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ABSTRACT

The Lower Carboniferous (Asbian and Lower Brigantian) of North
Wales in the vicinity of Llangollen and Oswestry, records the depos—
ition of about 40 shelf carbonate regressive cycles during a gradual
transgression onto the north eastern flanks of the Anglo-Welsh Land-
mass (St Georges Land). This sequence was deposited during the major
eustatic cycles (mesothems) D5a to Déb.

Bagsement structural elements confined sedimentation during
early stages of the transgression to iwo depositional embaymentss a
northern Llangollen Embayment and a southern Oswestiry Embayment ,sep-
arated by a tectonic~positive peninsula. Differential subsidence perp-
etuated these basement influences following their overstepe.

A new lithostratigraphy is §r0posed for the Asbian of the
Oswestry Embayment, based on minor cycle character, comprising the
Whitehaveh ( Mesothem DS5a) and Llynolys ( Mesothem D5b) Formations,
and a lithostratigraphy for the lower Brigantian is extended across
the region, with revision of existing lithostratigraphye.

Petrographic study of the carbonate lithofacies has revealed
14 carbonate microfacies,grouped into 4 microfacies éssooiations:
Calcisphere Wackestones Argillaceous Alga Packstonej Alga Peloid Grain-
stone 3§ Bioclast Peloid Rudstonse,

Mesothem D5a comprises about 20 minor cycles, mostiy 2-4m thick,.
Their transgressive phases comprise thin shore-zone conglomeratic lags,
oveflain by Argillaceous Alga Packstones dominated by beresellid algae,
This phaée thins to more proximal shélf environments, and passes
vertically and laterally into Alga Peloid Grainstonss,attesting to a .
transition from sedimentation below to above a normal wave base,

\

Prominent peritidal regressive phases contain a suite of emergence
features includings penecontemporary dolomites; fenestral fabricsj vadose
cementsy inter-tidal erosion-dissolution surfaoes;paiaeokarsts, and soil

zone alterations,
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In the Oswestry Embayment, south of peritidal-regressive
minor cycles, shoaling minor cycles were apparenily contemporaneous, with
regressive—phase oolitic sand blankets that restricted tidal flat
progradation.

In contrast minor cycles of Mesothem D5b(late Asbian) (at
maximum about 14) are mostly 5-15m thick, and are dominated by Alga
Peloid Grainstone regressive phases that indicate sediment reworking and.
movement near or above a normal wave base, Transgressive phases thin
towards tectonic-positive elements , and within the Oswestry Embayment
"an attenuated sequence reflects a more proximal shélf'environment, Minor
cycle offlap is marked at the end of Mesothem D5b on the proximal shelf,

Carbonate—dominated minor cycles of the lower Brigantian
(of which 8 are laterally persistent), are dominated by transgressive
phases that thin towards proximal shelf positions, These sediments
support a diverse fauna and include minor growth-baffle corgl‘bioherms.
These minor cycles represent deposition in more distal shelf environ-—
ments to their Asbian counterparts. .

TernaryAdiagrams of bioclast component ratios allow comparison
between minor oycles of differing forms and age.

Subasrial emergence phenomena characterise many minor cyale
boundaries, Their form is partly dependant upon palaéogeography with
palasckarsts developed more proximal shelf to planar erosion and inter—
" tidal erosion dissolution surfaces, The boundaries are occasionally
multiple, and at times converge, primarily during minor cycle offlape.

The distribution of emergence phenomena suggest a palaso-
climatic cyclicity from arid, calcrete forming periods,to pluvial

palasckarst forming periods during maximum regression,
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l.1.

1. INTRODUCTION

This thesis is founded on the sedimentology, sedimentary
petrology and palaesontology of Lower Carboniferous (Upper Dinantian)
Limestones in the viocinity of Llangollen and Oswestry, North Wales,
This transgressive sequence of carbonates lies with angular uncon-—
formity upon Lower Palaeozoic strata which formed, during the
Lower Carboniferous, the north eastern margin of the Anglo-Welsh

Landmass known as St. George's Land,

PRINCIPAL AIMS AND METHODS OF STUDY.

The principal aim of this study is to establish the deposit-
ional palaeocenvironment of the Lower Carboniferous sequence exposed
between Minera, Clwyd, (8km WNW.of Wrexham) and Llanymynech Hill,
Powys (8km SSW of Oswestry, Shropshire),

Subsidiary aims of this study are tos

—establish the vertical and lateral variation of the
pervasive cyclioity within the sequence

—investigate probable causal mechanisms for this oyclicity

—erect a lithostratigraphy for sediments of the Oswestry
area, based on recent advances in both Carboniferous

eustatio oyclicity, and carbonate sedimentologye.

This researoh was conduoted primarily by detailed sedimente
ological logging and facies analysis, sedimentary petrology and

comparative palasontology.



