiopod valves. These 

valves make up to 20% of the volume and are almost without exception articulated, 

entire, concave up and seemingly in situ. The brachiopods are mostly not in direct 

contact with each other, being surrounded by fine-grained black packstone. Thick- 

shelled gigantoproductids are the commonest but other thin-shelled forms, along with
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some solitary rugosan corals and sparse fragments of crinoid columnal are also 

present. The “Brachiopod Bands” or “Productid Bands” recorded in the logs of the 

old quarry borehole records (Appendix 6) are composed of facies 2e(b). It occurs in 

well-bedded units around 50cm thick.

Interpretation -  facies 2f(b)

The depositional environment for this facies in terms of photic conditions, energy 

levels and water depth is interpreted to be as for Facies 2f. However, the presence of 

such abundant brachiopods must indicate some change in conditions that favoured 

them. Palaeoberesellids and Ungdarella are interpreted to be chlorophytes that 

thrived in relatively sheltered low-energy areas and appear to have had the capability 

of inhibiting the presence of competing organisms (Gallagher, 1998). The 

brachiopods are filter feeders and do not directly compete with the algae for nutrients. 

Perhaps the supply of nutrients temporarily favoured the establishment of brachiopods 

amongst large areas of palaeoberesellid meadows. The majority of the brachiopods 

are robust, thick-shelled gigantoproductids adapted to withstand fairly high energy 

conditions which may have inhibited the establishment of other filter-feeders such as 

crinoids or fenestrate bryozoa. This facies is interpreted as having formed by 

deposition in productid/palaeoberesellid meadows around or above fair weather wave 

base in about 10m of water.

Facies 2g Girvanella packstone

Facies 2g has a high proportion of rounded clots of Girvanella (Figure 5 .9 G). These 

are composed of numerous micritic tubules enclosed in micrite and microspar and 

range in size between 0.5 and 2mm. The tubules are 0.01 to 0.3mm in diameter, 

relatively straight and sub-parallel to loosely intertwined. No branching was 

observed. The other allochems are fragments of echinoderms, brachiopod valves and 

peloids making up to 20 % of the grains. Foraminifers are sparse (Bradyina, 

Endothyra, Gigasbia, Tuberitina and an archaediscid) and have a degraded, micritised 

appearance. The matrix is composed of micrite and microspar; in places it approaches 

a muddy grainstone. In hand specimen this facies appears to be a muddy, peloidal 

packstone and can only be determined in thin section. It occurs in well-bedded units 

around 30cm thick.
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Interpretation-facies 2g

(See interpretation for Facies lh, Section 5.4.1) The mud-rich texture indicates 

deposition in a low-energy setting. The biota is of low diversity and often heavily 

micritised, supporting a source in stressed, possibly hypersaline, low-energy lagoons. 

The sub-parallel organisation of the Girvanella tubules is distinct from the tangled 

knots and clumps seen more commonly in other facies and this may indicate 

deposition in microbial mats similar to those formed by Schizothrix or Scytonema in 

modern environments. However, no preferred orientation to the pellets and no 

lamination in slab is present. If these packstones were deposited in situ from 

microbial mats then they have been thoroughly bioturbated. It seems more likely, 

especially given the cleaning upward trend seen (see Facies lh), that the allochems 

have been reworked and transported to some degree. Deposition below fairweather 

wave base in depths greater than 10m is suggested for this facies.

2h Crinoid/Intraclast/Bryozoan/Brachiopod packstone

Facies 2h is essentially a finer grained and more mud-rich variant upon Facies If. 

Facies 2h is a coarse (0.25 to 16mm) poorly-sorted packstone in which the main 

allochems are large crinoid fragments (2 to 16 mm, c.20%), sub-angular intraclasts of 

facies 3/4b and facies 3/4c (2 to 30mm, c. 10%), fenestrate and encrusting bryozoan 

thalli and hash up to fragments 10mm across (up to 15%) and brachiopod valves and 

spines (up to 5%). The remainder of the allochems are smaller fragments of the 

above, along with rare foramin:fera (mostly Tuberitina, but Endothyra, Howchinia 

and archaediscids also occur very rarely) and unidentifiable bioclastic debris. Whilst 

many of the crinoid columnals are broken and brachiopod valves are mainly 

disarticulated, the degree of abrasion is slight. The majority of the bioclasts have 

suffered little or no endolithic micritisation. The intergranular space is infilled by 

micrite, microspar and calcareous silt. Intragranular porosity is occluded by drusy 

calcite spar. Some minor occurrences of isopachous fibrous cements were recorded at 

outcrop but not seen in thin section. The texture of this facies shows no preferential 

layering. This facies occurs as wedges and lenses draping the flanks of fine-grained, 

mounded features passing laterally into level or gently dipping units some 20 to 30cm 

thick.
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Interpretation -  facies 2h

The mud-rich texture, lack of extensive endolithic micritisation and the presence of 

abundant large unabraded crinoid columnals and bryozoan hash indicate an 

interpretation of a low-energy dysphotic environment. The disposition of these 

deposits draping mound features favours an interpretation of these units as having 

formed by the accumulation of bioclastic debris from thickets of crinoids, bryozoa and 

brachiopods developed on the llanks and top of the mounds. The presence of fine

grained intraclasts is interpreted, as for Facies If, as being the result of partial 

disaggregation of the mound core by wave action or storm surges. Howchinia was 

interpreted by Gallagher (1998) as inhabiting environments below fair weather wave 

base and the absence or rarity of chlorophytes supports a dysphotic depositional 

environment for these units below 10m.

5.4.3 Wackestones and mudstones 

3/4a Molluscan mudstone/wackestone

No examples of this facies were found

3/4b Mudstone/wackestone

The fabric and main allochems are as described in Chapter Four. Foraminifera are 

sparse generally but quite diverse (Earlandia, Gigasbia, Tuberitina, Endothyra, 

Globoendothyra, Howchinia and archaediscids being most common, and Tetrataxis, 

Forschia, Globivalvulina, Diplosphaerinna, Priscella, Endothyranopsis, Eostaffella, 

Forschia, Saccaminopsis, bi-layered and mono-layered palaeotextularids being less 

common). Kamaena, Kamaenella and Ungdarella occur sparsely whilst Fasciella 

and Wetheredella occur rarely. Stacheiinids were observed to occur rarely in the 

wackestones (Facies 3b) but are absent in the mudstones (Facies 4b). Koninckopora 

and Epimastopora were not present. These facies occur in beds between 0.2 and 2m 

in thickness.
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Figure 5.11 (Preceding page) A: Polished slab o f  facies 2e(g). a coarse

crinoid/foram/palaeoberesellid packstone with large oncoids rich in G irvanella , Wetheredella and 

other encrusters. Hope Quarry, scale bar 1cm. B: Oncoid from facies 2e(g). Hope Quarry’, scale bar 

().5cm. C: Detail o f oncoid with encrusting bryozoan (br). W etheredella  (W) and dense micrite with 

tubular sessile foraminifera. Hope Quarry, scale bar 0.5mm . D: G irvanella  tubules (G) from oncoid 

coating. E: Thick development o f laminar calcrete overlaying mudstone with rootlet casts (way up to 

left). From UA8/B1 horizon, Hope Quarry , scale bar 1cm. F: Detail o f  rootlet cast from above 

sample. Scale bar 1mm. G: Ooids preserved in calcrete, from above sample. Scale bar 1mm.

H: Large gastropod with geopetal filling in peloidal packstones. facies 2b. Hope Quarry, scale bar 

lcm

3/4c Mudstones and wackestones with minor RFC cements.

The fabric and main allochems are as described in Chapter Four (Figure 5.8 A & B). 

Foraminifera occur only rarely, those most commonly seen are Earlandia, Gigasbia, 

Tuberitina, Tetrataxis, Howchinia, Forschia and Saccaminopsis. Endothyranopsis, 

Globoendothyra, Omphalotis and archaediscids were also observed but are rare. 

Kamaena, Ungdarella, Fasciella and Girvanella are rarely present whilst 

Koninckopora and Epimastopora are absent. This facies occurs mainly as part of the 

core of massive, mounded features that range in size from 2-3 m high and 5m across 

up to 8m high and 15m across. In one location this facies also occurred in a bedded 

unit 0.5m thick.

See facies 3/4e below for interpretation.

3/4d RFC rich microbial boundstone

The fabric and main allochems are as described in Chapter Four (Figure 5.8 C). The 

examples of these facies found in this part of the section are less rich in macrobiota 

than those described from the Chee Tor Rock Member. Some components seen there 

(goniatites, nautiloids and trilobites) were not observed at all in these examples. 

Foraminifera are rare generally, with Tuberitina, Diplosphaerinna and Howchinia 

being commonest and Earlandia, Endothyra, archaediscids and Tetrataxis also being 

present. Clots of Girvanella were also rarely seen but algae are absent in the samples 

examined. These facies, along with Facies 3/4c and Facies 3/4e, are found in the 

central parts of mounded features (see facies 3/4c above for size range) where they 

form essentially massive accumulations.

See facies 3/4e below for interpretation.
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3/4e Mottled mudstone/wackestone with RFC cement

The fabric and main allochems are as described in Chapter Four (Figure 5.8 D). 

Foraminifera are less common and less diverse than was seen in the Chee Tor Rock 

Member and are restricted to Howchinia and rare Tuberitina. Kamaena, Kamaenella 

and Ungdarella all occur sparsely but Koninckopora and Epimastopora were not 

seen. These facies, along with Facies 3/4c and Facies 3/4e, are found in the central 

parts of mounded features (see above for size range) where they form essentially 

massive accumulations.

Interpretation - facies 3/4c, 3 4d and 3 4e

Facies 3/4c, 3/4d and 3/4e are all found mainly in the central core of mound features 

and are interpreted here together. These facies are all mud-rich, which may be taken 

to indicate a low-energy environment, though the automicritic nature of the mud may 

allow a higher energy setting if microbial mats formed a cohesive surface to the 

sediment (Section 4.4.3, facies 3/4c; Pickard, 1996; Pratt 1995, Della Porta, 2002). 

The abundance of automicrite in these facies supports the formation of much of the 

mud component by calcification of microbes within the sediment (see discussion in 

Section 4.4.3). These facies are rich in bryozoa, mainly fenestrate forms, and these 

are preserved as hash and as large, nearly entire fronds. This suggests that reworking 

by wave action was limited, as these are relatively fragile organisms. Though crinoid 

columnals are an abundant component in units interpreted as having been derived 

from crinoid thickets established on the flanks of these mounds, they are not abundant 

in the core facies. In these facies such columnals are common and extremely large 

examples may be found, but they are not of sufficient abundance to suggest they were 

always incorporated into the sediment. This seems to suggest either that the crinoids 

were restricted largely to the flanks of the mound, or that debris derived from crinoids 

growing on the upper parts of mounds were swept off-mound. If the latter was the 

case, this may support the hypothesis that the sediment had a coherent surface. The 

lower growing fenestrate bryozoa and brachiopods seem to have been more liable to 

incorporation. Plurilocular foraminifera are rare within these core facies; the 

commonest genera are Tuberitina, Howchinia, and Diplosphaerinna. These seem 

likely to have been encrusting forms and, in the case of the first two, have been 

observed still attached to bioclastic substrates. So, again, either these were the only
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forms present, or were the forms least likely to have been swept off a coherent surface 

and become incorporated. The other chief variations amongst these facies are the 

volumes of RFC cements present and the homogeneity of the sediment. The amount 

of RFC cements is generally less than seen in the most cement-rich examples in the 

Chee Tor Rock Member. This may be due to the setting of the mounds. Earlier in the 

early Asbian, these facies occurred on the upper slope and platform break where 

circulation of sea water through the sediment may have been facilitated by impinging 

currents, density-driven circulation or thermal effects. These mounds are situated on 

the outer platform where circulation may have been sluggish. The degree of 

homogeneity of the sediment seems to reflect the relative quantities of automicrite and 

more normal calcareous mud and silt. The presence of distinct, if irregular, layering 

in some examples seems to argue for a low degree of burrowing and bioturbation.

These facies are interpreted as having formed within the central cores of 

microbial/bryozoan/crinoid bioherms that developed below fair weather wave base in 

water depths greater than 10m.

5.4.4 Breccias

5a, 5b Intraclastic rudstone/breccia

These facies remain as described in Chapter Four

5c Lithoclastic megabreccia

These are clast-supported breccias with angular clasts of various limestones, which 

range in size from less than 1cm up to several metres across. They were exposed in 

only one place, on the haul road up to Hope Quarry where they appear to be 

associated with some faulting.

Interpretation -facies 5c

The stratigraphical geometry of these units is unclear from present exposures but 

previous authors (Jackson, 1925; Feamsides & Templeman, 1932; Shirley &

Horsfield, 1940; and Eden et al., 1964) describe limestone breccias and 

conglomerates as being part of the bedded succession of the Nunlow quarry to Jack 

Bank area.
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Eden et al. (1964) deduced, from the presence of coarse crinoidal beds dipping steeply 

south at their Location 19, that a now eroded “knoll reef’ had been present in this 

area. An orientated, thin-section ffom these beds revealed geopetal deposits within 

the lumens of crinoid columnals showing the beds had been rotated by 90 degrees. It 

seems these beds are part of a very large clast and are therefore part of the 

megabreccia.

From previous accounts of these locations, it seems unlikely that this megabreccia is 

directly related to the sub-Namurian “Boulder Beds” which are present elsewhere 

along the northern margin (Section 3.3.3). Two options may be considered; they may 

be the result of collapse of the margin due to inherent instability and oversteepening, 

or they may be simply fault breccias.

Whilst these breccias are located close to the Dirtlow Rake -  a major fault line -  and 

even though numerous minor faults are present in this area, it is unlikely they are a 

fault breccia. There is little present evidence of a major offset in this exact locality 

and if there were a fault here it would have been observed and reported when the 

previous authors examined Nunlow Quarry. From their accounts the megabreccia is 

interbedded with other, more normal limestones. It would seem more likely the 

megabreccia is the result of local collapse of the margin. Faulting exposed on the new 

Hope Crusher site appears to be occurring after the deposition of the main tuffs and to 

be then followed by renewed deposition of bedded limestones. This episode may 

represent the collapse of areas of the platform margin, triggered by down faulting 

following the eruptions. The presence of a steep-sided accumulation of tuffs and 

ashes so close to the platform break may also have resulted in an inherently unstable 

configuration.

5.4.5 Palaeokarst and pedogenic features

These remain as described in Chapter Four. Examples of rhizocretions and calcrete 

textures are illustrated in Figure 5.11 E, F & G.
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5.4.6 Siliciclastic facies

7a Siliciclastic siltstone

Very limited and thin examples of this facies were found in Hope Quarry. These 

consisted of unfossiliferous, pale brown, fissile siltstones, possibly micaceous, which 

occur in thin beds no more than 2cm thick. One borehole log (HQ8/73, Appendix 6) 

mentions “shale, laminated with phyllitic partings” which is 0.2m thick.

Interpretation

The fine-grained siliciclastic nature of this facies suggests deposition from suspension 

of clay and fine silt and presumably represents episodes of high turbidity in the water 

over the platform. This may have been due to high run-off in the source areas or 

possibly even the impingement of distal turbidity currents on to the platform. The 

association of this facies with the Girvanella Band (Section 5 .4.2) may indicate an 

aeolian source for the silts (Soreghan & Soreghan, 2002). These constitute a minor 

component of the system.

7b Black fissile mudrocks

These shales vary in thickness from a few millimetres up to several centimetres but 

are rarely thicker than 5cm. They consist of black fissile mudrocks that are often 

slightly bituminous. Some examples may contain macrofossils and if so brachiopod 

valves, crinoid columnals, and solitary rugose corals are the commonest observed

forms. Any fossils present are often crushed. This facies is present above

palaeokarstic surfaces and as partings between limestones.

Interpretation

These shales are interpreted as having been deposited in low-energy conditions during 

periods when carbonate production was suspended or very low. Unlike facies 7a, 

which was taken to indicate an increase in siliciclastic supply to the platform, these 

shales are taken to indicate the normal background deposition of argillaceous material 

out of suspension. When the shales occur directly above an exposure surface this is 

the result of carbonate production lagging after a rapid inundation of the platform.

The thin partings between limestones may be the result of temporary lows in 

carbonate production or may indicate pressure solution of the surrounding

189



argillaceous limestones (Tucker & Wright, 1990). A continuum may exist between 

thicker, truly depositional shales, partings and clay-coated or bituminous stylolites.

5.5 Facies associations
In the previous chapter (Section 4.5, Table 4.3), five facies associations were 

identified. These were: -

FA1 Deep subtidal marginal environments 

FA2 Dysphotic subtidal platformal environments 

FA3 Euphotic subtidal lagoonal environments

FA4 Euphotic shallow subtidal shoal environments

FA5 Intertidal to sub-aerial environments

Analysis of the sediments of the Miller’s Dale Limestones Member and the Monsal 

Dales Limestones Formation reveals some variations in sedimentation from that seen 

in the Chee Tor Rock Member. The main features of each association are shown in 

Table 5.2.