Comprehensive sampling and preparation of acetate peels
has provided much of the microscopic and mesoscopic data presented
herein, Where appropriate, the scanning electron microscope
(S.E.M) with X-ray analysis (E.D.A.X), and X-ray diffractometer (X.R.D)

have been used to complement petrographic analysis,

1.2. HISTORY OF PREVIOUS RESEARCH

Ever since the 'ramblings' of Ihwyd in 1699‘(Smith,1915), the
Carboniferous of North Wales has stimulated research and ooﬁtroversy.

The first work of significance on the Lowsr Carboniferous
of the Llangollen and Oswestry area was completed by G, H. Morton
(1870, 1878, 1879) who, in a series of papers, erected a lithostrat-
igraphy for the region, based on dominant colouration of the strata
(papre 1 )+ Morton (1886), later extended this stratigraphy into
the Vale of Clwyd.

No further advances were made until the zonal stratigraphy
of Vaughan (1905) was applied to the sequence by Hind and Stobbs
(1906)s  They (op.cit) placed Morton's Upper Grey limestone in
Vaughan's "D2" subzone, and the underlying Lowsr Grey and Brown
Limestone and Middle White limestone within the "D;' subzone, using
the wealth of palasontological data collected by Morton,

The second geologlcal survey of the Wrexham area was under—
taken between 1910 And 1913 by Wedd Smith and Wills, but the memoir
was not published until 1927, Jones (1921) produced a perspio-
aceous account of the micro~character of the limestone succession,
Wedd et al. (1927),in the memoir (sheet 121),followed Morton's original
lithostratigraphic scheme, but placed the "Dl/bz" Vaughan-subzone

boundary at the base of the Middle White Limestone .
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The Oswestry area survey memoir (sheet 137) (Wédd et al, 1929)
revised Morton's (1879) lithostratigraphy, and recognised the lateral
equivalence of the Lowsr Groy and Brown Liﬁestone of Llangollen, with
the lower succession of the Oswestry district. (Lower limestones).

Between 1929 and the 1970's little was published on the
ﬂlangollen and Oswestiry sucoessions, Neaverson (1929, 1946), in
reviewing the faunas and palasoenvironment of the North Wales
Carboniferous, reinstated the "Dl/ba" boundary of Hind and Stobbs{ep.ct.).

Banerjee (1969) and Oldershaw (1969) applied a lithofacies
model to the uppermost Lower Carboniferous of the Vale of Clwyd
and Halkyn Mountain,

Following the recognition of major cycles of transgression
and regression (Ramsbottom 1973), George et al.(1976) erected a
new stage terminology for the chronostratigraphy of the area,
placing the Lowsr Brown limestone and Middle White Iimestone with—
in the "Asbian", and the Upper Crey limestone at the base of the
"Brigantian'. These‘two stages were approximated to major cycles
(mesothems) D5 and D6 of Ramsbottom. Meanwhile, Power and
Somerville (1975) recognised a minor cyolicity within the Middle

White limestone and applied tentative correlations of this cyclicity

across the North Wales outorop.

This cyocle concept was further expanded and a new litho-
stratigraphic scheme erected by Somerville (1977, 1979, a,b,c) for
the Llangollen and the Vale of Clwyd are;s.

He erected the Tynant limestone Formation (a;)proximate
equivalent to the Lower Brown limestone) the Eglwyseg Limestone
Formation (approximate equivalenit to the Middle White Iimestone)
and the Trefor limestone Formation (equivalent to the Upper Grey

Limestone) (Tatde 1 ). This lithostratigraphic division was
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applied to the succession between Bron Heulog and Minera, north
of which he (op.cit 1977) erected a new terminology for comparative
sequences within the Mold area of the Vale of Clwyd.

Somerville (1979 a,b,0) recognised the shoaling charactsr
of the minor cyclicity and related this to eustatic fluotuations,
with subaerial emergence phenomena indicating regression and

modification of cycle boundaries,

GENERAL INTRODUCTION TO THE STUDY AREA, -

Outorop pattern,

The present Lower Carboniferous limestone outcrop between
Minera and Llanymynech forms the principal subjeot material for
this thesis, .
Figs 1 & 2 show the geographic situation of the outorop and
indicate the important locations along outorop from whioh most
of the data presented herein has been ocolleocted.
The northern limit of the study area is bounded by the
Bryneglwys Fault, north of which the outorop is displaced along
the flanks of the Vale of Clwyd. Llanymynech Hill is the southern-
most termination of the Lower Carboniferous in North Wales,
The outorop, forming a long narrow N/S trending belt mostly
< lkm wide, spans strata from the basal Asbian to the middle
Brigantian (stages of George et al.1976, and approximate equivalents
to the Vaughan zones "D;', and "D2" respectively of earlier workers).
Table 1 indicates the lithostratigraphic terminology used in
this thesis, based in part on Somerville (1979 a,b,0)s A new
lithostratigraphy is erected for Asbian sediments of the Oswestry
area. The lithostratigraphic principles of Holland et al(1978) are

followed herc.,



1 Llandegla

2 Minera

3 Aber Sychnant
4 Worlds End

5 Tany Graig

6 Llwyn Hen Parc
7 Tynant

8 Dinbren Uchaf
9 Tan y Castell
10 Trefor Rocks
Il Bron Heulog
12 Plas lfa

13 Froncysyllte
14 Garth Obry

20 !—;d square SJ

CARBONIFEROUS
OF THE LLANGOLLEN REGION
based on Geol Surv sheet 121 & Somerville 1977

Cefny Fedw Sandstone & post
Dinantian

Sandy Passage Beds ( Férmaﬁon )
Trefor & Cefn Mawr Lmst Formations
Asbian carbonates

Basement Beds ( Formation )

Lower Palﬂeozoics

———]
_—
-
==
—




b

CARBONIFEROUS
OF THE OSWESTRY REGION
ased on Geol. Surv, sheet 137

o°°c| Cefny Fedw Sandstone & post
Dinantian

lllll]| sandy Passage Beds(Formation)

Trefor Limestone n

% ‘Whitehaven & Llynclys u

Basal Shale n

Lower Palaeozoics

- 30

CVONOCOULHWN —

Garth Obry
Bron y Garth
Craignant
Llawnt

Craig y Rhiw
Pant Hir
Craig Sychtyn km
Nant Mawr

Treflach

Whitehaven

Dolgoch

Llynclys Hill

Crickheath Hill
Llanymynech Hill

28 Grid square SJ




) 103020 Reg:_lonal Palaeomoggaggz.

le3e3e

Successive onlapping of sediment cycles that pervade the
Dinantian sequence of North Wales imply an accreting carbonate
ramp on the southwest margins of the "Craven Basin", in which a
thick sequence of siliciclastic—carbonate sediments contemporan=-
sously accumulated.

The Craven Basin,apparently,was a partly enclosed epi-
continental seas, Oceanic connections lay around the northern
margins of St. Ceorge's Land (relative to present north) with the
upstanding Mona basemént on Anglesey, and across the Southern
Irish (Waulsortian) shelf (see Smith et _al,1973).

The 'block and basin" palasotectonic regime of the Northern

England Dinantian defined the extent of this Craven Basin (fig. 3 ).

Local Palasogeogravnhye.

From the distribution and geometry of the stratigraphic
units discussed in this thesis (fig. 5a), two major areas of
deposition are discernible, related to underlying tectonic elements
of the Lower Palasozoic basement,

These two afeas, ons centred near Llangoilen, and the other
near Oswestry, show  the basic palasogeography of the'local' Upper
Dinantian well o . Situated on the north and east margin of
St. Ceorge's Land (Ceorge 1958), these two areas reflect an embayed
coastline at least in the early stages of deposition (fige 4 )o
The positive E-W trending axes of Cyrn y Brain/mvnydd Cricor and
the Berwyn Hills provided embayment ‘'headlands' between which
a sequence up to 600m thick was deposited during the Dinantian,

The thickest sedimentary sequence along the studied outcrop

corresponds to the underlying Llangollen Synclinorium, which was

-
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apparently undergoing the most marked relative subsidence during

deposition.

Formation Geometrye.

The geometry of ‘embayment' sediment fills is asymmetrical.
The southern margin of the Llangollen embayment apparently subsided
most rapidly with respect to its northern flanks (figs.5a & 5b).

Northwards from the Bryneglwys Fault (fig. 3 ), the succession
thickens rapidly into the Mold area of the Vale of Clwyd. It is
probable that this fault also acted as a NE/SW tectonic hinge
during the Lower Carboniferouét Whether a similar asymmetry
exists in deposits of the 'Oswestry Embayment' is unclear, as post
Carboniferous denudation has removed much of the southernmost outcrop.
An outlier of Brigantian sediments (and possibly Upper Asbian) at
Corwen, 12km west of Llangollen attests to the minimum extent of
transgressing Lower Carboniferous shelf seas (N, of Bryneglwys Fault).

Towards the embayment centres the carbonate formations are
underlain by a varied sequence of siliciclastic sediments now
mostly unexposed,

In both ‘'embayments' the lowermost early Asbian carbonate
formations thin by onlap on to the embayment flanks,

Whilst later Asbian seas transgressed the Cyrn y Brain at
the position of present outcrop, they failed to overcome the
palaeotopography of the Berwyn Hills, This is reflected in the
north-south trend of the present outcrop, in comparison to the
apparent NW/SE'coast'of St, Ceorge's Land (George 1958). The
Berwyn 'axis' occupies a more proximal position on the Lower
Carboniferous shelf relative to present outcrop, than the Cyrn y

Brain Yaxis',

T‘ Medd et al (1927) suggested both pre- and post=Carboniferous

movements,
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Lower Brigantian sediments blanketed the study area
more uniformly, surmounting, but thinning over these tectonic-

positive ‘'axes?,

1.3.5, lithostratigraphic Nomenclature.