The facies association that is affected most is FA2 and two sub-divisions of this facies 

association are erected below. In addition it has been found necessary to define one 

further facies association (FA6) which is described below. Any changes to the other 

facies associations are noted in brief but these are not considered to be sufficient to 

require the creation of new facies associations.

Only one lithofacies remains outside this scheme. The lithoclastic megabreccias 

(Facies 5c) are the result of a catastrophic event or events and cannot be reliably 

placed within any context of water depth or environment.

FA1 Deep subtidal marginal environments

Whilst the main features and interpretation of this facies association remain 

unchanged (Figure 4.13) two additional lithofacies are included within this 

association. Girvanella packstones (Facies 2g) and brachiopod rudstones (Facies lg)
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Code Facies
Association

lithofacies Interpreted 
water depth

Main in-situ biota and 
allochems

Interpreted environment

FA 1
Deep subtidal
marginal
environments

1b, 1d, 2d, 
3/4b, 3/4c, 
3/4d, 3/4e

>15m Crinoids, fenestrate, 
encrusting and ramose 
bryozoa, brachiopods, 
bivalves, gastropods, 
ostracods, Sparse but 
diverse foraminifera, 
Fasciella, Stacheiinids, 
Girvanella, Ortonella, 
Wetheredella, sponges, 
automicrite

Deep subtidal bioherms 
formed partly of microbially 
precipitated micrite with rich 
biota of filter feeding 
benthos supplied by 
nutrient-rich upwelling 
currents. Input of shallow 
platform-derived allochems 
variable. High slope angle 
maintained by early marine 
cementation but some 
oversteepening caused local 
collapse and breccias.

FA 2
Dysphotic
subtidal
platformal
environments

1e, 2d, 2e, 
7a, 7b

10-20m Crinoids, fenestrate and 
ramose bryozoa, 
brachiopods, 
Siphonodendron, 
Syringopora, Lithostrotion, 
bivalves, gastropods, 
Common and diverse 
foraminifera (endothyrids, 
tournayellids, tetrataxids, 
archaediscids, Earlandia, 
Gigasbia, Saccaminopsis) 
palaeoberesellids, 
ostracods, stacheiinids, 
Girvanella

Open platform top below fair 
weather wave base. In 
dysphotic conditions. 
Crinoid/bryozoa thickets, 
coral/brachiopod bioherms 
and palaeoberesellids in 
shallower parts.

FA 2a
Platform-
located
bioherms

3/4c, 3/4d, 
3/4e, 1f, 2h

5 -20m Crinoids, brachiopods, 
bryozoa, automicrite, 
Tuberitina, Howchinia

Discrete mounds built by 
production of automicrite. 
Highly productive benthos 
producing and exporting 
coarse bioclastic debris. 
Height limited by wave 
energy and liable to 
disruption by storms.

FA 2b
laterally
accreting
bioclastic
banks

1b, 1d, 2d, 5 -20m Crinoids, brachiopods, 
bryozoa, foraminifera

Banks of bioclastic debris 
with up to 10m relief. 
Accreting laterally towards 
the platform interior.

FA 3
subtidal
lagoonal
environments

2a, 2b, 2c, 
2e,2g

5 - 15m 
shallower in 
sheltered 
areas

Palaeoberesellids, 
Earlandia, Endothyra, 
Omphalotis, 
Globoendothyra, thin 
shelled brachiopods, 
gastropods.

Euphotic, subtidal, low 
energy, lagoonal areas with 
extensive micritisation of 
grains. Bioturbated and 
cemented in parts.

FA 4
shallow 
subtidal shoal 
environments

1a, 1b, 1c, 
1 d, 1h

<3 -1 0m Koninckopora,
Epimastopora,
Omphalotis,
Globoendothyra,
Endothyra,
palaeotextularids.

Wave washed shoals above 
fair weather wave base, 
possibly with associated 
tidal channels.

FA 5
Inter tidal-sub- 
aerial

1a, 3/4a, 5a, 
5b, 5c, 5d

<3 - Om gastropods & bivalves in 
wackestones (5a), 
terrestrial plants

shallow intertidal shoreface, 
lagoons, tidal marsh and 
sub-aerial exposure

FA 6 Base-of-slope
apron

1b, 1 e, 1gi, 
7b

>50m
Crinoids, brachiopods, 
minor peloids, bryozoa, 
foraminifera, coral

Current swept drifts of 
coarse bioclastic debris 
sourced from the upper 
slope and outer platform and 
deposited against the mid to 
lower slope.

T able 5.2. Main characteristics o f  the facies associations defined in the M iller’s Dale Limestones Member 
and the Monsal Dale Limestones Formation.
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are included on the basis that the only examples occurred on or close to the platform 

break at the base of cycles and they are interpreted as having formed in deep, subtidal 

dysphotic conditions.

FA2 Dysphotic subtidal platformal environments

This facies association remains essentially unchanged (Figure 4.13). The association 

occurs in the lower parts of cyclic packages and may have transgressive bioclastic 

lags preserved at the base (facies 2d). Where present these are succeeded by 

bioclastic packstones (facies 2e, 2f) which show a shallowing-upwards pattern. These 

units are generally well-bedded and laterally extensive. Thin argillaceous partings 

(facies 7b) are common but die away upwards in each cycle. Colonial coral-rich 

horizons are rare and less well developed than in the Chee Tor Rock Member (Section 

4 .5 .2). Only one clear example of this phenomenon was recorded. As before, the 

interpreted environments for this association is bioclastic accumulation on the outer 

platform top in open marine, low-energy, dysphotic conditions. The primary sources 

of bioclastic material were crinoids, bryozoa and brachiopods in the deepest areas, 

with some contribution from corals and algae adapted to lower light levels. In slightly 

shallower areas the contribution of the algae is greater and may predominate. Facies 

7a -  thin siliciclastic siltstones -  are included within FA2 as they occur with the other 

facies within this association.

FA2a Microbial/bryozoan/crinoid mounds and associated environments 

(Figure 5.12)

Interbedded with units of FA2 are discrete mounded structures. These have a range of 

sizes from 2m to nearly 10m high and may be over 20m across at base. The central 

cores of these structures are composed of combinations of facies 3/4c, 3/4d and 3/4e 

(Figure 5.12), all facies with high volumes of automicrite along with fragments of 

fenestrate bryozoa, crinoid columnals and brachiopods. The flanks of these structures 

are composed of facies If  and 2h draped as wedges and lenses at angles up to 30 

degrees and interbedded with units of FA2. The coarse flanking beds pass laterally 

into more normal units of FA2 or occasionally can be seen to form laterally extensive 

sheets.
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These features are interpreted as microbial/bryozoan/crinoid bioherms with associated 

flank beds which developed as isolated structures on the outer platform top during the 

lower parts of cycles in water depths greater than 10m (Figure 5 .13). During storms 

these mounds were subject to erosion by storm waves and surges and this resulted in 

sheets of debris being deposited in sheets on the adjacent sea floor.

Upwards the mounds pass either into grainstones of FA4 or may be truncated by the 

erosive surface at the top of the cycle. This relationship suggests they may have been 

limited by wave energy (c f  Samankassou, 2001). In this case the size and 

morphology was limited and controlled by the position of fair weather wave base such 

that the mound would have accreted vertically as long as the accretion rate keeps pace 

with or is less than the rate of creation of accommodation space {cf Gutteridge, 1995). 

If the mound accreted up to a level where wave reworking became a factor the mound 

would have been limited. At this point the bioclastic production on the flanks would 

have dominated over microbial production in the core and the mound would assume a 

more progradational style, exporting bioclastic sediment laterally. If relative sea level 

fell, this process resulted in the effective levelling out of the earlier topography as the 

area on the top of the mound retained little sediment and the areas surrounding it were 

infilled. In the case of mounds with no grainstone cap this is interpreted as indicating 

relative sealevel fall before all the surrounding accommodation space was filled, 

possibly accompanied by erosion of any thin, capping deposits during subsequent sub

aerial exposure.

FA2b Laterally accreting bioclastic banks (Figure 5.12 & Figure 5.14)

This facies association is based on observed examples within Hope Quarry (Figure 

5.14) where facies of FA2 pass upwards and laterally into a coarsening upward 

sequence of coarse bioclastic packstones (Facies 2d). This is interpreted as indicating 

banks of coarse bioclastic material accumulating adjacent to, and simultaneously with, 

areas where more normal FA2 deposition was occurring (Figure 5.12). The deposits 

of FA2b have large-scale internal foresets dipping around 10° with toesets passing 

into units of FA2 and topsets passing into grainstones of FA4. This arrangement 

indicates syndepositional relief, and as the thickest observed instance of FA2b is of 

around 10m this figure may be taken as an approximation of height of that relief,
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Figure 5.13 (Previous page) Two photopanoramas o f  mound structures in Hope Quarry. Top: 

Mound in B5 on level 340. Height o f the face is c. 12m. This low -relief mound has a microbialite 

core o f  limited extent and extensive packstone/grainstone flank units which may be traced over 

nearly 200m. Bottom : Mound in B2 on level 305. The microbialite core o f this structure extends 

nearly the whole thickness o f  B2 with only thinly developed packstones capping the highest level.

The proximal flank units are extremely coarse rudstones at high angles up to 30°. The flanks are 

interbedded with dark thin bedded packstones (FA2) and extend out over 300-500m  as thin sheets, 

probably as the result o f  storm remobilisation. Truncation o f  the flank units indicates some 

erosion o f the feature during subsequent exposure. Som e slum ping o f  the flank beds is present at 

the lower left. Height o f  face is c. 15m

albeit with no allowance for compaction. The main bioclastic components in these 

banks are crinoid columnals, along with all the other bioclasts recorded above 

(Section 5.4.2) and whilst some of this material may have been imported from other 

adjacent areas it seems likely the majority was produced by organisms living on the 

surface of these banks. These features spanned the range of depths between FA2 and 

FA4 and therefore are interpreted as having formed in water depths from more than 

10m up to less than 5m.

Some similarity between these units and those of the flank beds of FA2a is apparent 

but no direct relationship was seen in the field. These may represent very well 

developed examples of tabular mounds (Lees & Miller, 1995, Gutteridge, 1995) and 

indeed Eden et al. (1964) desciibe what they call a “flat reef’ passing into more 

normal mud-rich “knoll-reef’. Even if this is so the extent of the bioclastic banks is 

greater than any automicritic core by several orders of magnitude and, even if the two 

were linked at inception, the fully developed banks were independent and self- 

sustaining.

FA3 Euphotic subtidal lagoonal environments

The features of this facies association are as previously described (Section 4.5 .3).

FA4 Euphotic shallow subtidal shoal environments

The main features and interpretation of this facies association are as previously 

described (Section 4.5.4). Two points are noteworthy. Superficial ooids, though 

sparse in most samples, are a relatively common occurrence in facies la, lb and lc of
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Figure 5.14 Photopanorama o f  upper part o f  B2 on level 290 in Hope Quarry. Package with 

large scale cross-bedding is composed o f  very coarse bioclastic packstones and represents 

deposition on the face o f  laterally accreting bank. This passes downward into thin bedded fine 

packstones o f  FA2 and upward into grainstones o f  FA4. Height o f  face is c. 15m



this age. Despite this, no true ooid grainstones were seen and it would appear that, 

though some grains were becoming coated in these shallow shoal environments, no 

accumulation of sufficient volume to be preserved occurred in this area.

Facies lh (Girvanella grainstone) is also included in this facies association. Due to 

the location where this facies occurs, no direct link can be demonstrated between this 

facies and the other grainstones within the facies association. However, it occurs in 

the upper part of a cycle and shows clear evidence of winnowing and reworking. On 

these grounds it is placed within this association.

FA5 Intertidal to sub-aerial environments

The features of this facies association are as previously described (Section 4.5 .5).

FA6 Base-of-slope apron environment (Figure 5.12)

An association dominated by facies lgi, along with facies le and 7b that is limited in 

exposure to the lowest exposed parts of the slope (SGZ1). The bioclastic facies are 

interpreted as having been deposited in deep subtidal conditions under strong current 

action. The allochems are mainly a mixture of those found in FA2, FA3 and, less 

commonly, from FA4. This facies association is interpreted as representing a base-of- 

slope apron of bioclastic material derived from the outer platform and the uppermost 

parts of the slope (Figure 5.12). The degree of abrasion may be due in part to wave 

action in shallower areas but the degree of winnowing suggests a strong, perhaps 

contouring, current at the site of accumulation on the lower to mid part of the slope. 

The presence of facies 7b indicates periods when carbonate supply and winnowing 

currents were greatly reduced. Given the known relief of the margin, the apron must 

have formed in depths in excess of 100m.

5.5 Patterns of sedimentation
In this section the lateral and stratigraphical variations in patterns of sedimentation in 

the Miller’s Dale Limestones Member and Monsal Dales Limestones Formation will 

be recounted briefly. Individual cycles are numbered from the base up, with UA1 to 

UA8 in the Miller’s Dale Limestones Member and B1 to B6 in the Monsal Dales 

Limestones Formation (Figures 5.5 & 5.7).
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5.6.1 The Miller’s Dale Limestones Member 

UA 1-UA5

These cycles are exposed, in part, in Shining Cliff at Winnats Pass, the highest parts 

of Cavedale, along Michill Bark and in the site of the new Hope Quarry crusher plant 

(Figure 5 .3). There are good exposures in the lowest levels of Hope Quarry of UA 3 

and UA4. No single location shows a complete section and truly accurate correlation 

between these locations is impossible. With this in mind the account here is, 

necessarily, only a somewhat general one. Good exposure of UA5 and the overlying 

cycles is limited to Hope Quarry and Pindale.

Two logged sections from Hope Quarry and from Cavedale are shown here (Figure 

5 .15) to show the type of cycles found in this part of the section and to illustrate a 

section parallel to the platform break. Both sections show stacked alternations of FA3 

and FA4 with some occurrences of FA2. If these variations are taken to indicate 

cyclic changes in relative sealevel then 4 cycles may be identified in the Cavedale 

section and 6 in the Hope Quarry section. These cyclic packages are from 2 to 6m 

thick. However, the only surface in either section where exposure can be conclusively 

demonstrated is that below UA4 in Hope Quarry where rhizoliths were found below 

the surface. It is possible that the cyclic variations in UA3 are the result of autocyclic 

processes resulting in stacked variations between shallow subtidal lagoonal and 

shallow subtidal shoal sediment.

The lowest exposed cycle in Hope Quarry consists of a unit of FA2 overlain by c. 5m 

of facies lb that shows internal dips around 7° steeper than the overlying beds (Figure 

5 .16). It is possible that some tilting of the platform occurred at this time but it seems 

more likely that this phenomenon is the result of deposition on the low angle face of a 

laterally accreting shoal. The strike of the dipping units is 073°, which suggests that 

the direction of progradation of the shoal was towards the interior of the platform. 

Further west from the sections illustrated, at Shining Cliff in Winnats Pass, and 

scattered small exposures from Cow Low Nick to the highest parts of Eldon Hill, such 

limestones as may be seen are composed of peloid/bioclastic packstones or 

grainstones of FA3 and FA4. Accurate tracing of cycles in these areas is however 

impossible.
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UA5

UA4

UA3

-  Dipping beds picked out by coarse bioclastic bands

Figure 5.16 Photopanorama and sketch o f  UA 3 and UA 4 in Hope Quarry showing cross-bedded units low in UA 3.
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Sections close to the platform break in Lower Jack Bank Quarry show cyclic 

packages, 3 to 4m thick, wherein the lower part of the cycle is composed of FA1 or 

FA2 overlain by FA3 or FA4. The lowermost units are composed of either 

crinoid/brachiopod rudstones/packstones (Facies le/2d) or automicritic floatstones 

(Facies 3c/3d). Peloid/bioclastic grainstones and packstones overlie these. The 

Girvanella packstones and grainstones (Facies 2g &lh) described in Section 5.4 were 

found in this part of the section, as were the brachiopod rudstones (Facies lg). 

Exposures of sediment from the platform slope (SGZ 1) are restricted in extent but 

may all be placed in FA1.

Along Michill Bank, small exposures reveal facies 2d most commonly but, close to 

the Pindale road at the eastern end of Michill Bank, units of facies 3d and 5a also 

occur. At the northern end of Pindale, on the western side, thick, level bedded, units 

of facies 2d occur which must have been close to the platform break.

The top of UA4 is marked in Hope Quarry by a pot-holed palaeokarstic surface, with 

associated rhizocretions, and a tuff/clay (T5) horizon (Figure 5.15).

UA5 is around 8m thick. At the base are dark packstones of FA2 which pass upwards 

into FA3 and FA4. The dark limestones also pass into pale packstones towards the 

platform break such that, further northward, the base of the cycle consists of a thin 

unit of FA 2 and the whole of the rest is composed of FA 3 and FA4.

Interpretation

These observations suggest that there was little variation in sedimentary environment 

parallel to the platform margin during this period. The cyclic packages on the outer 

platform (SGZ3) are relatively thin and composed primarily of FA3 and FA4 with 

FA2 either absent or poorly developed. Despite this, thick accumulations of very 

shallow shoal deposits (Facies la) are not present. This combination is interpreted as 

being the result of shallow inundations, to around 10m or less, but of only short 

duration such that extensive, very-shallow shoals did not have sufficient time to 

develop substantial thicknesses of sediment over wide areas before being exposed. 