The following lithostratigraphic terms are used within

this thesis for the Llangollen and Oswestry successions (see Table 1 ),

ILlangollen Embayment Oswestry Embayment,
Brigantian
4 Sandy Passage Formation
Trefor Formation,
Asbian, ;
Eglwyseg Formation. Llynclys Formation
Tynant Formation, Whitehaven Formation,
Basement Formation, Basal Shale Formation,

lo4o THE CYCLE CONCEPT AS USED WITHIN THIS STUDY,

In a series of papers, Ramsbottom (1973, 1974, 1977, 1979)
erected & cycle stratigraphy for the Carbonifergué, defined by
lithostratigraphic evidence of eustatic iransgressions and regress—
ions,.

Ramsbottom (1977) defined an hierarchial cyole classifica=
tion, recognising, in the context of the sequence under investig-—
ation, 'oyoclothems'® (or minor cycles) as the most minor oycle
form, gfouped, aocérding to the degree of their transgréssivé
character, into 'mesothems's This cycle scheme is recognised as

a composite 'type B! oyole—of Schwarzacher (1975, p.305=306) in
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the sedimentary succession, and pervades the Asbian and Brigantian
of North Wales (Fig.5b indicates the mesothem geometry of the study area).

The term 'minor cyocle! is used throughout this study
(abbreviated to ‘oyole' as this is the basio cyolic unit) in
preference to cyclothem, Wanless and Weller (1932) used the
term ‘oyclothem' to desoribe sedimentary rhythms from the Pennsyl-
vanian of T1linois, Ramsbotiom (in Somerville, 1979a) suggested
that the term *‘oyclothem' ©be used for Asbian cyclicity and Duff
eto 81 (1967) ;tated thai “oyclothem" had become interchangsable
with the general terms ‘'cycle' or ‘rhythm' in the literature,
The cycle form of early.Asbiaﬁ sediments (Mesothem D5a of
Ramsbottom, 1977) is markedly dis;imilar to that of the Upper Asbian
(Mesothem D5b of Ramsbottom, 1977)s To avoid a priori assumptions
that the term cyclothem represents a particular éycle form, prod-
uced by partioular cyclic mechaniems (i.e., form and mechanisms
comparable to the Pénnsylvanian of Illinois), the +term 'cyclothem!
is not used throughout this thesis, It is recognised that
'cyclothem' may more . Justifiably be applied to the Upper Asbian
;nd Briganiian minor éycles in the context of previous literature,
and the views of Ramsbottom (1977). )

Further distinotion must be made between ‘cyclothem' as a
morphologioal oycle form (Wanless and Wbl}es ‘1932’,propos;d the

term ‘'oyclothem''to designate a series of.beds") or as a genetio

cycle form for euétatio oycles (Ramsbottom 1977, 1979).

THE MICROFACIES CONCEPT AS USED IN THIS STUDY.
The petrographic study of carbonates is fundamental to

their description, comparison and interpretation, Essential to



these aims is the recognition of groups whioch allow the invest—
igation of these highly variable sediments,

To help interpret the depositional environments of carbonates,
Fairbridge (1954) introduced 'microfacies'. He used both textural
and compositional proPerfies of the sediments to define miorofacies,
wilson (1975, p.60-69) lists 24 "standard microfacies" which may
be encountered on a cosmopolitan scale, each relating to specific
palascenvironment situations. '

There remains,.wiihin the literature, a plethora of descrip-
tive formats for carbonate sediments, Part of this variation is
due to the inoreasing tendency to.compare past and Recent envir-

onments, and to the different aims of many projects,

Lithofacies, genetic facies, miorofacies associations and
both informal and formally erected microfacies have been used, often
in an hierarchial manner,to describe the sediments,

An acceptable desoriptive scheme is one which combines
field with petrographic observation, i,e, lithofacies with mioro-

facies,

The carbonate terminology used within this thesis follows
the classification of Dunham (1962), modified by Embry and
Klovan (1969), based on textural relationships within the sediment

microfabric.

Within this study, I erect "miorofacies associations",
defined as a group of fabric-related microfacies,
It follows, but is not implicit within this terminology,

that there is a degree of genetic association between microfacies



Table 2

MICROFACIES RECOGNISED WITHIN THIS THESIS

Miocrofacies,

Caloisphere Wackestone Miorofacies Association (MA.1)
MA.1.1. Caloisphere mudstone to packstone

MA.1.2a Unlaminated caloisphere-peloid
grainstone to packstone

MA.1.2b Laminated calcisphere peloid

grainstone-packstone

MA.1.3. Cryptalgal laminite

MA.1.4 Laminated beresellid—calocisphere
mudstone~-packstone

MA.1.5; ~Coélosm:rella wackestone to mudstone

(B:igant@aq_only)»

Petroggaphio

Definition

.Pe T4
Pe 76

P 76
Pe T7

Po 78

Pe 203

Argillaceous Alga Packstone Microfacies Association (MA.2) .

MA.2,.1. Beresellid wackestone to packstone
or
Alga Packstone
MA.2.,2 . Bloclast packstone

MA.2.3. Calcareous Shale

Alga Peloid Grainstone Miorofacies Assooiation (MA.3)
MA.3,.1 Alga peloid grainstone
MA,3.2 Bioclast grainstone
MA.3.30 Peloid grainstone
MA.3.4. Oolitioc grainstone

Bioolast Peloid Rudstone Miorofacies Association (MA.4)
MA.4.1 Biooclast peloid rudstone

MAJ4.2. Intraclast rudstone

Pe 124

Pe 199
po 162

Pe 127

Pe 143
Pe 146
po 146
Pe 164

p. 153




Table 3

Lithofacies = Microfacies Association Inter-relationships.

PRINCIPAL LITHOFACIES, DOMINANT CARBONATE MICROFACIES
ASSOCIATION.

Massive bedded pale .
biosparites(Lsl) eecccosessses Alga Peloid Grainstons (MA.3)

Thin bedded pale to dark
biosparite (Le2) eecececccecces Alga Peloid Grainstons (MA.3)

Argillaceous thin and or wavy
bedded biomiorite (Le3) eeesess Argillacecus Alga Packstons (MA.2)

Stylonodular pale
biomicrosparite (Le4) ceeececsee Argillaceocus Alga Packstone (MA.2)

Pale to dark grey
porcellanous micrite.(L.5) .... Caloisphere Wackestone (MA.1l)

Argillite (L.6) 3
Unfossiliferous (Mostly
highly coloured (L.6.1)

Fossiliferous (mostly shades
of grey (L.6.2)

Intraformational Conglomerate (L.7)
Clast supported (L.7.1)
Matrix supported (L.7.2)

Extraformational Conglomerate (L.8)
Clast supported (L.8.1)
Matrix supported (L.8.2)
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within a microfacies association,

Bach miorofacies association has a dominant miorofacies
after which the association is named. : Table 2 lists the
microfacies associations and microfacies erected within this
thesis..

Somerville (1977) provided a lithofacies analysis of the
Llangollen sequence, erecting lithofacies from field and petro-
éraphio observaiionso The lithofaoies recognised within this
study are given in table 3 o Many lithofacies have dominant
miorofacies associations. Logging and subsequent petrographic
analysis has oonéentrated on the microfacies characters of the
sediments, rather than lithofacies. Table 3 indicates the
1ithofacies / Microfacies Association inter-relationships recog—

nised in this thesis,

CYCLE TERMINOLOGY USED IN THIS STUDY

The lithostratigraphic scheme erected here follows mesothem
terminology and stratigraphy of Ramsbottom (1977, 1979).

Minor cycles are variable, both vertically and laterally.
Upper Asblan and Brigantian minor oycles are readily defined by
regression surfaces commonly represented as palasokarsts, whilst
Lower Asbian cycles, of much smaller scale, mostly lack these
palasckarsts and are recognised primarily by regressive phase
sediments overlain by those of more transgressive nature,

Within the Ufper Asbian, it is the presence of emergence
events that leads to recognition of sediment units as individual
éycles, especially in more proximal shelf areas (see on). I,
therefbre, follow here a lithostratigraphic cycle numbering scheme

based on these(subaerial emergenoe)surfaces visible at the type
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section and within the framework erected by Somerville (1979a,b, )
where appropriates .
The' following formation abbreviations are used in this
nom;nolature.
Tynant Formation Ty
Whitehﬁven Fo?mation Wh
Eglwyseg Formation Bg
Llynclys Formation Ly
Trefor Formation T i .
For example, the base of the‘Eglwyseg.Formation is termed
. BEgel ( = top boundary of Tynant Form'n)
The first regression/transgression surface aboYe the Eglwyseg
Formation base‘is‘termed Eg.2
The intervening ‘cycle' is termed
Egele2
The top of the Eglwyseg Formation is Ege10c = Tf.1
SEDIMENTOLOGICAL PRINCIPLES OF CYCLIC SHELF CARBONATZS
Cyclicity in shelf carbonates and carbonate~clastic sequences
is common throughout the geologlcal record. Although the sediment
microfacies may change with location and time, cosmopolitan charac-—
ters attest to similar environments and cycle meoh;nisms.
Whilst 'transgressive cycles' (e.g. "Lofer cycles" of Fischer
1964) retain evidence of a gradual transgression followed by a
rapid regression; ‘regressive', or 'shoaling' oycles (e.g. herein)
attest to rapid trahsgression and slow regression,
Walker (1979, p.110) depicted a typical regressive cycle model,
recognising five phases of deposition from surf zone of the trans—

gressive phase, to terrestrial deposition at maximum regression.
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Major sedimentological features with palasoenvironment significance

recognised in this thesis,

Palasoenvironment

Microfacies &
lithofacles

Sedimentary structures etoc.