Comparison of sections perpendicular to the platform margin suggests that, as in the 

Chee Tor Rock, slightly deeper conditions occur at the platform break than in the
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Figure 5.17 Logs of UA 5 -8 in Hope Quarry. 
On the le ft, log compiled from levels 250, 
270 and 290. On the right, log from exposure 
by the top crusher house and borehole EQ9 
from Eden et al, 1964.



shoal/lagoonal areas on the outermost platform. The capping of each cycle at the 

platform break with shallow water facies suggests that the shoals prograded to the 

slope break by the end of each cycle.

The lateral facies change seen at the base of UA 5, which is similar to that seen in the 

Chee Tor Rock Member in Eldon Hill Quarry, is interpreted as the rapid 

establishment of an area of shoals within 200 to 300m of the platform break very early 

in the cycle and that deeper, less energetic, conditions persisted longer on the 

platformward side of these shoals. This may also indicate a subtle antecedent 

topography at the base of the cycle. The package is capped by an exposure surface.

UA 6 to UA8

UA6 also has at its base units of FA2 but, unlike UA 5, when the package is traced 

towards the platform break it thins considerably (Figure 5.17, see Figure 5.4 for 

locations of logged sections). In the south west of Hope Quarry, UA 6 has a thick 

development of grainstones and packstones of FA3 and FA4 in the upper part, 

towards the northeast the package is composed primarily of FA2 with only thinly 

developed grainstones. The top of UA6 is marked by a palaeokarstic surface with 

associated rhizocretions.

The lower parts of UA7 and UA8 are composed of FA2, passing upward into FA 3 

and FA4. In the south west of Hope Quarry, the two cycles are separated by a 

palaeokarst and thin clay (T6). In this area UA7 is c. 10m thick and UA8 is c.8m 

thick. When traced towards the platform break UA 7 thins considerably, such that 

500m to the northeast the package is less than 5m thick. UA 8 however thickens 

slightly towards Pindale. The stratal geometry of these packages, perpendicular to the 

platform break, is well displayed in the north western face of the quarry and is shown 

in Figure 5.18. These packages are seen to be composed of large scale clinoforms 

with dips averaging between 5 and 10 degrees towards the platform break. In UA7 

the lower, and most substantial, part of the package is composed of thin-bedded units 

of FA2 which shows a convex-up geometry which accretes both vertically and 

laterally with downlap at the base. In the upper part of the cycle, the package
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Downlap during aggradational phase

shown below displaying stratal patterns within packages

Tracing of photopanorama below with bounding surfaces o f  cyclic packages UA 5 ,6 ,7  and 8, showing clinoforms within packages

Figure 5.18 Photopanorama and tracings o f  northwestern faces o f  Hope Quarry showing stratal patterns within packages UA 5 ,6  and 7.



becomes more predominantly progradational and the stratal geometry becomes more 

sinusoidal, with topsets and bottomsets. UA8 follows a similar configuration, but the 

thickest part of the package is shifted basinward relative to UA7.

Interpretation

This configuration is interpreted as indicating a considerable back-stepping of the 

main site of productivity and accumulation. The presence of clinoforms indicates 

some syn-depositional relief This relief must have been at least 10m and water depth 

over the deeper parts of outer platform, close to the platform break, may have been 

greater.

Shoals developed in a zone parallel to the platform break. This zone was situated 

around 1km from the platform break in UA6 and moves basinward 200 to 300m in 

UA7 and UA8 respectively. Very little sediment accumulated on the area between the 

shoals and the platform break in UA6 and UA7 until the shoals reached the platform 

break in UA8. This appears to show little in situ production in this area and limited 

export of bioclastic material basinward from the shoals.

When UA8 is traced into Pindale it may be correlated with the section reported by 

Gawthorpe and Gutteridge (1990, Figure 5) and correlates with their “shoal 

sequence”. These authors interpreted stratal patterns in Pindale Quarry as indicating 

the formation of bioclastic sandbodies on the outer platform at this point and time.

5.6.2 The Monsal Dales Limestone Formation on the outer platform

B1

B1 is the lowest cycle of the Monsal Dales Limestones Formation; it is distinguished 

by having at its base the Girvanella Band. In the southeast of Hope Quarry, B1 is 

around 5m thick (Figure 5.19) and thickens only slightly northwards until 250m from 

the platform break where it thins and dips basinward at a low angle. The lower part of 

the package is composed of FA2, passing up into FA3.

Four occurrences of FA2a have been observed close to the platform break (Figure 

5.4), all of which are considered to be correlatable with Bl, though there is some
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doubt about the correlations and these exposures may belong anywhere between UA8 

and B2:-

B1 -  mound 1

The old disused Upper Jack Bank Quarry, documented previously by Eden et al. 

(1964) is interpreted here as a mound-type feature with a core of facies 3/4c, 3/4d and 

3/4e and adjacent exposures of flanking beds (facies 2h).

Bl -  mound 2

The second occurrence is a partly quarried-away exposure close to the new conveyor 

tracks (Figure 5 .4) which is composed of facies 3/4d and 3/4e. The depositional 

geometry and original extent of this mound cannot now be ascertained.

Bl -  mound 3

The third mound is located adjacent to the quarry offices and workshops. This feature 

is composed of facies 3/4d and appears to be only the uppermost pan of a mound 

exposed above the floor of the bench. The top of the mound has been karstified and is 

overlain by a siltstone (facies 7a) and units of facies 2e in the base of the overlying 

package.

Bl -  mound 4

The fourth occurrence is located above the megabreccias exposed alongside the haul 

road up to Hope Quarry. The boundary between the top of the megabreccia and the 

base of the mound is poorly defined and gradational. The uppermost part of this 

exposure is composed of facies 3/4d, is rich in RFC cements and is notable for the 

frequent occurrence of infiltrated siliciclastic silt into the syndepositional voids lined 

by the RFC cements.

More detail of these, and younger, mounds is given in Appendix 8.

Interpretation

This package is interpreted as showing deep submergence of the platform. Girvanella 

oncoids formed during the transgression, nucleating on bioclasts and lithoclasts
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derived from the underlying calcretised surface. On the outermost platform, close to 

the platform break, microbial/bryozoan/crinoid bioherms developed into mounded 

features, presumably initiating in deeper subtidal conditions after the initial 

inundation, though this point cannot be proven. Extensive grainstone shoals did not 

have time to develop before the platform was exposed again.

B2

Cycle B2 is marked by distinct lateral and stratigraphical variations (Figure 5.19).

The package is around 20m thick and appears to maintain a uniform thickness 

wherever seen. In the northwest face of Hope Quarry there is little evidence of the 

sort of internal stratal architecture seen in UA7, UA8 and Bl.

The lowest part of the cycle is composed of FA2 but with at least two mounds 

(Figures 5.4 & 5.13 bottom) and associated flanking units (FA2a) (Appendix 8). This 

combination of facies associations takes the form of units of facies 2e, 2f and 2d 

interbedded with units of facies 2h which become more common closer to the mound 

and are joined by facies If  on the flanks of the mound core. The mound cores are 

composed of facies 3/4c, 3/4d and 3/4e. Dips in some beds of facies 2h indicate a 

source in another mound, out of the section exposed. Some occurrences of FA3 also 

occur in mid cycle and these may be laterally equivalent to units of FA2.

The upper part of B2 consists of FA2b (Figures 5.19 & 5.14). This takes the form of a 

sub-package with internal clinoforms showing lateral equivalence of coarse 

peloid/bioclastic grainstones, packstones and fine bioclastic packstones (facies lb/Id, 

2b and 2e/f respectively). This package is traceable over at least 500m and thins from 

11.5m to 2m northwards. The clinoforms dip around 10 to 15 degrees south- 

westward. The highest units consist of grainstones of FA4. Three beds of facies 2h in 

the mid-part of the cycle are normally graded, internally chaotic and have distinct 

erosive bases.

Interpretation

Flooding of the platform to depths of more than 10m resulted in deep subtidal 

conditions. Microbial/bryozoan/crinoid bioherms became established and 

crinoid/bryozoan thickets on their flanks became episodic, local exporters of
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bioclastic sediment, presumably mobilised by wave action in higher energy events, 

that became interbedded with the background sedimentation of muddy bioclastic sand 

and silt. Some local shallowing resulted in shallow subtidal accumulation of 

peloid/bioclastic muddy sand. Very high-energy storm waves or surges 

disaggregated, in part, the mounds and their flanking deposits and spread laterally 

extensive sheets of debris in fining upward sheets.

The last stage of the cycle saw the development of banks of coarse bioclastic debris 

which prograded towards the platform interior. These banks extended up into a 

shallow subtidal, wave washed environment and co-existed with deeper areas of low- 

energy lagoon dominated by palaeoberesellid meadows.

B3-B6

The uppermost three complete (B3-B5) cycles exposed in Hope Quarry are essentially 

repeats of the pattern set in B2 (Figure 5.20). B3 is a package composed of FA2 in 

the lower part that shallows upwards into FA4 in the south. In the western comer of 

the quarry Figure 5 .4), locally high dips suggest the existence of an unexposed mound 

or the draping of units over an underlying mound in the cycle below (Appendix 8). 

The highest part of the package in this area is composed of another occurrence of 

FA2b.

B4 appears to be a simple succession with FA2 in the lower part and FA3 and FA4 in 

the upper part.

B5 repeats the pattern but with a well exposed mound and flanks (FA2a) in the mid 

part of the cycle in the south western part of the quarry (Figures 5.4 & 5.13 top) 

(Appendix 8) and a unit of FA2b forming the upper part of the cycle in the south.

This latter unit is inaccessible and the interpretation here is based solely upon on 

visual comparison in colour, bedding style and internal stratal geometry with the other 

instances in lower cycles. The clinoforms within this unit indicate progradation 

towards the southwest.

All that is exposed of B6 is a coarse bioclastic lag overlying an irregular surface at the 

top of B5.
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Interpretation

These three cycles are interpreted, as for B2, as representing shallowing up from deep 

subtidal environments, in excess of 1 Om and perhaps more than 20m deep, with local 

development of microbial/bryozoan/crinoid bioherms to more extensive bioclastic 

shoals and sandbanks in depths less than 10m.

5.6.3 Sedimentation on the upper slope (SGZ 1) during the late Asbian and 

early Brigantian

Evidence elucidating the nature of sedimentary environments on the slope is limited. 

At the site of the new Hope Crusher plant (Figure 5.4 & Appendix 2), the onlapping 

Namurian Edale Shales Formation lies directly upon massive deposits of FA 1 (Figure 

4.21), assigned here to the Asbian Chee Tor Rock Member, with only some 

intervening well-rounded boulders of crinoidal rudstone. These boulders are 

interpreted as being the equivalent of the “Boulder Beds” preserved elsewhere along 

the northern margin and the result of Sub-Namurian exposure and erosion (Simpson 

& Broadhurst, 1969; Stevenson & Gaunt, 1971). Jackson (1925) and Fearnsides and 

Templeman (1932) saw the slope at Nunlow after it was cleared of shale and before it 

was quarried away, and both reported a smooth surface with some potholing and 

surficial concentrations of crinoidal columnals. These descriptions are consistent with 

a karstified surface on deposits of 2d, and similar units were observed between upper 

and lower Jack Bank quarries.

At the western end of Lower Jack Bank Quarry the exposures are confusing and 

partially covered by shotcrete. There is also some faulting and mineralisation in this 

area. The units are composed of facies 3/4d, 5a and 2d, dipping basinward up to 30 

degrees. The age of these deposits is problematic. Their position suggests they 

should be the equivalents of UA3 or UA4. Jackson (1925), Parkinson (1947) and 

Eden et al. (1964) present evidence that these beds can be placed in the PI a or P lb 

ammonoid zones. This is equivalent to early Brigantian and suggests equivalence 

with cycles B1 or B2. There are three possible ways to reconcile this discrepancy. -
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1/ A syn-depositional channel cut into the slope as was proposed by Eden et al. 

(1964), effectively bringing younger deposits into contact with older. There is no 

evidence at outcrop to support or refute this hypothesis.

2/ Minor faulting can be seen at the outcrop and movement on these faults may 

have brought younger deposits into contact with older. This hypothesis is feasible, 

and given the presence of thick deposits of breccia close to this section and faulting 

observed at the new Hope Crusher, tectonic movement of the right type and age can 

be demonstrated in this area. It cannot, however, be proven conclusively at this 

location.

3/ Limited preservation of deposits on the slope during this period resulted in a 

much condensed section. In this case cycles UA3 to Bl, and possibly younger cycles, 

are present in attenuated thicknesses. To evaluate this hypothesis the deposits of this 

age along the northern margin as a whole should be considered. There are little or no 

in situ deposits of this age from Mam Tor to Bradwell preserved on the slope or 

between the slope and the Edale Shales.

Given the thicknesses of sediment deposited in SGZ1 in the Chee Tor Rock Member 

it seems improbable that, if accumulation had continued at similar rates, it was all 

subsequently eroded prior to the deposition of the “Beach Beds”, later in the 

Brigantian (details of the Beach Beds are discussed below). Thus, although faulting 

or channelling cannot be ruled out, it seems likely that the upper part of the steep 

slopes formed during the lower Asbian were the site of only limited sediment 

accumulation during the upper Asbian and the lower part of the Brigantian.

The occurrence of Goniatites crenestria (PIa = lowest Brigantian (Riley, 1993)) 

reported by Jackson (1925, p 272) comes, from his description, from dipping beds 

above the tuffs in Nunlow Quarry. This seems unequivocal evidence for Brigantian 

age deposits not many metres above the massive deposits of the early Asbian slope. 

This configuration supports much attenuated sedimentation during the late Asbian and 

early Brigantian on the upper slope.
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5.6.4 Sedimentation on the mid slope during the Brigantian

The “Beach Beds” of Castleton consist of alternations of coarse crinoid rudstone 

(facies le), brachiopod/crinoid rudstone (facies lgi) and black shale partings 

(facies7b). These are grouped into FA6, interpreted above as having been deposited 

in a current-swept base-of-slope apron.

These are situated at the foot of Treak Cliff and Long Cliff, west of Castleton; there 

are also limited exposures around Mich Low near Bradwell. The, down-dip 

equivalents are also recorded from the Castleton Borehole which showed at least 

27.2m of coarse crinoid/brachiopod/intraclastic rudstones, finer grained limestones 

(presumably bioclastic grainstones or packstones) and thin shales. Overlying these 

are nearly 5 m of black calcareous mudstones and crinoidal wackestones. These are 

equivalent to the black limestones that are very poorly exposed at the foot of the slope 

around Castleton.

Parkinson (1953) placed the Beach Beds in the lowermost part of the D2 

brachiopod/coral zone and the overlying muddy limestones in the PI a zone.

Stevenson & Gaunt (1971, 1973) noted the presence of Lyrogoniatites georgiensis 

(P2c (Riley, 1993) in the calcareous mudstones of the Castleton Borehole. This 

means that the Beach Beds and the overlying calcareous mudstones and wackestones 

together represent deposition from almost the whole Brigantian stage. Gutteridge 

(1991) states the deposition of the Beach Beds had ceased by the early Brigantian but 

gives no reference for this statement. The Beach Beds are thus of latest Asbian and 

early Brigantian age.

The Beach Beds are the result of deposition in a deep subtidal environment 

characterised by winnowing of the sediment and by abrasion of the allochems. The 

most likely explanation for this combination is strong current action. No sedimentary 

structures were observed, or have been reported, from these deposits to indicate 

prevailing current direction. Whatever the driving force or vector of the currents, the 

result was transport to some extent of allochems along the mid and lower slope and 

the development of a base-of slope apron along the margin.
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The precise source of the bioclastic material is also problematic. Whilst some of the 

material may have been sourced from the upper slope, it was suggested above 

(Section 5.6.3) that production on the slope was limited in extent. It seems more 

likely that the main factories were sited on the outer platform. This implies that the 

upper slope was to some extent by-passed, material exported to the upper slope passed 

to mid slope and lower slope where it was reworked by current action. No deep 

channelisation of the slope was observed, suggesting a line-sourced rather than point- 

sourced configuration.

These deposits cannot be regarded as true contourites, they are coarser grained and 

formed in shallower depths than those described by Stow et al. (1998) who reviewed 

the known range of fossil contourites. The Beach Beds may fall within their 

definition of outer shelf/upper slope drifts on the grounds of their setting, removal of 

sedimentary fines and grain orientation. However it seems more likely that these 

deposits fall into a separate category which is poorly documented to date.

Sadler (1964) suggested that the Beach Beds were proximal calciturbidites and this 

was followed by Gutteridge’s (1991) conclusion that they were a submarine fan, 

derived from carbonate sandbodies spilling over the platform margin during the late 

Asbian and early Brigantian. The term submarine fan carries the implication of a 

point source (Reading, 1996) and, given the lack of direct evidence for any such, the 

term base-of-slope apron is preferred here.