Intraformational (L.7)
& Extraform'nl (L.8)

Palaeokarst
Calorete structures
Rootlet horizons

Supratidal & Conglomerates Fenestrae
High Tidal Peds
Flat
Palaeosol (L.6.1) Vadose cements
Calcisphere Wackestone
Microfacies Assoc'n Penecontemporary
(MA.1) dolomite
Sutured discontinuity
surfaces
Calcisphere Stromatolites
Wackestone
Tidal Flat Miocrofacies Pisolites . -
. Association (MA.1) Isopachous cements
Impoverished fauna _
(mainly gastropod)
Fenestrae
Extraformational
conglomerates (L.8.1) Cross laminated units
Shoreface Peloid grainstone Oncolitic grainstones
(14.3.3) Isopachous cements
Bioclast peloid rud-
stone (MA.4.1) -
Megaripple ocross—
laminated units
Alga peloid grainstone
miorofacies association Ferruginised ooliths
(24.3) Diverse fauna
Shallow Bioclast peloid rud- Cross~bed shoals
subtidal stone (MA.4.1) Sodimont mixd .
men xing an
(Le1 lithofacies) algal mioritisation
Storm layers
Argillites (L.6.2) Diverse fauna
Intraformational Zoophycos bioturbation
Tran:izzzsive Conglomerate (L.7.2)

Le2; Lo3; and L.4
lithofacies

Biostromes and Growth
Baffle Bioherms
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He (opecit) recognised two basic models, dependant on 'lower' or
'higher' energy depositional regimes., The former retains muddy
tidal flat sediments as regressive phases, and ideally the latter
is characterised by shorezéne éedimenté as regressive phases., It
is the predictability of this sedimentary model that allows recog—
nition of featureslthat may otherwise be mis-interpreted or over—
looked, Table 4 indicates the major sedimentary criteria uped.
within this study for palgennvironment analysis of ocyclic sediments,
Facles belts rhythmically migrate across a shelf subject to
eustaocy subgidenoe and progradational mechanisms that induce relative
sea level fluotuations, (fig 6 , based on Coogan, 1969).
. On distal (marginal) shelf areas, according to Wilson's (1975),
pe281) model for shelf cyclicity the effects of sea level fluct~-
uation will be less marked in the sedimentary records (than more
proximal locations :)e The Llangollen and Oswestry successions,
do not represent distal shelf situations, The study outorop is
approximately palaeo—coast parallel, and therefore oycle trends at
right angles to the facies-belt strikes are local and more subtle,
reflecting looal proximal shelf palasogeography.
Cycle offlap also reduces the sedimentary reoorﬁ of cyclicity
(figo T ) in proximal shelf locations. This leads to cycle bound=
ary oonvergence, Ihis'is an important factor within the study area,
especially towa;ds mesothem boundaries where offlap is significant

(chapter 12).
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2e STRATIGRAPHY AND CYCLE FORM OF THE TYNANT AND

WHITEHAVEN FORMATIONS

The Tynant and Whitehaven Formations are dealt with together
because of their similarities in sediment types, cycle structure,

and chronosiratigraphic equivalence, Both Formations were deposited

during Mesothem D5a (Ramsbottom,1977).

2.1. TYNANT FORMATION

Exposed along the basal part of the Eglwyseg Escarpment,

the Tynant Formation thins to the north and south from an outorop
" depocentre at Tynant, the type locality erected by Somerville (1977).

It is the lowest Asbian carbonate-~dominated forﬁation in the
Llangollen Embayment and is part equivalent of Morton's lower Brown
limestone (see Tablel ). It is underlain conformably towards the
outorop depocentre by a red-bed siliciclastic 'Basement Formation'
|Basement Beds' of Wedd et al. (1927) and '01d Red Sandstone' of
Morton (1879))that is no longer exposed. Wedd et al (1927) mentioned
early 19th century reports of "dark red sandstone with some brecc—
iated oonglomerate intersiratified with it", and Morton (1879)
records a few exposures of '0ld Hed Sandstone! nearvTan Yy Graig,
Dinbren Uchaf and Tynant Quarries. _ None of these are now visible,
although its presence is evident from red soils, red fine to coarse
sandstone blocks, and reddened conglomeratic sediments. The
Basemeﬁt Formation may be up to 60m thick at Tynant, but thins
rapidly north and south from this to zero<4k? north and south of
Tynant, |