The presence of black shale partings within the Beach Beds implies episodic periods 

when current action was low and supply of allochems from the platform was low or 

nil. The change upward from the Beach Beds to calcareous mudstones and 

wackestones indicates a more permanent change in export from the platform and 

diminution of the currents. This change occurred above the early Brigantian, 

probably during deposition of the Eyam Limestones and Longstone Mudstones 

Formations and therefore has no equivalents on the outer platform in the area studied 

here.
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5.7 Stratigraphic changes in biota
This is not an exhaustive palaeoecological study but any clear trends, including results 

from the Chee Tor Rock Member, are noted in this section. Changes in macrofaunal 

genera and species are well-documented (Stevenson & Gaunt, 1971 and references 

therein). The stratigraphic ranges o f microbiota recorded from the samples taken are 

shown in Table 3.

Amongst the foraminifera, Howchinia replaces Vissariotaxis and Bradyina appears in 

the late Asbian. Bibradya was rare and only seen in the M iller’s Dale Limestone 

Member. Amongst the main groups o f plurilocular foraminifera, the endothyrids, 

archaediscids and palaeotextularids, there is some turn over o f genera and species but 

diversity and abundance maintained the same pattern in the facies associations 

throughout the section. There appears to be little change amongst the simpler forms, 

Tuberitina, Diplosphaerinna, Earlandia and Gigasbia are present throughout.

Agglutinated forms such as Irregularina were observed only very rarely and no clear 

trend could be deduced. Amongst the algae, Koninckopora appears to become less 

common in the latest Asbian and is not recorded from the Brigantian. Its role as a 

sediment producer in high-energy photic environments is taken over by 

Epimastopora, which appears in the late Asbian and continues up through the 

Brigantian.

The palaeoberesellids Kamaena and Kamaenella are both present throughout the 

Asbian and Brigantian. The larger, more robust form o f the two, Kamaena, is 

markedly more common in the Brigantian. Ungdarella was not recorded from the 

early Asbian (Chapter Four), but is present in the late Asbian and early Brigantian.
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Chee Tor Rock 

Member

Miller's Dale 

Limestones 

Member

Monsal Dale 

Limestones 

Formation

Karlandia X X X

Givashia X X X

Tuberitina X X X

Dinlosnhaerinna X X X

Endothvra X X X
Eoendothvra X X X
Globoendothvra X X X

Omnhalotis X X X
Banffella X X X
Priscella X X X
Bradvina o X X
Bihradva o X o
Endothvranonsis o X X
Eostaffella o X X

Millerella X o X
. Janischewskina o X o
Nevillella o X o
I Jrhanella X o o
Archaediscids X X X
Tptrnlmcis X X X

Vissariotaxis X o o
Howchinia o X X
Monolam X X X
Bilam Palaeotextularids o X X
Koslcinoki venerina o o X

Eorschia o X X

Pseudoammodiscus X X X

Sentatournavella X o X

Glohivalvulina o X X
Saccaminonsis X X X

Koninckonora X X o
Enimastonora o X X
Kamaena X X X
Kamaenella X X X
I Jnvdarella o X X

Stacheiinids X X X
Easciella X X X

Wetheredella X X X

Ortonella X o 0

Girvanella X X X

T able 5.3 Stratigraphic range o f the principle genera o f  microflora and fauna observed in the Bee 
Low Limestones Formation and M onsal D ale Lim estones Formation on the northern margin. X = 
presence, O = absence
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5.8 Discussion
A general model o f the development o f the platform margin may now be synthesised 

and the possible controls discussed. In Chapter Four it was seen that the main control 

on facies distribution was an interaction between third and fourth order variations in 

relative sealevel with tectonic movements playing only a minor role. As will be 

shown below, a more complex picture emerges for this part of the Late Dinantian 

history of the northern margin o f the Derbyshire Platform.

5.8.1 Facies distribution in fourth order cycles, Figure 5.21.

Three stratigraphic periods are defined on the basis o f distinctive styles of 

sedimentation within fourth order cycles. These are; the late Asbian, from UA1 -  

UA5; the Asbian and Brigantian, from UA6 to UA8 and the Brigantian from B1 

upwards. The interpreted environments for these phases, along with the early Asbian 

discussed in Chapter four, are shown in Figure 5.21.

UA1 -  UA5

The Asbian cycles below tuff 5 are composed almost entirely o f FA3 and FA4 with 

only minor occurrences of FA2 (Figure 5 .22), with the latter being more common at 

the platform break. The picture on the outer platform is o f environments similar to 

those seen in the Chee Tor Rock Member, with shoal belts several hundred metres 

wide at least. Productivity on the shoals and in shallow lagoons was dominated by 

phototrophic algae along with some foraminifera, brachiopods and molluscs.

A large part o f the sediment is composed o f  bioclastic material (red algae, crinoids, 

bryozoa and brachiopods) imported by wave action from slightly deeper water on the 

lower face o f the shoals and the platform break. These imported grains were 

generally reworked, fragmented, abraded and micritised whilst in shallow water.
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bioclastic debris. The upper slope Is now by-passed and 
benthic production on the platform break and upper slope Is exported 
to a  base-of-slope apron.

Figure 5.21 Models for sedimentary environments on the margin from early Asbian to early



At locations more than a few hundred metres from the platform break, the packages 

have little internal variation other than between peloid/bioclastic packstones deposited 

in low-energy areas and peloid/bioclastic or bioclastic grainstones in areas with more 

wave reworking. This appears to show that each flooding of the platform resulted in 

water depths o f  little more than 1 Om over the interior areas and up to 20m in the 

deepest areas close to the platform break.

UA 5 has a development of FA 2 at the base that thickens towards the platform 

interior. A similar configuration in Eldon Hill Quarry was interpreted in Chapter Four 

as indicating deposition in a relatively deep lagoon sheltered by a rapidly forming 

shoal forming on the outermost platform. It is also possible that some southward 

tilting o f the platform may have occurred at this time.

Production on the slope consisted o f some microbialite production but was largely 

dominated by a filter-feeding benthos and this resulted in microbial boundstones, 

bioclastic rudstones/floatstones and coarsely bioclastic packstones. This combination 

is similar to that seen in the Chee Tor Rock Member and was summarised as FA1 in 

Chapter Four (Section 4.5.1). No great thickness of these deposits has been proven. 

The lack o f definable surfaces bounding cyclic packages has meant it is impossible to 

demonstrate how the facies stack during a cycle o f sea level change.

UA6 -U A 8

The overall pattern of cycles in this part o f the section differs from that described 

above in several respects. The lower two cycles show marked thinning of the 

packages, with associated changes in facies distribution, towards the basin. The result 

is that the thickest parts of the cycles have a good development of FA2 in the lower 

part and FA3 and FA4 in the upper part (5.22). The thinnest parts of these cycles are 

composed mainly of FA2 capped by only thinly developed grainstones or packstones. 

These latter were probably deposited during sea-level fall and may be composed of 

sediment razored from the shoal areas during regression. The overall depositional 

profile and internal stratal geometry o f these cycles is clearly the result of back- 

stepping and subsequent filling o f the available accommodation space (Figure 5.23) 

but several issues need to be addressed.
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Figure 5.22 Summary logs showing stacking patterns of facies within e a c h  environment across the margin 
during the three main phases defined from late Asbian to early Brigantian
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If the surface below UA7 was close to flat and level when reflooding occurred, why 

did sediment accumulate most thickly at around 1km from the platform break? Two 

solutions seem possible, one being that some northward tilting o f the surface occurred 

such that water depth shallowed and light levels increase toward the interior such that 

production by phototrophic organisms started earlier in the cycle further into the 

platform interior. There is little direct evidence for this scenario; a tilt resulting in a 

10m rise over 1km would be sufficient and impossible to detect at outcrop.

The alternative hypothesis relates rather to the energy and direction of waves and 

currents across the margin. If the transgressed surface was level then light levels were 

roughly equal across the whole area and lateral variability in productivity is more 

likely to be controlled by nutrient supply. The filter-feeding benthos were generally 

most productive close to the basin along this margin and upwelling nutrient-rich 

currents were suggested in Chapter Four as a possible explanation for this 

observation. However, if the prevailing direction of winds and/or currents was 

directed into the interior of the platform then the predominant transport direction was 

also directed to the interior. As wave or current energy was attenuated by friction the 

sediment will be deposited preferentially in zones whose distance from the platform 

break was dictated by grainsize, flow velocity and flow turbulence. This would have 

resulted in a topographic gradient and consequent colonisation by phototrophs may 

have accelerated production and sediment accumulation into what became a shoaling 

zone.

The latter hypothesis has the advantage o f addressing another problem, specifically, 

why are these cycles so attenuated close to the platform break? If  productivity 

amongst the filter-feeding benthos was generally high close to the slope then sediment 

accumulation does not seem to have reflected this.

If a proportion of the carbonate material was transported towards the interior and 

incorporated in the shoals then productivity may have been high but accumulation 

rates low. The predominant facies in these cycles close to the platform break is facies 

2e - a  packstone rich in crinoids, foraminifera and bryozoa. There is little sign of 

persistent winnowing to support the hypothesis. If  correct, it is more likely to have 

been the result of episodic wave action rather than a persistent current.
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Figure 5.23 Diagrams showing the developm ent and response to relative sea-level change o f  the late 
Asbian - early Brigantian low-angle margin, as seen in Hope Quarry, following back-stepping in UA 6. 
LST omitted for clarity - exposure o f  the platform results in rapid meteoric cementation, some erosion 
and a shut down in supply to basin. Based in part on Gawthorpe & Gutteridge (1990).

Each subsequent cycle during this phase has a shoaling zone located closer to the 

platform break than the previous cycle. Presumably once a topographic profile was 

established during UA7 then a productivity gradient already exists at the start of the 

subsequent cycle until the space has been filled and a new flat, or low angle, outer 

platform has been built.

The presence of thin deposits o f microbialite on the slope indicates this style of 

deposition was still occurring in low-energy, deeper subtidal settings.
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The bioclastic sandbody identified in Pindale by Gawthorpe and Gutteridge (1990) 

formed in the deeper water close to the platform break and may represent an earlier 

example of the type o f banks (FA2b) seen more commonly later in the section. 

Comparisons may also be drawn between this structure and the evidence seen in 

Chapter Four for high production in crinoid thickets situated close to the platform 

break in the Chee Tor Rock Member.

B 1 - B 5

These cycles are often distinguished by lateral and vertical variability and by the thick 

development of FA2 in the lower parts o f the packages (Figure 5 .22). 

Microbial/bryozoan/crinoid bioherms developed in deeper water close to the platform 

break early during this period.

Mounds and associated facies (FA 2a) are relatively common towards the interior of 

the area studied and sandbanks developed with steep faces accreting towards the 

platform interior (FA 2b). It remains a possibility that these two associations are 

genetically linked; FA2b may represent a laterally extensive development of the flank 

beds of the mounds. If this is so then FA 2b may properly be regarded as tabular 

mounds or sheet form mounds as described by Lees and Miller (1995) and Gutteridge 

(1995).

Whilst each package shallows up, and has in its uppermost part combinations of FA3 

and FA4, the picture in the mid part o f the cycles was one o f relatively deep subtidal 

areas surrounding the sandbanks and mounds. The mounds were net exporters of 

sediment, especially during storm events. After B l, these cycles are relatively thick 

and this is due to deeper submergence o f the platform during this period.

The platform break area is not preserved from this period but the allochems preserved 

in the base-of-slope apron suggests it may have consisted o f FA2 exporting fragments 

o f crinoids, brachiopods and bryozoa down the slope.

The upper slope appears to have been largely bypassed during this period with 

material accumulating lower down, on the mid and lower slope. Strong currents 

further reworked this material at depth.
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The direction of progradation o f the sandbanks (FA2b) was towards the platform and 

this may have been due to a predominant wind/wave direction directed to the south.

5.8.2 Third order sealevel change versus tectonic controls

Barnett et al. (2002) identified two third order cycles in the Asbian and a further one 

in the lower Brigantian. The Chee Tor Rock Member was shown in Chapter Four to 

represent deposition during the lower Asbian third order cycle. It should be possible 

to identify the signal o f two further large scale cycles in the section studied here.

The lower part of the section (UA1 to UA6) is similar in style to that seen in the Chee 

Tor Rock Member. The main difference being that the development of dark 

limestones o f FA2 as seen in Eldon Hill Quarry (Section 4.6.3) are less well 

developed here and the cycles in the lowest part o f the M iller’s Dale Limestones 

Member are not as thick as those at an equivalent level in the Chee Tor Rock 

Member. This indicates either that flooding was to lesser depths in the upper Asbian 

or, as was speculated in Chapter Four, there was some tectonic subsidence or tilting of 

the platform in the lowest part o f the Asbian. Production on the slope continued but 

appears to have been attenuated compared to former levels. The progradational phase 

seen in the upper part of the Chee Tor Rock Member is not repeated.

This lower part of the Miller’s Dale Limestones Member represents the rising limb of 

the late Asbian third order cycle. As with the Eldon Hill Quarry section, evidence of 

exposure is best developed in tne higher units (UA4 and UA5).

However, the uppermost Asbian cycles (UA7 and UA8) should be expected to 

continue this trend, with thinner, grainstone-dominated sediments on the platform and 

an increase in basinward export and progradation of the margin. The opposite is true; 

the uppermost Asbian sees a marked back-stepping and deepening o f the water over 

the platform during each transgression (Figure 5.24). Bingham (1991) also reported 

deeper flooding in the latest Asbian Other authors (Gutteridge, 1987, 1989; 

Gawthorpe 1986; Gawthorpe et a l , 1989) have reported tectonic disturbance o f the 

platform around the Asbian/Brigantian boundary and it seems likely that the 

phenomenon seen here is due to rapid tectonically induced subsidence. The 

megabreccias and faulting seen on the margin date from around this period as do 

slumps recorded in the Edale Borehole (Gutteridge, 1991; Hudson & Cotton, 1945)

225



A g g r a d a t io n  a n d  s h e d d in gB a c k -s te p p in g

G e o m e t r y  a n d  
g ro w th  s ty le  o f  

m a r g in
,s

T e cto n ic
s u b s id e n c e

Third order sealeve! curve as suggested by Barnett et at. 2002
Sealevel curve d ed u ced  frorin

R e la tiv e
s e a l e v e l

late Asbian cycles from Hope Quarry earty Brigantian cycles from Hope QuarryearV Asbian cycles from Eldon HU Quarry

Figure 5.24 Diagram showing how it is proposed that third order sealevel variation interacted with local tectonic subsidence to produce the changes in depth of flooding 
interpreted from the northern margin of the Derbyshire carbonate platform. The relative sea level curve was constructed by plotting the interpreted depth of flooding for 
each of the fourth order cyclic packages, including those described in Chapter 4 from Eldon Hill Quarry. A line of best fit was then superimposed through these points. 
The third order sea level curve is from Barnett et al (2002). The discrepancy between the two curves may be the result o f a pulse of locally rapid tectonic subsidence in 
the latest Asbian. The timing of the subsidence also coincides with the period of maximum volcanic activity on the northern margin (curve constructed by considering the 
thickness o f tuff deposits preserved and the occurrence of lavas). There is a general trend upward to deeper flooding and this may be due to either a steady increase in 
amplitude of glacio-eustatic controlled sea level variations or an increase in background regional subsidence. The depth of flooding in the earliest Asbian may have been 
increased by a pulse of tectonic subsidence around the end of the Holkerian.



and provide further evidence for this hypothesis. Gawthorpe (1986) reported 

megabreccias in the Bowland Basin which may be deposits o f equivalent provenance 

to the megabreccias seen in this area.

After the platform margin recovered from this period o f rapid subsidence the cycles 

become more regular but the style o f sedimentation had changed. Each flooding was 

to greater depth than was generally seen during the Asbian. This is consistent with 

increased amplitude o f fourth order sealevel variations during the rising limb o f the 

third order cycle, though more rapid background subsidence cannot be ruled out.

Thus, it can be shown that the stacking patterns o f fourth order cycles are still 

consistent with an interaction between fourth and third order cycles, but with the 

boundary between the upper Asbian and lower Brigantian third order sequences 

overprinted by an episode o f tectonic subsidence.

5.8.3 Sedimentation on the slope (SGZ 1)

It is striking that production on the slope, which was prolific during the lower Asbian, 

was much reduced in the upper Asbian. By the Brigantian the slope appears to have 

been largely bypassed. Much o f the sediment produced on the slope was microbialite 

and the presence of similar communities in bioherms on the outer platform and in 

limited deposits on the slope indicates this community was still present. The apparent 

inability o f this community to substantially accumulate sediment despite the presence 

of suitable environments remains puzzling.

One possibility may relate to the link between microbialites forming steep-sided 

accumulations and the presence o f early marine cements as a stiffening framework 

(Renter, 1990). RFC cements are present in the outer platform mounds but not in the 

abundance seen in SGZ 1 during the lower Asbian. If  precipitation o f these cements 

was inhibited then preservation o f mud-rich sediment on a slope in excess of 30 

degrees becomes unlikely. Even if production continued at similar rates to before it 

was much less likely to be preserved in situ. It may be noteworthy that the Castleton 

borehole records show “fine grained intraclasts” and brachiopods associated with 

SGZ 1 from these levels. RFC cements are also absent from the rudstones of the 

Beach Beds despite these being highly porous sediments.
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Gutteridge (1991) investigated the basinal sediments o f the Edale Basin and suggested 

that resedimented carbonates o f late Asbian or early Brigantian age in the Edale 

Borehole are likely to be the distal equivalents to the Beach Beds. The results of the 

present study are not incompatible with Gutteridge’s (1991) model. He points out that 

supply o f resedimented shallow water allochems to the Edale Basin shut down by the 

late Brigantian and proposes the development o f accretionary rimmed shelves along 

with exposure and early lithification as the cause. It suggested here that the most 

likely period for maximum export o f platformal material from the northern margin of 

the Derbyshire Platform spanned the upper part o f the early Asbian, most of the late 

Asbian and part of the early Brigantian. It seems likely that export would have been 

largely shut down during UA 6 and U A  7 and this should be reflected in the record in 

the Edale and Hope Cement W orks Boreholes. In the Edale borehole the relevant 

section (Hudson & Cotton, 1945; Gutteridge, 1991, Figure 11, c. 185 -210m) records 

limestones with shale partings but in neither borehole is sufficient detail provided to 

identify the interval.

5.8.4 Changes in prevailing winds and currents

It was noted earlier (Section 5.6.4) that deposition in the Beach Beds was episodic. 

Whilst this may reflect turbiditic pulses o f sedimentation, the winnowed nature of the 

deposits is interpreted here as indicating the influence o f strong, regular currents. The 

existence of black shale partings must therefore denote cessation o f the current, 

possibly synchronous with a diminution o f supply o f carbonate allochems. The most 

obvious explanation for this is exposure o f  the platform during sealevel lowstands. 

During these periods carbonate production fell dramatically. The attendant changes in 

basinal palaeogeography and bathymetry presumably also led to the temporary re

routing into deeper water, or failure, o f intrabasinal circulatory or tidal currents. In 

the late Brigantian the slope apron was overlain by fine-grained calcareous mudstones 

and wackestones. This seems to indicate a more permanent change to circulation 

patterns coinciding with the progressive drowning o f the platform during the late 

Brigantian. The timing o f the closure o f the circum-equatorial seaway is the subject 

of continuing research, but may have occurred as early as the start o f the 

Serpukhovian (Mii et al., 1999). The changes in marine circulation suggested here 

may be related in part to the onset o f his event.
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The other main change noted is the development of several features on the outer 

platform during the late Asbian and early Brigantian, suggesting a stronger signal of 

southerly directed wind-driven waves than appeared in the early Asbian. If this is the 

case then fine grained sediment will tend to have been transported southwards across 

the platform interior and this question will be addressed in Chapter Six. The main 

effect seen on the northern margin is that the source area o f shallow water grains is 

likely to have been restricted to the outermost platform, platform break, and upper 

slope. The facies associations (FA1 & FA2) found in these areas are those richest in 

the allochems found in the base-of-slope apron. Gawthorpe and Gutteridge (1990) 

describe the sandbodies, such as that in Pindale, as prograding north to the platform 

break. They however state that these sandbodies were primarily mobilised by storms 

and storm generated waves may not have had the same track as the more general 

wind-driven waves.

5.9 Conclusions
1) An episode of tectonic subsidence, that post-dates the main volcanic eruptions in 

this district, occurred in the latest Asbian. This resulted in back-stepping of the 

margin by at least 1km. The margin recovered over three fourth order cycles and this 

recovery took the form o f progradation basinward until the previous platform break 

was reached.

2) There is no clear evidence for an increase in siliciclastic input to the platform 

upward through the section in this district. The apparent inhibition of automicritic 

accumulation on the slope may be due to the cessation of precipitation of RFC on the 

slope and this in turn may indicate some change in seawater chemistry.

3) The apparent switching on and off o f intrabasinal currents is taken here to indicate 

changes in basinal circulation patterns at a fourth-order scale. A more permanent 

change in circulation patterns is indicated in the late Brigantian.

4) There is sufficient evidence to tentatively support a windward setting for the 

northern margin in the Brigantian. This is in contrast to the early and mid Asbian
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where no clear signal is seen, and, if  confirmed, suggests a change in atmospheric 

circulation sometime in the latest Asbian or earliest Brigantian.

5) The distribution o f facies zones, and consequently the stratal architecture and 

overall geometry o f the margin was still controlled by an interaction between fourth 

and third order cycles in sealevel change. The tectonic episode demonstrated (point 1 

above), overprinted this pattern and temporarily obscured the signal.

6) The conclusions o f previous workers (e.g. Aitkenhead et al., 1985) that the 

platform was subjected to deeper transgressions in the Brigantian than in the Asbian 

are supported here. Whether this was due to an increase in amplitude o f fourth order 

glacio-eustatic sealevel changes or an increase o f rate o f subsidence has not been 

resolved.

7) No changes in biota that may have resulted in the observed changes in facies 

architecture or marginal geometry were found. The most significant change seems to 

be the establishment of microbial/bryozoa/crinoid bioherms on the outer platform. 

The core facies of these mounds appears similar to that which abounded on the 

platform break and slope lower in the Asbian. On the slope, during the late Asbian 

and Brigantian, this facies left only thin deposits. The cause for this switch remains 

unclear.
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CHAPTER 6
A COMPARATIVE STUDY OF THE SOUTHERN MARGIN OF 

THE DERBYSHIRE CARBONATE PLATFORM DURING THE 

LATE ASBIAN AND EARLY BRIGANTIAN: TECTONIC 

SETTING VERSUS WINDWARD/LEEWARD EFFECTS.

6.1 Introduction
It was seen in Chapter 5 (Section 5.8.4) that some evidence exists on the northern 

margin o f the Derbyshire platform for predominantly southerly directed wind-driven 

waves during the early Brigantian. I f  this hypothesis is correct then the northern 

margin was a windward margin and the opposite side o f the platform should show 

evidence for a leeward setting. Sedimentological asymmetry is well documented 

across modem platforms such as the Great Bahama Bank (e.g. Gebelein, 1974; Tucker 

& Wright, 1990; Harris et al., 2001) and has also been demonstrated in ancient 

carbonate deposystems (e.g. Blendinger & Blendinger, 1989). In contrast to the 

Bahamian model of facies tracts controlled by unidirectional windward to leeward 

energy flux, Owens et al., (2000) suggested that the facies architecture of a Miocene 

platform in offshore Vietnam was largely controlled by the combined effects of 

antecedent relief and eustatic sea level changes.

The tectonic setting and consequent history o f subsidence rate o f the southern margin 

may differ from that of the northern margin documented in Chapters 4 and 5. If the 

existing models of the underlying structure are correct (Smith et al., 1985, Gutteridge, 

1986), the northern margin is on the footwall o f a tilt block whilst the southern margin 

is on a hanging wall or flat-topped block (Figure 2.8). The different tectonic setting 

may be reflected in the sedimentary record on the southern margin.

These are important issues for reservoir characterisation. If sedimentological 

variations are due to regional tectonic setting then prediction of spatial variations in 

porosity and permeability may be aided by analogy. Windward -  leeward effects are 

poorly constrained in other outcrops used as analogues for reservoirs hosted in
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Figure 6.1 Sketch map o f  the Wirksworth -  Matlock area showing outcrop o f  Dinantian formations 
and location mentioned in text. Line o f  seism ic sections shown in Figure 6.3 also shown.

Carboniferous carbonate platforms. The Bashkirian -  Moscovian outcrops of the 

Sierra de Cuerra in northern Spain (Della Porta, 2003; Bahamonde et al.. 1997, 2000) 

show only one slice through a platform with no evidence for variations along the 

strike of the margin.

6.2 Locations
The town of Wirksworth is located on the southernmost outcrop of the Dinantian 

Derbyshire carbonate platform (Figure 6.1). The fortunes of the town and the 

surrounding villages were built, to a great extent, on mining and quarrying for lead 

and stone. This has a left a legacy of numerous quarries, both working and now 

disused, revealing the limestones.

Figure 6.2 (overleaf) Map o f  the quarries northeast o f  Wirksworth showing the locations mentioned 
in the text.
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Figure 6.3 (previous page) Seism ic lines located south o f  Wirksworth. These show a steep sided area 
with poor, chaotic reflectors onlapped by basinal sediments during the late Dinantian and Namurian. 
This feature may be the slope o f  the Dinantian platform margin in subcrop. The feature was finally 
buried by W estphalian shales and sandstones (See Aitkenhead, 1977). Faulting in the basinal area is 
probably related to late Carboniferous -  early Permian inversion (Smith & Smith, 1989). Seismic 
data courtesy o f  BG.

Three o f these quarries (Figure 6 .2) are described in some detail in this chapter. 

Middlepeak and Dale quarries are essentially one large complex that became disused 

in the early 1990’s. Together they provide a section c. 130m thick through the upper 

part o f the Bee Low Limestones Formation, the Monsal Dale Limestones Formation 

and the lowest part o f the Eyani Limestones Formation (more detail o f the 

stratigraphy is given below in Section 6.3). The exposures are still relatively fresh, 

especially in Middlepeak Quarry, and the biggest problem has been safe access to 

high, recently blasted, faces.

Baileycroft Quarry is a much smaller exposure, sited within the town to the southeast 

of Dale Quarry, which was abandoned much longer ago. Disrupted units above the 

Bee Low Limestones Formation in Baileycroft Quarry were previously interpreted as 

indicating proximity to an “apron re e f’ (Frost & Smart, 1979).

All three locations were described previously by Frost and Smart (1979), though 

Middlepeak has been extended considerably since their account, and interpreted to be 

located close to the platform break, following Smith et al. (1967).

The closest unequivocal outcrop o f  the platform break is at Hopton and Carsington, 

some 2km to the west, where an Asbian steep slope, similar to that described from the 

Castleton area, is present. If the early Asbian platform break continues along the 

same strike eastward in subcrop it passes less than 1km south o f Dale Quarry (which 

is therefore closely comparable in this respect with Hope Quarry in the north). 

However, 2d seismic lines, acquired in the 1980s, to the south of Wirksworth suggest 

a feature with the appropriate geometry located further south (Figure 6.3). If  the latter 

is the case, then the steep-fronted Asbian margin is around 2km south of Dale and 

Middlepeak Quarries in subcrop. Despite this uncertainty these locations are still the
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best available for the purpose o f comparing late Asbian to early Brigantian sections 

with those from the northern margin.

6.3 Stratigraphy
As in previous chapters the standard nomenclature o f Aitkenhead and Chisholm 

(1982) will be used here and supersedes the lithostratigraphy o f previous authors 

(Figure 6.4). Three Dinantian formations outcrop in the study area, the upper part of 

the Bee Low Limestones Formation, the Monsal Dale Limestones Formation and the 

Eyam Limestones Formation. Accounts o f the more general nature o f these 

formations in the wider district may be found in Aitkenhead et a l  (1985), Smith et al. 

(1967) and Frost and Smart (1979) (see also Sections 3.3.2 & 3.3.3).
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Figure 6.4 Currently accepted lithostratigraphy o f  the Derbyshire carbonate platform, with the 
stratigraphy o f  previous workers in the southern part o f  the platform, ammonoid stratigraphy and 
coral/brachiopod stratigraphy.
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Figure 6.5 Photo o f  the northern faces o f  Middlepeak Quarry with the cycles identified labelled.
The brown staining in the lowest levels is due to oxidation o f  pyrite in clay bands. The distinct 
bedding plane at the top o f  UAS3 is the boundary between the Bee Low Limestones Formation and 
the Monsal Dale Limestones Formation and closely equivalent to the Asbian/Brigantian boundary 
(Chisholm e ta l., 1983).

All the limestones are regarded as being o f  “m assif’ or “shelf’ facies (Frost & Smart, 

1979), with the sense that are relatively shallow water limestones rather than being 

basinal facies.

The Bee Low Limestones Formation consists o f thickly bedded or massive, pale grey, 

peloidal or peloidal/bioclastic packstones or grainstones with some tu ff  clay bands. 

The Monsal Dale Limestones Formation are generally darker in colour and more 

variable in texture, ranging from thinly bedded dark mudstones or calcisiltites up to
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thickly bedded or massive, coarse, bioclastic grainstones and may contain some chert 

as nodules or bands. The junction between the two formations is marked in the 

Matlock area by the Lower M atlock Lava (Smith et al., 1967; Chisholm et al., 1983), 

but this horizon is not present in the quarries studied here. The Eyam Limestones 

Formation is composed o f thin-bedded, dark mudstones, wackestones and packstones 

with abundant chert and shale partings.

The bio stratigraphy o f the Bee Low Limestones Formation and the Monsal Dale 

Limestones Formation is discussed by Chisholm et al. (1983), with particular 

reference to a borehole at Aldwark (to the north o f the Wirksworth area). It was 

confirmed that the Bee Low Limestones Formation is o f Asbian age and that the 

Asbian/Brigantian boundary is at, or close to, the boundary with the overlying Monsal 

Dale Limestones Formation. One interesting result was the observation that 

Koninckopora, which is not reported from strata younger than Asbian elsewhere, was 

present in a mixed assemblage in the lowest part o f the Monsal Dale Limestones 

Formation.

Frost and Smart (1979) reported the presence o f  a Girvanella band in the Monsal Dale 

Limestones Formation in M iddlepeak Quarry and suggested it to be the equivalent of 

the Upper Girvanella Band in north Derbyshire. This horizon was not located in the 

present study, though it may be present in one o f the parts o f the section that proved 

impossible to access.

In the studied quarries the boundary between the Bee Low Limestones Formation and 

the Monsal Dale Limestones Formation is taken at a palaeokarstic surface overlain by 

a black shale which is at the base o f the dark limestones (Figure 6.5). The base of the 

Eyam Limestones Formation is taken at the lowest occurrence o f thin-bedded chert 

rich limestones. Cyclic packages within the formations are numbered as for those of 

Hope Quarry but with the suffix “s” to distinguish them. So the cycles in the Bee 

Low Limestones Formation are labelled UAS1 -  UAS2 etc. whilst those in the 

Monsal Dale Limestones Formation and the Eyam Limestones Formation are labelled 

BS1 -  BS2 etc.
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6.4 Lithofacies and facies associations
Many o f the lithofacies found in these quarry sections are sim ilar to  those described 

from the northern margin (Chapters 4 and 5, Sections 4.4 &  5.4). These will not be 

described again in detail. The main changes noted are in th e  diversity, abundance and 

state o f preservation o f the m icrobiota and these changes w ill be described in 6.4.2 

below. Two new lithofacies, ooid grainstones and calcisiltites, are described in detail. 

One variation on facies lc  is described; this is due to  its occurrence in distinctive 

bedforms not seen on the northern m argin.

6.4.1 Lithofacies descriptions and interpretations

lc(b) Well to moderately sorted and well-rounded peloid/bioclastic grainstones 

deposited in elongate narrow sandbanks

These grainstones are composed o f  pelo ids and bioclastic grains w ith almost no 

sedimentary fines (Figure 6.7 D). T he grains are well to m oderately sorted and very 

well rounded and range in size betw een 0.5 and 1mm. The com m onest bioclastic 

grains (c. 60%) are echinoderms and brachiopod valves w hilst the peloids (c. 30%) 

are partly made up of grains w hich ap p ear to be the result o f  com plete micritisation of 

bioclasts but the majority appear to be dense rounded pellets o f  calcareous mud, 

sometimes with obscure internal tex tures. The degree o f  m icritisation o f the bioclasts 

is variable from completely unaltered echinoderm  fragm ents to  the peloids. Most of 

the brachiopod fragments have a superficial rind o f  alteration that thins towards the 

more pointed ends o f the fragments, suggesting abrasion occurred  concurrent with or 

after the micritisation.

A limited range (Eostaffella, endothyrids, and archaediscids) o f  foraminifera are 

present and are generally common, bu t are, without exception, thoroughly micritised 

and abraded. Some rare abraded fragm ents o f Epimastopora  and Ungdarella were 

observed.

Apart from the petrological characteristics o f  this facies it is distinctive in that it 

occurs in banks which range in height from  3 m to 10m and m ay be up 40m across.
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These features are flat based and may be either massive internally or show some large 

scale cross-bedding running the full height o f the bank (Figure 6.6).

Interpretation -  facies lc  (b)

These grainstones were deposited in an environment where energy levels were high 

enough to effectively winnow the sediment and prevent the deposition of any mud or 

silt sized material. The allochems show evidence o f prolonged reworking and sorting, 

either by wave or current action. It seems most likely that all o f these allochems were 

transported to some degree and accumulated in these banks by hydrodynamic 

processes. The provenance o f the grains is problematical. Most, but not all, o f the 

grains have resided in shallow euphotic depths, when they became micritised. They 

may have been transported over long distances, as shown by the high degree of 

rounding and sorting. All o f  the foraminifera are o f robust genera likely to have been 

sourced in shallow environments and their degree o f abrasion and micritisation 

indicates prolonged residence in shallow water. The lack o f the dasycladacean algae, 

which are common in other examples o f high-energy grainstone facies described in 

Chapters 4 and 5 may suggest a deeper setting and the action o f some sort o f current 

in winnowing these deposits.