The Tynant Formation is overlain, élong the whole outorop by

the Eglwyseg Formation. Somer%ille (1977, 1979%b) aefined the
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upper boundary of the Tynant (Limestone) For;ation as the Jjunoction
between the uppermost, thickest and laterally persistent ‘porcell-
anous limestone' with well bedded bioclastic limestones typical of
the overlying Eglwyseg Formation, and specifically the basal phase
of his Eglwyseg Formation Cycle 1. He also noted the top of the

Tynant Formation as the uppermost ococurrence of Daviesiella

llangollensise

Somerville divided the Tynant Formation at Tynant into a'
lower sequence of thin oyoles with argillaceous biomiorite and shale
basal lithologies,and an upper series of seven variable, but gener-
ally thicker cyoles, the uppervthrée of which have "thickly bedded
non-argillaceous bioclastio" grainstones. (Somerville 1979b). At
its thinnest northwardAdevelopment in the Minera region (where it is ~
4m thick) it rests with angular unconformity on the underlying
Lower Palasozoic litharenites., In the Tynant area it is~80-100m
thiock (120m from data of Morton (1879) ) but only the top 55m is
exposed. The top 10m oversteps the Berwyns as far as promysynte(mg.s,)

Cycle correlation, especially in lower exposed strata is

_ difficult due to the similarity of each suoccessive ocyole and the

known lateral variations in bed thicknesses, bedforms (especially
oyole tops (see chapter 6+ ) ) and miorofacies (especially Mi.l -
miorofacies). Correlation oan, therefore, be established only with

a high degree of oonfidenoce in adjacent sections (see Chart A),

‘hundreds of metres apart. Somerville (1977, 1979b) recognised

gome of the pitfalls of ocycle correlation., His correlation chart
(1979b,'p.398) indicates a number of problems requiring 61ar1fioationl
1), Correlation of the sirata from Somerville's type sequence at

Tynant is highly subjective. He used plant bearing and coal hori-

zons (oycle 10 top of Somerville (1979b) ), oocurrence of 'porcel—

lanous' limestones, and general cycle character as markers. He
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recognised that the 'porcellanous limestones' have limited lateral
persistence, and reflected this in his tentative correlations
(Somerville, 1979b, fig.l).

2) Somerville recognised 15 cycles ' in the Tynant Formation as
exposed at Tynant, each one defined by an upper phase of Calcisphere
Waokestone (MA.l). Detailed analysis of the uppermost oycle and
others indicate that some may be oonsidered multicyclioc (see ;igs.

9o & 9b).

3) Somerville noted that the large chonetid Daviesiella llangollensis

was 'not known from the overlying Eglwyseg Formation' (Somerville,
1979b, p.397)- Chart B attests to its infrequent presence in strata
of the firstTand higher Eglwyseg Formation cycles, all along outorop

from Minera to Trefor Rocks in the south.

2.1.1. Cycle Form
In the Tynant Formation the cyoles vary betwsen about .50cm

and 12m thick. Most are between 1 and 4m (see chart A). Ideally
they comprise a basal bloclastic phase of argillaceous alga back-
stones (MA.2 microfacies association) and an upper phase of calcis-—
phere wackesiones (MA.1 microfacies associations) corresponding to
the 'porcellanous limestones' and ‘caloite mudstones' of previous
workers. Intermediate in position within the oyocle,thin to medium -:
bedded alga peloid grainstones (MA.3 microfacies association) are
variably developed,(figs11&12) but develop as thicker‘units in
cycles towards the top of the Tynant Formation, réflecting a gradual
transition to oycles of Eglwyseg Formation character.

Microfacies commonly grade into each other. Minor litho-
facies inocluding intraformational and extraformational oonglomérates
occur in basal phases of cycles, and are partiocularly common immed-

eately overlying the top of the caloisphere wackestones, representing
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recognised that the 'porcellanous limestones' have limited lateral
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the initial transgressive phase of +the suooe;ding oyole. Chapters

6 and 7 discuss the miorofacies petrography, early diagenesis and

palaeoenvironment implications. Fig.l0 shows a composite sequence

oycle (sensu Duff and Walton, 1962) from the lower/middle part of

the exposed succession at Tynant, Detailed sampling across cycles

in the Tynant Formation reveals a number of readily appreciable

compositional trends (refer to figs.ll & 12). These aret

1) The relative inorease in lime mud towards, and partly within,
MA.l in cyocle upper phases.

2) A corresponding increase in caloisphere components into MA,.l
compared to the underlying basal éhases of the cycles.

3) Caloite cement correspondingly decreases with lime mud
increasing »

4) Identifiable peloids and intraclastic micritised fragments
decrease slightly in percentage composition from an approximate
steady state in MA.2 aid MA.3 (about 10-20%) t0<10% in upper phases
of MA.1l lithologies.