All that can be conclusively stated here is that these banks formed in an environment 

where hydrodynamic action sorted and deposited accumulations o f grains, sourced in 

shallow areas. No definitive assessment o f the water depth will be attempted here. 

This facies will be considered again in Section 6.4.3 as part o f an association of 

facies, and an overall model o f environments, including the nature of the currents, is 

synthesised in that section.

Figure 6.6 Overleaf. Sandbanks in B S3. Locations are shown on Figure 6.9 A: Sandbank 1 with large-scale 
cross-stratification (dips and dip directions shown in Figure 6.13, middle log); height o f cross stratified unit is 
8.5m. B: Sandbank 4, smaller bank with lower angle cross-stratification, person for scale. C. Sandbank 2, 
flank o f bank showing edge o f bank thinning and passing into adjacent fine packstones. D: Sandbank 2, 
showing overall geometry o f  flank and top o f  mound.
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Figure 6.6 See previous page for legend



la(o) Ooid grainstone

These are very well sorted grainstones composed almost entirely o f fine ooids (0.3 -  

0.6mm) with multiple coats o f radial calcite (Figure 6.7 A & B). The nucleii o f the 

ooids are peloids, abraded fragments o f foraminifera, echinoderm, brachiopod and 

unidentifiable bioclasts. Very rarely some of the ooids have regions of fine blocky 

spar o f coarse microspar replacing an inner layer of the cortex. The degree of 

micritisation o f the ooids is variable but in most samples the ooids have some degree 

of micritisation and highly altered ooids are common.

In addition to the ooids a sparse to rare biota o f foraminifera, molluscs, algae and 

problematica is also present though, with the exception of rare foraminifera, are 

almost ubiquitously abraded to the same size range and shape as the ooids. Thin 

superficial coatings are common on these components. The genera identified are 

archaediscids, Bradyina, Earlandia, Endothyra, Eostaffella, Fasciella, Gigasbia, 

Globivalvulina, monolaminar palaeotextularids, Omphalotis and Ungdarella. A 

macro fauna o f abraded brachiopods, solitary rugose corals and chaetaetids also 

occurs, though these are generally sparse or rare.

The intergranular spaces are infilled by drusy spar, though pore-bridging micritic 

cements are also common. Thin, finely acicular, isopachous cements are also 

occasionally present. Porosity is sometimes present and there appears to have been 

some etching as porosity occurs patchily in grainstones otherwise cemented as 

described above (Figure 6.7 C shows a similar texture in facies la).

These grainstones occur in thickly bedded or massive units between 30cm and 2m 

thick.

Interpretation -  facies la(o)

These ooid grainstones are interpreted as having formed in very shallow (less than 

5 m) sub-tidal marine conditions in seawater saturated with respect to calcium 

carbonate. The replacement textures are interpreted as being after aragonite and 

suggest these ooids may originally have been bi-mineralic. The radial fabric and 

occasional occurrence o f bi-mineralic coatings suggest elevated salinity and 

temperature (Tucker & Wright, 1990). In the Smackover Formation of Alabama,
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USA, the occurrence o f bi-minerallic ooids is taken to indicate more restricted 

conditions prevailing. (Tedesco, 2004).

The low abundance and generally abraded nature o f biota preserved with the ooids 

suggests these were largely imported from adjacent areas. The depositional 

environment o f these grainstones is interpreted as a very shallow area with some wave 

action such as a sand shoal or bank. Tucker & Wright (1990) pointed out that for 

ooids to form they need to remain within the producing area for long periods and this 

often occurs on tidally influenced shallow margins.

2i Very fine bioclastic packstones -  calcisiltite

In hand specimen these appear to be mudstones or wackestones which may have a 

porcellaneous appearance to weathered surfaces. In thin section they are composed of 

fine, well-sorted calcareous silt with a size range from 0.02 to 0 .1mm (Figure 6.7 E, F, 

G & H). Coarser varieties may be placed within lithofacies 2e 

(Palaeoberesellid/foram/crinoid packstone -  Section 4.4.2), those examples which are 

at the finest end o f the range may be more properly called mudstones or wackestones 

but are still grouped here as very fine packstones or calcisiltites. The biota present 

within this silt matrix is generally sparse or rare. Foraminiferal genera observed 

include rare examples of archaediscids, mono- and bi-laminar palaeotextularids, 

Endothyra, Endothyranopsis, Globivalvulina, Globoendothyra, Priscella, 

Septatournayella, Tetrataxis and Tuberitina. The commonest genera present are 

Bradyina, Earlandia, Gigasbia and Eostaffella. Fragments o f Ungdarella, Fasciella, 

bryozoa and stacheiinids also occur but are rare. Kamaenella is relatively common 

and a gradation between recognisable examples and the crystalline silt may suggest 

much of the latter is derived from degradation o f  the former. Kamaena is rare.

Larger bioclasts present include fragments o f echinoderms, brachiopods, molluscs and 

corals but these are also only sparsely present and often show signs of abrasion at 

variance with the generally muddy nature o f the sediment. Monoaxon sponge 

spicules are common generally and in two o f the samples taken are abundant. The 

degree o f endolithic micritisation o f the bioclasts is variable ranging from deeply 

micritised to completely clean. The matrix is composed of homogeneous micrite 

recrystallised in part to microspar. This facies occurs in thin beds ranging from 10cm 

to 30cm thick, often with black shale partings.
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Figure 6.7 Photom icrographs from the southern margin; see following page for legend



Figure 6.7 (previous page) Photomicrographs from the southern margin
A: Facies la(o) Ooid grainstone with radial ooids and some micritised bioclasts. FOV 1.4mm
B: Facies la(o) Ooid grainstone with radial ooids from resedimented units in Baileycroft Quarry.

Stained thin section, FO V 1.6mm  
C: Facies la  Bioclastic grainstone from U A S1, close below  overlying clay, composed o f

micritised bioclasts, forams (endothyrids, left and centre, monolaminar palaeotextularid, right) 
and micritic lumps (bottom). N ote thin isopachous early marine cements, intragranular 
cement fills and intergranular porosity, interpreted as being due to late diagenetic leaching. 
Resin impregnated thin section, FO V 1.4mm.

D: Facies lc(b) Peloid/bioclastic well-sorted and well-rounded grainstone composed o f  peloids 
and bioclasts that have been micritised and abraded. Eostaffella  at centre left and archaediscid 
at bottom right both have been micritised and reworked. Sandbank 2, FOV 3.25mm.

E: Facies 2i Calcisiltite from im mediately b elow  sandbank 2. A  ground o f fine bioclastic debris 
with micrite -rich  aggregate grains and an abraded brachiopod valve (lower right). FOV  
3.25mm.

F: Facies 2i Calcisiltite with com m on foram s (Earlandia, Eostaffella, Globoendothyra, 
Globivalvulina). FOV 3.25mm  

G: Facies 2i Calcisiltite with unabraded and unmicritised echinoderm fragment. FOV 3.25mm  
H: Facies 2i Calcisiltite with unabraded and unmicritised bivalve shells, fragmented by post- 

-burial compaction. FOV 3.25m m

Interpretation -  facies 2i

The abundance o f micrite and silt in this facies suggests a low energy environment. 

The variable micritisation o f the bioclasts may suggest a photic environment with 

some input from deeper areas or the reverse, a generally dysphotic area with some 

input from a shallower area. The abundance o f Kamaenella suggests a setting around 

fair weather wave base in a sheltered area, by analogy with the work of Gallagher 

(1998) and Horbury (1996). However, these are present in a noticeably broken form 

and with a narrow size range in any one sample suggesting some degree of sorting 

during transport. The dascyladacean algae Koninckopora and Epimastopora are 

completely absent. These genera occur preferentially in high-energy environments 

but their absence here may indicate a dysphotic environment. The low abundance of 

foraminifera seems to suggest a low diversity community, perhaps stressed by 

elevated salinity or low nutrient levels.

This contradictory evidence appears to point to two competing hypotheses. These 

rocks may have been deposited in, shallow, subtidal hypersaline lagoons with a low 

diversity biota o f palaeoberesellids, sponges and some, largely infaunal, foraminifera. 

Alternatively the environment may have been in deeper water with a high input of 

mud and silt from a shallow low energy area with diversity reduced by the elevated
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salinity of the waters bringing the silt from shallow lagoons where evaporation rates 

were high. In a study o f the leeward margins o f the northern Bahamas, Mullen (1996) 

found that shallow water benthic foraminifera were transported off bank. A similar 

situation may have occurred here, such that the restricted range of genera present 

reflects conditions in the source area.

No sedimentary structures were observed in these sediments and this is taken to 

indicate a high degree o f bioturbation. I f  this facies was deposited in shallow 

hypersaline lagoons then it would be expected that some lamination might be 

preserved.

The second hypothesis is favoured. These sediments were deposited in a low energy 

area below fair weather wave base. The silt and mud was imported from shallow 

areas where elevated salinity, caused by high evaporation, allowed only a restricted 

biota. In situ production was largely restricted to sponges and infaunal foraminifera.

6.4.2 Diversity and abundance of microbiota

As a further means o f comparing the northern and southern margins o f the platform, 

the overall abundance and generic diversity o f foraminifera was calculated for each of 

the lithofacies described from the W innats Pass to Hope Quarry area (Sections 4.4 & 

5.4), and from the three quarries described here. This analysis includes the Miller’s 

Dale Limestones Member (or the upper part o f the Bee Low Limestones Formation 

where it is undivided) and the Monsal Dale Limestones Formation. As the Eyam 

Limestones Formation is not present in the Hope Quarry section, samples o f this 

formation from the southern margin were not included.

The thin sections (c. 15 x 30mm) were assessed by visual estimation and abundance 

was ranked as absent (0 present), rare (5 or less), sparse (5 to 15), common (15 -30) 

or abundant (more than 30). The generic diversity is simply the number of different 

genera present in all the samples o f a facies. This only a semi-quantitative technique, 

but the purpose o f the exercise was comparison between the two margins, and the 

same technique was applied to both sets.
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The results are displayed below in Figure 6.8. In Figure 6.8 A and B the abundance 

and diversity are shown for the southern and northern margins respectively. The 

narrower range o f lithofacies found in the south is due to the less diverse 

environments represented. Figure 6.8 C and D compare these variables more directly 

for the two areas.

On the southern margin, foraminiferal abundance in grainstones is higher than on the 

northern margin. The exception to this is facies la, this is the facies interpreted to 

have suffered most wave-reworking and there may be some hydrodynamic effect 

skewing the result in this case. In the packstone facies, the higher abundance, with 

the exception o f facies 2d, is on the northern margin.

In the case o f diversity the trend is clearer. In all facies compared, except facies la, 

diversity is lower on the southern margin.

There are several factors that may effect the distribution o f foraminifera in this way. 

If all the examples observed remained in or close to the environments in which they 

lived then taphonomic effects may still skew the distribution o f preserved examples. 

If this is the case then the patterns reflect syn-sedimentary, early burial or diagenetic 

effects which are beyond the scope o f  this study.

The distribution may accurately reflect the actual patterns so that the southern 

population was o f lower diversity but with numbers broadly comparable to those on 

the northern margin. However this makes no allowance for transport, which must be 

a factor for, as observed above (Section 6.4), many o f the foraminiferal tests show 

signs o f micritisation and abrasion. In the modem Bahamas benthic foraminifera 

make up a significant proportion o f  the calcareous material transported across and off 

the banks (Mullen, 1996).

The lower diversity in the south is interpreted here as the result o f some elevation of 

temperature or salinity in the waters over the margin. This may be due to restriction 

caused by some physical barrier between the sampled sites and the open water of the
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Figure 6.8 Graphs o f  the diversity a id abundance o f  foraminifera preserved in the upper part o f  
the Bee Low Limestones Formation and the M onsal D ale Limestones Formation on the northern 
(Hope Quarry) and southern (M iddlepeak, Dale, Baileycroft Quarries) margins. A: shows both 
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are omitted as they do not occur in both areas. See interpretation in text.
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Widmerpool G ulf to the south, or may be due to persistent southerly flow o f water 

from the interior o f the platform where evaporation rates may have been high. There 

is no evidence exposed o f any physical barrier to circulation but it cannot be ruled out.

The patterns o f foraminiferal abundance support a model where transport is an 

important control. The grainstone facies have lower numbers in the north, where the 

source area, assuming a southerly directed wave regime, is restricted to the outermost 

platform and the upper part o f the slope. In the south the source may have been both a 

wider area of shallow platform interior and, in the Brigantian, deeper areas where 

intraplatformal basins were forming (Gutteridge, 1989). In the deeper or more 

sheltered environments, where packstones were forming, import and export of 

material was less important than in situ production so the higher abundance in the 

north in these environments reflects more normal marine conditions.

Two other observations are worth discussing here. The lowest abundance and 

diversity recorded on the northern margin (Figure 6.8, B) were from microbialites or 

associated flank beds (facies If, 2h, 4b, 4c, 4d, 4e) and from the Girvanella-rich 

grainstones and packstones (lh , 2g). In the case o f the latter this may support the 

interpretation (Section 5 .4) that these sediments originated in truly restricted 

environments.

The record of facies 2i, the calcisiltites described above, show abundance and 

diversity more comparable with the open marine packstones (facies2e) rather than 

restricted facies like 2g. This supports the hypothesis that these were deposited in 

relatively deep water rather than in hypersaline lagoons.

6.4.3 Facies associations

O f the eight facies associations defined in previous chapters (Sections 4.5 & 5 .5), four 

are not present in this study area at all. The platform break/upper slope association 

(FA1) and base-of-slope apron association (FA6) are present, if at all, in subcrop. On- 

platform mounds (FA2a) and extensive, laterally-accreting banks (FA2b) are not 

present, though the former are present in exposures o f the Monsal Dale Limestones 

Formation c. 1km to the north west (Gutteridge, 1995). O f the remaining four facies
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Figure 6.9 Map o f  Middlepeak and Dale quarries showing the location o f  the four sand 
banks in BS3. Also shown are the long axes o f  the banks and, where present, dip 
directions o f  cross-stratification.
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associations, two require some revision. The associations that remain unaltered are 

FA3, shallow subtidal lagoonal environments, and FA5, intertidal to sub-aerial 

environments. To maintain the distinction between the new variants and the 

previously described associations, the new associations are given new codes by the 

addition of the suffix “s” to denote its occurrence on the southern margin.

Facies association 2s Deeper subtidal platformal environments

This facies remains essentially unchanged from FA2 except for the addition o f facies 

2i, the calcisiltites described above. These are interpreted as indicating the export 

from the platform interior o f large volumes o f  calcareous mud and silt along with 

reworked bioclastic allochems and peloids (Figure 6.10). Water depths are interpreted 

as being below fair weather wave base but may have been relatively shallow, possibly 

less than 10m, if the margin was on the sheltered side o f the platform. Conditions 

varied from normal marine to slightly elevated salinity.

Facies association 2c Tidally-influenced sandbanks

It is perhaps slightly misleading to define these features as a facies association as they 

are composed o f only one facies (lc(b)). They do form a distinctive package that 

does not sit easily within the other associations (except perhaps FA2s).

Petrologically they are composed o f  very well sorted peloid/bioclastic grainstones and 

this should lead to the conclusion that they formed by wave action. However, the 

larger scale relationships contradict this. All the other grainstone bodies described 

(Sections 4.6.3 & 5.6) are sheet forms, extensive over hundreds o f metres and may 

show, though poorly preserved, some small-scale (cm -  dm) trough cross-bedding 

indicative o f oscillatory waves. In addition, they show large scale trends in grain size 

and sorting, usually fining and becoming better sorted upwards. In contrast, the 

grainstone bodies in FA2c are elongate in length compared to width (Figure 6.9), have 

sharp bases and tops, show very little internal variation beyond occasional coarser 

bands and have no small-scale sedimentary structures.
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Figure 6.10 Models o f  proposed sedimentary environments for facies 
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The underlying beds are composed o f facies 2i or 2e and the very highest parts of 

these contain a very few rounded bioclastic grains, presaging the banks above. The 

banks themselves are massive and have rounded tops where visible (Figure 6.6 D). 

They thin rapidly, over tens o f metres or less, off bank and may pinch out or pass into 

a thin unit o f facies 2i. The upper surface is also a sharp transition. In one example 

(Figure 6.6 D) the whole bank appears to  be preserved, though the upper surface is 

marked by a thin brown clay. In another location (Figure 6.6 A) there appears to 

some truncation o f the upper surface. Adjacent to the banks are deposits of facies 2i, 

2e, and 2 f which drape the bank. The long axes o f these features appears to lie mostly 

N-S (Figure 6.9). Large-scale cross-stratification (Figure 6.6 A & B) in banks 1 and 4 

is also directed southward (Figure 6.9).

These relationships are interpreted to signify that these features formed in relatively 

deep water. Well-sorted grains, largely sourced from the platform interior, were 

deposited in elongate banks orientated and winnowed by some form o f current action 

(Figure 6.10). The N -S  alignment is directed perpendicular to the presumed strike of 

the margin.

It is suggested here that the currents may have been tidal in nature. The banks were 

widely spaced so it seems that the environment as a whole was largely mud- 

dominated, but that bioclastic sand was swept into linear banks raised above the 

general level o f the sea floor. An analogue for such an environment may be the tidal 

ooid bars around the Tongue o f the Ocean on the Grand Bahama Bank. The scale is 

however much smaller in these banks. W anless and Tedesco (1993) state that in the 

tidal bar belt on the southern end o f  the Tongue o f the Ocean the banks may be 10 to 

20km in length and separated by channels 1km in width. These banks are much 

narrower, though the height is roughly comparable, and separated by channels 300 -  

500m in width. The explanation may lie in sediment supply. These banks are 

composed o f bioclastic sand grains and were presumably limited by the supply of 

sand transported by storm events. In the Bahamian examples the sediment is supplied 

by active ooid formation in the immediate area. Although the grains in these 

examples are not ooids, they are o f  the same size and shape and will have behaved 

hydrodynamically in a similar manner to ooids. In the case o f the Bahamas, focusing 

in the Tongue o f the Ocean increases the tidal range. It is striking that
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palaeogeographical reconstruction o f the Widmerpool Gulf (e.g. Frost and Smart, 

1979; Gutteridge, 1987; Smith & Smith, 1989) make it o f a comparable size and 

shape.

Facies associations 4si and 4sii Shallow subtidal shoal environments

There is a clear division in the section between those examples o f FA4 which conform 

to the previously given description and those which are dominated by facies la(o) 

(ooid grainstone). In both, sheets o f grainstone occur in the upper part of cyclic 

packages.

Those that are composed o f bioclasts and peloids are essentially as described in 

Chapter 4 (Section 4.5) and the description will not be repeated here. These are 

interpreted as having been deposited in wave-washed shoals up to hundreds of metres 

across that formed at highstand.

The ooid-rich examples must represent some variation in environment and hence are 

given the code of FA4s. The package consists o f a gradation up from underlying 

peloid or peloid/bioclastic packstones o f FA3 up into massive or thickly bedded ooid 

grainstones. These are either truncated by a palaeokarstic surface or may be overlain 

by a thin development o f FA3 or intertidal wackestones o f FA5.

This association indicates deposition in shallow subtidal shoals with water depths less 

than 5m and with some degree o f  wave reworking. The water must have been 

saturated with respect to calcium carbonate and levels o f salinity and temperature may 

have been elevated (Tucker and W right, 1990) by evaporation across the shallow 

interior of the platform, an interpretation supported by the occurrence of bi-minerallic 

ooids (Tedesco, 2004). Four types o f area exist on the modem Bahama banks where 

active generation o f ooids is occurring (Wanless & Tedesco, 1993); in all 4 types 

there is some effective tidal circulation. The four environments are, (1) marine sand 

belts, (2) oolitic tidal bar belts, (3) oolitic flood-tidal deltas and (4) ooid sediment 

production restricted through shoaling. The ooid grainstones here occur in two forms, 

as a laterally extensive sheet (FA4si), which is more likely to be equivalent to a 

marine sand belt and as a thinner less extensive sheet associated with a bioclastic 

shoal (FA4sii). The latter may be analogous to either (3) or (4) above.
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6.5 Facies distribution
In this section the observed sta:king patterns, and lateral variations, within cyclic 

packages will be briefly described. An overall cross section through Middlepeak and 

Dale Quarries (Figure 6.11) shows three sub-divisions may be drawn. The highest 

sub-division consists o f  the lowest units o f  the Eyam Limestones Formation and the 

upper part o f the Monsal Dale Limestones Formation (BS4 -  BS9). These are 

grouped together as they all show a consistent change from mixed grainstones and 

packstones in the north to chert-rich, thin-bedded packstones or wackestones in the 

south. Below these, the lowest three packages in the Monsal Dale Limestones 

Formation (BS1, BS2 & BS3) do not show the same distribution o f facies and will be 

treated as a separate sub-division. The lowest sub-division includes all the exposed 

units o f the Bee Low Limestones Formation. These show very little lateral variation.

6.5.1 Upper part of the Bee Low Limestones Formation

There are around 65m o f the B^e Low  Limestones Formation exposed in the lower 

part o f Middlepeak Quarry and 35m in D ale Quarry. These are arranged in packages 

composed mostly o f FA3 with FA4 sometimes occurring in the upper part. 

Occasionally, intertidal wackestones o f  FA5 form a thin cap to the cycle. Cycle 

boundaries are easiest to identify when grey, pyritic clays are present and three occur 

in the lower part o f the section (Figure 6.12). The limestones below the lowest of 

these clays are extensively calcretised, with both laminar calcrete and rhizocretions 

present to at least 2m below the palaeokarstic surface. The grainstones below the 

clays show an increase in porosity (Figure 6.7 C).

Clays are absent in the higher part o f  this sub-sequence (UAS3), and cycle boundaries 

are impossible to place with certainty in a stacked sequence dominated by 

peloidal/bioclastic packstones o f FA3. This problem was exacerbated by a lack of 

safe access in this part o f the section. There appears to be several relatively thin 

packages with very little variation. This pattern repeats upwards until the package 

below the shale taken as the upper boundary o f the Bee Low Limestones Formation. 

At this level, there is a southward trend from pale packstones and grainstones to 

darker, finer packstones (the “Blue Band” in the quarrymen’s terminology) that are
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Figure 6.13 Logged sections through lowest cycles (BS1 - BS3) in the Monsal Dale 
Limestones Formation. Left, logs compiled from northern part of Middlepeak Quarry. 
Middle, logs compiled from southern part of Middlepeak Quarry. Right, log from 
southern part of Dale Quarry. Thickening in mid part of BS3 is due to the presence 
of sand banks (FA2c) in this area (dips and dip directions of cross-bedding in these 
features is displayed). See Figure 6.2 for locations.
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closer in nature to FA2. The upper part o f this package consists o f grainstones 

bearing laminar calcretes and rhizocretions, and with a palaeokarstified upper surface 

(Figure 6.14 A & B).

Interpretation - sedimentary environments, LA S i -  UAS3

These relationships are taken to indicate deposition in shallow subtidal low-energy 

lagoons with grainstone shoals only forming the latest part o f the cycle, if at all. This 

is consistent with the Bee Low Limestones Formation over the interior of the platform 

(Berry, 1984; Aitkenhead et al., 1985) and suggests a setting at least 1km from the 

platform break. The occurrence o f an increased level o f volcanic activity, in the form 

of the three thick clays, at the base o f the exposed section invites a comparison with 

Hope Quarry (Section 5.6). In both cases, tuffs, clays and lavas are commonest 

around the middle part o f the Asbian. In the case o f Middlepeak, the surface which 

shows the best developed palaeokarstic and pedogenic features is that below the 

lowest clay. This horizon is tentatively correlated with the mid-Asbian third order 

lowstand (Barnett et a l , 2002). Accordingly, the Asbian cycles are numbered LAS1, 

below the lowest clay, and U A S1 to UAS3 above the lowest clay. It is considered 

that there are other, smaller, cycles w ithin UAS3 but these have not been 

distinguished.

Unlike in Hope Quarry, no clear evidence for an episode o f accelerated subsidence in 

the latest Asbian was found. The only such evidence is the Blue Band, which 

suggests a slight southward deepening in the last of the Asbian cycles. This may have 

been due to some southward tilting o f  the platform but this cannot be demonstrated 

conclusively.

6.5.2 The lowest Brigantian cycles, BS1, BS2 and BS3

In the northern part o f Middlepeak Quarry the basal Brigantian units of BS1 consist of 

a thick black shale (facies 7b) and thin bedded black packstones (FA2s) (Figures 6.12 

& 6.13). These pass quickly up into a 2m unit of ooid grainstones (FA4s) that is then 

truncated by another palaeokarstic surface, with a black shale at the base of BS2 

(Figure 6.14 A). In the southern part o f Middlepeak, and in Dale Quarry, the shales 

amalgamate and only one is present, with some associated limestone rubble.
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Figure 6.14 A: BS1, a unit o f  ooid grainstone between two palaeokarstic surfaces. Northern end o f  Middlepeak Quarry, 3m between surfaces.
B: close up o f palaeokarstic surface at Asbian/Brigantian boundary. Hammer for scale. C: Large bedform in peloidal/bioclastic packstones, BS2 south end of 
Middlepeak Quarry. Height o f face c. 8m. D: Intraclastic lag from base o f grainstones forming upper part o f BS2. South part o f Middlepeak Quarry. Compass for scale.



In BS2 the lower part o f the package is composed of FA2s with a thick package of 

facies 2i (Figure 6.13). This grades up into peloid and peloid/bioclastic packstones 

(facies 2a and 2b, FA3) which may show some signs o f having been deposited in 

bedforms on scales up to tens o f metres (Figure 6.14 C). The upper part o f BS2 is 

composed of grainstones but there are significant lateral variations (Figure 6.13). In 

the northernmost area the grainstones are oolitic and occupy only the top 2m of the 

package, in the mid part o f the area the grainstones have a markedly erosive base, 

contain intraclasts of the underlying packstones (Figure 6.14) and are over 6m thick.

In the southern part of Dale Quarry the grainstones have the erosive base and basal 

intraclasts but are only around 3m thick. The lower mud-rich part o f BS2 is also 

reduced in the south, being only lm  thick, compared to 12m in the north. The 

grainstone package, excluding the oolitic part in the north, fines up from the very 

coarse bioclastic/intraclastic base to a fine, well-sorted peloid/bioclastic calcarenite at 

the top.

BS3 also shows marked lateral heterogeneity (Figure 6.13). The base is composed of 

FA2s, with dark thin-bedded packstones overlying a basal black shale, and in places 

these appear to form the entire thickness o f the package. In the south of Middlepeak 

and in the north of Dale Quarry the sandbodies o f FA2c (described in Section 6.4.3 

above) occur as discrete features surrounded and draped by FA2s. The package as 

whole shows a trend from peloid/bioclastic packstones in the north to calcisiltites in 

the south.

Interpretation - sedimentary environments, BSI -  BS3

The extensively calcretised surface below BSI is taken to mark the 3rd order lowstand 

at the Asbian/Brigantian boundary (Barnett et al., 2002). This was followed by 

flooding to around 10m, but the platform rapidly shallowed again in this area and ooid 

shoals formed. This is in contrast to the northern margin and to the section in the 

Asbian, where the shoals were composed o f bioclastic or peloidal sand, indicating 

relatively low energy and saturated sea water derived from the platform interior.

This submergence was short lived and during the consequent exposure erosion cut 

down and removed in part the sediment o f BSI,  resulting in the amalgamation of the
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cycle base shales seen now. Flooding in BS2 was more prolonged. The north -  south 

trends seen indicate that the thick muddy deposits in the lower part of the package 

accumulated on a low-angle slope facing south. The erosive surface below the upper 

grainstone part o f the package is problematic. It is possible that there may be a cycle 

boundary at this point and that the intraclastic deposits are a transgressive lag. 

However, no signs of exposure were located and a sub-aqueous mechanism is 

preferred here. A similar horizon was described from Eldon Hill Quarry in Chapter 4 

and interpreted as being a lag deposit in a tidal channel through a shoal belt (cf. 

Boardman & Carney, 1991). It also worth noting that B2 in Hope Quarry bore 

evidence for substantial scouring o f the platform top by storm waves or surge, and a 

similar event may be responsible here. The thickest development of grainstones is in 

an area c.500m wide, located around the southern part of Middlepeak, and it seems 

this may represent the width o f the shoals; their extent parallel to the margin is 

unknown.

BS3 represents deposition on a relatively deep, low-angle slope situated below fair 

weather base. The entire cycle is dominated by mud-rich packstones and 

accommodation space remained unfilled at the end of the cycle. On this muddy slope 

bioclastic sand derived from the platform interior was deposited under the influence 

of currents, perhaps tidal, directed on or o ff the margin and shaped into discrete, 

elongate banks. In the deeper areas, to the south and between the sandbanks, chert 

nodules start to become common and this, coupled with the incidence of calcareous 

sponge spicules, may suggest an environment that favoured the growth of sponges.

6.5.3 The higher Brigantian cycles, BS4 to BS9

In the north of Middlepeak, six cycles can be distinguished above BS3 and are 

composed o f stacked, shallowing upward combinations o f FA2s, FA3 and FA4 

(Figure 6.15). Chert becomes common only in the very highest part and the base of 

the Eyam Limestones Formation was taken to be at the base of BS9. The whole sub

division measures c.38m in thickness.

In the southern part of Dale Quarry BS3 is succeeded by 15m of thin-bedded dark 

packstones and wackestones, chert-rich in the upper part, which are lithologically
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Dark packstones with shalesC overed section/vegetation

Undisturbed grainstones, rudstones an d  lithoclastic b reccias Disrupted units (slum p/m egabreccia)

Figure 6.16 A: Photopanorama of southern side of Bailycroft Quarry 
in Wirksworth.
B: Tracing of photopanorama with main facies. This section is interpreted 
as being all of Brigantian age. This is at variance with the previous work of 
Frost and Smart (1979) who stated that the erosive surface interpreted here 
as being the base of a slumped megabreccia marked the top of the Bee 
Low Limestone Formation. All the units above this surface, including the 
dark packstones and shales, are disrupted to some degree, indicating 
prolonged instability.
C: Detail of undisrupted lithoclastic breccias and rudstones. These are rich 
in ooids and are interpreted to represent resedimented deposits derived 
from BSI. Coin for scale is 26mm.



indistinguishable from the Eyam Limestones Formation (Figure 6.15). In this part of 

the section cycles are largely impossible to define. One marker horizon is traceable; a 

grey and red clay may be equivalent to a clay present above BS4 in the northern part 

of the quarry. This appears to demonstrate a facies change within the cycles. In the 

north the cycles are mixed shallow/deep lagoonal facies whereas 1km to the south the 

same cycles are entirely composed o f deep subtidal facies.

Interpretation - sedimentary environments, BS4 -  BS9

The lateral facies changes seen within cycles is a continuation o f the pattern seen in 

BS3, sedimentation was occurring on a low-angle, south-facing slope. In the north, 

deep subtidal conditions occurred in the early and mid parts o f cycles; at high stand 

and as sealevel started to fall, shallow water lagoonal and shoal environments 

developed or migrated down slope. In the south, truly shallow conditions never 

developed, and, with the exception o f the one clay horizon, there is no evidence for 

exposure o f the slope at all. The thinning o f the Monsal Dale Limestones Formation 

in the Wirksworth area has been noted before (Smith et a l , 1967; Aitkenhead et al., 

1985; Frost & Smart, 1979) and attributed, in part, to erosion between the Eyam 

Limestones Formation and the Monsal Dale Limestones Formation. However, no 

clear example o f the cutting out o f beds below an overstepping Eyam Limestones 

Formation has been seen in this study. It appears rather that lateral facies changes 

were present in the upper part o f the Monsal Dale Limestones Formation and that, 

though the beds do undoubtedly thin southwards, they also pass laterally into the basal 

units o f the Eyam Limestones Formation. In other areas a prominent erosion surface 

divides the two formations but this was not located in these sections.

6.5.4 Baileycroft Quarry

Baileycroft Quarry is a confused exposure consisting of much disturbed beds 

overlying an irregular surface (Figure 6.16). This section was described previously by 

Frost and Smart (1979) and interpreted as representing a much condensed sequence of 

the Monsal Dale Limestones Formation between an eroded surface at the top of the 

Bee Low Limestones Formation and the overlying Eyam Limestones Formation. The 

quarry was re-examined in the present study and it appears this is an over 

simplification. Comparison between a section in the south of Stoneycroft Quarry and
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Baileycroft Quarry (Figure 6.17) suggests the top of the Bee Low Limestones 

Formation dips below the face shown in Figure 6.16. The lower part of Baileycroft 

Quarry is composed o f lithoclastic breccias, rudstones and grainstones. A crucial 

point is the finding that these limestones are rich in ooids, along with many other 

grains and limestone lithoclasts. The upper part o f Baileycroft is composed of dark 

wackestones and fine packstones interbedded with black shales and it is these 

limestones that Frost and Smart (1979) assigned to the Eyam Limestones Formation.

The lowest recorded occurrence o f ooids is in BSI and this supports the contention 

that the Baileycroft section, on the south o f the road, is all o f Brigantian age. It is 

suggested here that the grainstones, rudstones and breccias were sourced from the 

missing part o f BSI in the south o f M iddlepeak and Dale Quarries. It is unclear 

whether the mechanism was sub-aqueous or sub-aerial, no evidence of calcretisation 

was found in the breccias or grainstones. It seems likely that some collapse o f the 

platform margin occurred either as sealevel fell at the end o f BSI,  or during the 

subsequent period of exposure. The top o f the breccias has been disrupted, as have 

the overlying argillaceous limestones, and this is interpreted to show that the area 

continued to be unstable during subsequent cycles up through the early Brigantian. 

Given the proximity o f the G ulf Fault, 100 -200m  to the east, it seems likely that 

collapse may have been triggered by tectonic activity during the earliest part o f the 

Brigantian. The Baileycroft section represents deposition, with a deepening upward 

signature, on a low-angle slope in an area prone to repeated instability, possibly close 

to a fault scarp active during the earliest Brigantian.

If the contention, given above (Section 6.5 .3), is true that parts o f the Eyam 

Limestones Formation in the W irksworth area are synchronous with the upper part of 

the Monsal Dale Limestones Formation, then the whole section in Baileycroft Quarry 

should be assigned to the Monsal Dale Limestones Formation. To resolve this issue, 

and the similar questions raised about the succession in Middlepeak and Dale 

Quarries, requires detailed biostratigraphy and is beyond the scope of this study.
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6.6 Discussion
Two main questions were posed in this part o f the study. Was a there a recognisable 

windward/leeward effect across the platform; or did a different tectonic setting control 

the sedimentary regimes in effect during the late Asbian and early Brigantian? To 

compare and contrast the two margins, an overall synthesis o f the sedimentological 

history o f the southern margin in the W irksworth area is given below, and is 

compared with that deduced from the Hope Quarry area.

6.6.1 Sedimentary model for the Wirksworth area during the late Asbian and 

early Brigantian

The area under study was, during the late Asbian, a stable platform interior (Figure 

6.18 1). Following each period o f exposure the platform was reflooded to depths 

probably little more than 10m and production restarted. The sediment was composed 

of calcareous mud, peloids and micritised bioclasts, with the latter composed of 

material imported to the platform interior from productive areas on the margin along 

with the material derived from organisms living on the platform top. This picture is 

widespread over the platform interior at this time and there is little to distinguish this 

area from any other.

The first sign o f any change is in the very latest Asbian. There is some evidence of a 

slight deepening southwards towards Widmerpool Gulf (Section 6.5.1 & Figure 6.12).

A more prolonged period o f exposure marks the boundary between the Asbian and the 

Brigantian. This resulted in the formation o f a mature palaeokarstic surface with 

extensive development o f pedogenic features. The first flooding event o f the 

Brigantian resulted in the deposition o f a shale, this may mean that flooding was to 

slightly greater depths than previously but production rapidly re-established and ooid 

shoals formed (Figure 6.18 2). This rapid transition from deep subtidal to very 

shallow may mean that the ooids were perhaps transported to some degree. If this is 

the case then a slope is implied, with ooid production being highest in an area 

somewhat to the north of the study area and being transported southward down slope 

as sea level fell. In this respect the margin was behaving more like a ramp system,
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Figure 6.19 Diagram comparing relative sea level curves from the northern (black lines) and southern margins (red lines). As with the northern margin, it is proposed 
that third order sealevel variation interacted with local tectonic subsidence to produce the changes in depth o f  flooding interpreted from the sedimentological record. The 
relative sea level curve was constructed by plotting the interpreted depth o f flooding for each o f the fourth order cyclic packages. A line o f best fit was then superimposed 
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the result o f southward tilting o f the underlying structural block in the early Brigantian. The pulse o f locally rapid tectonic subsidence seen on the northern margin in 
the latest Asbian is not seen.. The timing o f the subsidence also coincides with the period of maximum volcanic activity (the Upper and Lower Matlock Lavas). The 
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with facies zones moving up and down ramp as sealevel rose and fell. This was 

comparable to the lower Pliocene leeward margin of the Bahamian platform 

(Westphal et al., 1999).

This first Brigantian cycle was o f short duration and during the subsequent exposure 

and transgression the sediment laid down was eroded. Some o f this material was 

redeposited in the grainstones, rudstones and breccias seen in Baileycroft Quarry. 

Upward into the Brigantian the system continued to behave as a low-angle slope or 

ramp (Figure 6.18 3-4). In the northern part o f the study area the deposition o f mixed 

sequences o f calcisiltites, wackestones, packstones and grainstones reflected the 

shallowing upward signal in an area which aggraded into shallow lagoonal or shoal 

conditions in each cycle. To the south, shallow subtidal conditions occurred less 

frequently and the sediment was muddier. Some shallow water grains were 

transported into these deeper areas and shaped into small sandbanks by current action 

(Figure 6.18 4). These bedforms were orientated perpendicular to the margin, 

suggesting tidal influence.

The trend up through the Brigantian generally indicates deepening and lower 

productivity but there was also a local effect caused by the slope. Production, from 

the phototrophic community, was always higher in the shallower areas to the north 

and tended to maintain the geometry. This led to a relatively condensed sequence in 

the south. The southward attenuation o f  the Monsal Dale Limestones Formation 

noted by previous authors (Aitkenhead et a l,  1985; Smith et al., 1967; Frost & Smart, 

1979) is due in part to lower production in slightly deeper environments and to 

unrecognised facies changes resulting in a diachronous boundary between the Monsal 

Dale Limestones Formation and the Eyam Limestones Formation. It is also possible 

that differential post-burial compaction may have accentuated the attenuation of the 

limestones southward. The deeper water facies in the south have common thin shale 

partings and these are thought to represent the effects of pressure dissolution, which 

may reduce the thickness o f the sequence by 50% or more (Shinn & Robbin, 1983). 

The northern sequence has a much higher proportion o f grainstones that were 

cemented early by both syntaxial overgrowths and meteoric cementation during each 

exposure.
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6.6.2 The timing and effects of tectonic movements

Studies o f modern carbonate systems suggests that carbonate production should, 

unless suppressed for some reason, be able to maintain aggradation at rates equal to 

any normal tectonic subsidence (Schlager, 1981; Tucker & Wright, 1990). A model is 

proposed above (Section 6.6.1 & Figure 6.18) that suggests the southern margin took 

the form o f a low angle ramp or slope during the early Brigantian. It has already been 

pointed out that production would have been lower in the deeper areas, but even so 

the margin, should have been capable o f  recovering fairly quickly if the subsidence 

was a single event, or if subsidence rates were not extreme. The sedimentary record is 

interpreted to signify stability up until the latest Asbian and then southward tilting 

during the early Asbian, accompanied by the fault movements which caused local 

collapses such as that in Baileycroft Quarry. The timing and duration is clearly 

different from that seen on the northern margin and relative sea level curves are 

compared in Figure 6.19. The differences are taken in part to support the model 

where the southern margin is located on the hanging wall o f a block which tilted 

southward during the early Brigantian (Smith & Smith, 1989; Gutteridge, 1987,

1989). However this alone is insufficient to explain the inability o f the margin to 

maintain production and stay in shallow photic depths.

6.6.3 Windward/leeward effects

The northern margin suffered an episode o f tectonic subsidence during the late Asbian 

and built back to flat-topped configuration within three, fourth order, cycles (Chapter

5). The southern margin experienced an episode of tectonic subsidence during the 

earliest Brigantian and did not fully recover. The key to the difference may lie in 

productivity. Benthic production on the northern margin by crinoids, bryozoa, 

brachiopods was high and seems to suggest a ready supply o f nutrients for these filter- 

feeding organisms. Sediment production was supplemented by foraminifera, 

stacheiinids, red algae, palaeoberesellids and, in the shallowest areas, dasycladaceans. 

Overall, the picture is o f high nutrient levels, normal salinity and low turbidity. In 

contrast, on the southern margin at the same time the majority o f the sediment was 

composed o f calcareous mud, silt and sand derived from the platform interior. In situ 

production was limited and the communities appear to have been of slightly reduced 

diversity. This supports the case for a leeward setting with cross-platform currents 

supplying a steady supply o f fine-grained material. Coarser material, by analogy with
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the modem Bahamas, (Gebelein, 1974) was only moved by storm generated waves. 

The same cross-platform currents caused elevated salinity and temperature on the 

southern margin as they pushed water from the interior, where evaporation rates were 

higher, southward.

The occurrence of ooid shoals on the southern margin only supports the case for a 

windward/leeward effect. They may be analogous to the shoals on the leeward 

margin o f the Great Bahama Bank, where ooids are forming in relatively low-energy 

shoals (Gebelein, 1974). It may also be notable that higher in the sequence, when 

tidal currents appear to have facilitated exchange with the basin and when the setting 

appears to have been deeper, ooid production was switched off again. At these higher 

levels in the sequence the composition o f wave-washed shoals reverted to well-sorted 

and rounded bioclastic and peloidal sand.

None o f these lines of evidence alone are sufficient to demonstrate a leeward setting 

for the southern margin; taken together they present a reasonable case. If the 

assumption is made that there was reduced in situ production on the southern margin 

because o f its leeward setting, then the inability o f the carbonate factories to keep up 

with subsidence is also explained.

6.6.4 Margin geometry

The exposures on the southern margin are insufficient to build up a complete picture 

o f how the geometry developed during the Brigantian. During the early Asbian a 

steep slope with a distinct platform break, comparable with that described from the 

Eldon Hill -  Pindale area in the north, was present as close as two kilometres to the 

west. It seems more than likely that is present in subcrop and the seismic lines 

available seem to confirm this (Figure 6.3). Subsidence in the latest Asbian to early 

Brigantian led to deeper flooding and back-stepping. From this point onwards the 

margin took on the configuration o f  a low-angle slope or ramp. The southern margin 

may best be termed a distally steepened or bevelled system at this point. This shape 

was maintained by a combination o f factors. The effects o f continued 

subsidence/tilting and reduced productivity are discussed above. Another point 

remains, if there was substantial export o f material from the platform interior why did 

this material not fill the available accommodation space? The key may be in the
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inherent physical properties of the sediment. As Kentner (1990) and Adams and 

Schlager (2000) have pointed out, the angle of repose of sediment is related to the 

grain size and the degree of early cementation, amongst other variables. Pure muds 

build slopes up to 5°, mud supported textures rarely exceed 15° and grain -supported 

textures up to breccias may achieve slope angles in excess of 35°. The northern 

margin has a higher proportion of sand-sized or coarser material than the south. So, 

independent of any other factor, the mud rich system in the south will have been 

forced into a lower angle configuration than its sandier northern counterpart.

The seismic lines (Figure 6.3) show the early Asbian upper slope remained as a 

feature as late as the end of the Dinantian and was only fully onlapped later in the 

Carboniferous. Presumably it was by-passed, like its northern equivalent, but little 

more can be said with certainty at this point.

6.7 Conclusions
1) The southern margin experienced an episode of southward tilting and 

subsidence in the latest Asbian to early Brigantian.

2) The episode of tilting occurred later on the southern margin than on the 

northern margin. This supports the structural models of earlier authors (Smith et al., 

1985; Gutteridge, 1987) as it requires the opposing margins to be sited on separate 

structural blocks.

3) The record of sea level change conforms to the third order sea-level curve 

shown by Barnett et al., (2002). The difference between the curves constructed for 

the northern and southern margins may be explained by the different timing of 

tectonic subsidence but this result serves to emphasise how difficult it can be to 

disentangle the signals of tectonic and eustatic changes in relative sea level. It is only 

by considering the sea level curves in conjunction with a wide variety of 

sedimentological and structural evidence that the conclusions presented here have 

been achieved.

4) The southern margin shows little or no evidence for any pronounced 

windward/leeward effects during the late Asbian. It does show evidence for the
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effects of a predominant north to south cross-platform current during the early 

Brigantian.

5) In situ productivity on the southern margin seems to have been lower than on 

the northern margin during the Brigantian.

6) Whereas the northern margin may have acted as a net exporter of carbonate 

sediment during the Brigantian, the southern margin acted as a net importer.

7) The southern margin was, as a result of the factors outlined above, a finer- 

grained system than its northern counterpart. The differing geometry of both margins 

may been largely controlled by this factor, combined with overall energy levels.

8) There is some evidence for the effects of tidal currents impinging on the 

southern margin. This may imply a wider tidal range than on the northern margin, 

caused by some funnelling of tides into the Widmerpool Gulf, comparable to that seen 

today in the Tongue of the Ocean.
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CHAPTER 7 

CONCLUSIONS

Several broad points may be drawn from the results and interpretations presented 

here.

1) During the early Asbian, the margins of the Derbyshire platform initially 

aggraded and the primary source of carbonate material on the upper slope in this 

phase was the production of automicrite, with a contribution from filter-feeding 

benthos.

2) The initial aggradational phase was followed by progradation, as more shallow 

water material was exported to the upper slope. Automicrite and in situ benthos 

remained an important source of sediment during this phase.

3) The shallowest part of the marginal system was located several hundred 

metres platformward of the platform break in a band of shoals composed of bioclastic 

sand.

4) The shoals sheltered subtidal lagoonal areas where palaeoberesellids became 

an important source of sediment.

5) Both southern and northern margins were largely free of local tectonic 

subsidence during the early Asbian and the early part of the late Asbian. During this 

time the primary control on margin geometry and facies architecture was an 

interaction between third and fourth order variations in relative sea level. There is 

little evidence for any substantial differences in sedimentation between north and 

south at this time.

6) Local tectonic subsidence occurred on the northern margin during the late 

Asbian, but not on the southern margin until the start of the Brigantian. This was due 

to the location of the two margins on separate structural blocks. On both margins 

tectonic movement coincides with the formation of megabreccias.
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7) Whilst the style of subsidence supports a footwall setting for the northern 

margin and a hanging wall setting for the southern margin, this alone cannot explain 

how the two margins reacted to rapid subsidence. The northern margin recovered 

quickly to fill available accommodation space with high benthic production, whilst on 

the southern margin a low-angle, mud-dominated ramp or “bevelled” margin 

developed.

8) This contrast in response to rapid subsidence suggests a highly productive 

ecosystem on the northern margin, in normal marine conditions and with a good 

supply of nutrients. The record on the southern margin suggests a slightly stressed 

community with reduced abundance and diversity. A predominantly southward 

directed cross-platform current is suggested, pushing water with elevated salinity and 

temperature onto the southern margin from the platform interior.

9) The occurrence of abundant calcisiltites on the southern margin is interpreted 

to have resulted from the export from the platform interior of mud and silt-sized 

material by normal wave action.

10) The occurrence of ooids preferentially on the southern margin, by analogy 

with the Holocene Bahamian system, supports a leeward setting for the southern 

margin during the early Brigantian.

11) Tidal currents may have been an important control on sedimentary processes 

on the southern margin. Amplified tidal range may have been due to tidal funnelling 

in the Widmerpool Gulf. This resulted in the formation of tidally-shaped sand banks 

during the early Brigantian.

12) On the northern margin, during the latest Asbian and early Brigantian, current 

action is an important process on the mid to lower slope, it is impossible to define the 

nature of these currents but they may have been tidal in nature.

13) The upper slope on the northern margin was by-passed during the latest 

Asbian and early Brigantian. Production of automicrite became limited, or was not 

preserved in situ. Microbial production shifted to localised bioherms on the outer
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platform. This community is unlikely to have been depth-limited and this makes it 

improbable that simple accelerated subsidence prompted these changes. Some change 

in water chemistry is a more likely explanation.

It can be seen that the primary controls on the facies architecture and geometry of the 

platform margin was a combination of eustatic sea level changes and local tectonic 

movements. These controlled the main aggradational, progradational or 

retrogradational phases of the margin. However, these alone cannot explain the 

patterns seen. The detailed architecture is profoundly affected by local effects such as 

wind direction, tidal range and chemistry.

Where further work is required

It was stated in Chapter One that a good stratigraphic framework already existed for 

the Dinantian of the Derbyshire Carbonate Platform. This study has largely relied 

upon this. However, much of the earlier work relies on coral/brachiopod 

biostratigraphy and, though good, this may be to some extent facies controlled and 

may lack the fine definition required to support the weight of some of the conclusions 

given above. The work of Strank (e.g. 1985, 1986 & 1987) in defining the algal and 

foraminiferal bio stratigraphy may usefully be built upon. Specific problems that have 

occurred in this study include accurate correlations along the strike of the northern 

margin (not a new problem, see the works of Shirley and Horsfield, 1940; Parkinson, 

1943, 1947, 1953, 1957 and Eden et al., 1964), and the possibly diachronous 

boundary between the Eyam Limestones Formation and the Monsal Dale Limestones 

Formation in the south.

Another issue that has not been resolved is the control on the switch from a margin 

dominated by the production and preservation of automicrite to one dominated by 

benthic production and a by-passed upper slope. It seems clear that tectonic 

deepening alone is insufficient to explain this phenomenon. I have resorted to saying 

some change in water chemistry may be the cause. There is scope here for further 

study. The efficacy of geochemistry may be limited however; the platform has been 

subjected to much post-burial mineralisation and has been charged with hydrocarbons. 

This must have overprinted much of any syn-sedimentary signal.

278



On wider issues, the missing analogue for the Pricaspian platforms is the 

Serpukhovian. It would of great interest and value to elucidate the changes between 

the late Visean and the Bashkirian -Moscovian platforms so well documented by 

Bahamonde, Kenter, Della Porta and their co-workers (Bahamonde, et al., 1997, 

2000; Della Porta, etal., 2002a, 2002b, 2003; Kenter et al, in press)
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