5) Beresellid and tubular / septate algae decrease markedly in
abundance into MA.l lithologies from their domination within
underlying MA.2 and MA.3.

6) Foraminifera, red algas and macrofaunal bioclasts are most
abundant in MA.2 and MA.3 miocrofacies, decreasing to trace pr;port-
ions in overlying MA.l.

'7) Ostracods appear to have an irregular distribution pattern,
not bearing on the miorofacies type.

These trends are readily recognisable not only in Tynant

Formation cycles, but also comparable cycles from the Lower Asbian of

the Ravenstonedale area (Poits Beck Limestone, River Cleugh —see

fige 35, section 5. 1l 2 and the Sychtyn Member.
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Sequential sampling across a cycle and subsequent point
counting not only shows these broad trends, but also is a powerful
indicator of more subtle 'within-—cycle' irregularities and sﬁaller
soale cyclioc patterns, not readily apparent in the field. Figse 11
&:12sﬂow where two oyocles are differentiated, although only one is
readily visible in the field due to the lateral impersistence and
poorly developed form of an intermediate caloisphere wackestone
microfacies association (MA.1) 'within' the more-readily detected

cyocle. Other such cases may have escaped detection.

Cyole trend plots ('C—A-M'ternary diagrams)

Fig « 14 .showsfhe compositional variation from point ocounts
of bioclast components in indiviﬁual samples of Tynant Formation
sediments. Theseternary plbts have been designed from the preceed-
ing review of the main compositional trends within the cycle sedim-
ents, in order to 'spread' the sediment plot positions over the
diagram as much as possible, whilst allowing for the variability of
all the sediments studied. Thus, components with similar trends
between miorofacies have heen grouped as one end member as far as
is convenient. This technique, therefore, links components with
like depositional histories as single end members.

The three end members erected aret

1) Calcispheres +.M611u508 (Gastropods) oooooooooooooooooo( c )

2) A1l calcareous algae other than 0aloispheres eecessscce( A )

3) Maorofossil bioolastic elements other than
mollusc, but including foraminifera ceceescecssceso( ¥ )

Read (1974, p.27) used tenary plots to distinguish sediment
types, but inoluded non-bioclast data. Flugel (1978, p.168) used
a circular plot to compare sediment types, but this requires a
separate diagram for each sample, aithough more components may be.

plotted.
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End-member values are obtained by recalculating point-oount
'volumes' of the selected components to a percentage of the total
end-member component'volumes' as shown in Appendix 11 (rows 17-19).
Therefore, the total end member components range from a few per-'
cent to over 80% by volume of the point-counted sediment. Ostracods
are not included in the C—A-M diagram as they appear to have a
random distribution, The resultingternary composition is a refleot-
ion of the available sediment produocing organisms and of the sort—
ing and transpérting processes that may have acted upon the bioclasts
as components of muds or sands. As a direct result of this,
specific microfacies plot concentrated within certain regions of
the ternary dlagram but the composition fields do not locate precise
miorofacies boundaries as the erection of miorofacies élso involves
fabric criteria that do not vary 'in sympathy' with bioclast compos-—

jtions precisely (fig.18)e

2,102+1s END-MEMBER. 'C' . Section 6¢641.1, discusses the significance
of 'calcisphere dominated sediments (characteriatio of MA,1, micro-
facies), and indicates that calcisphere plants may have oocupied a

. very shallow subtidal habitat, either in situations that .other algae

and non-gastropodal fauna could not tolerate, or themselves 'poison-
ing' the substrate for other benthonic communities to develoﬁ. ] It‘
is fhe presence of gastropods to the virtual exclusion of other
macrofauna when associated with oaloisphere-domina£ed sediments that
places them within the 'C' end-member. Gastropod-dominated
commnities are commonly associated with Recent '‘restricted' (towards

hypersaline) environments of peritidal situations.

201e2¢2+ END-MEMBER., 'A! All algal components other than calcispheres
are inocluded within this end member. From the microfacies disoussion

of section 7.2,7.1,it is ooncluded that beresellid (and similar) algae
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were prolific sediment contributors in subtidal environments, below
fair-weather wave base where sediment mobility was less than the MA.3
open—shelf habitat, In these sediments the algal diversities are

. high (see table5m0a), and these alga—carpeted habitats supported a

variable coral-sponge-brachiopod association.

2,1.2.2. END-MEMBER. 'M' This end-member reflects stenohaline faunal
contributions to the sediment (braohiopods; crinoids; ocorals and
bryozoans). Foraminifera are also included here, although their
environmental tolerances are not clearly defined. Thus Bioolastio
grainstones (MA.3.2) plot towards this end-member, as do peloid grain-
stones in which the recognisable coral+brachiopod+echinoderm + bryozoan +

foramirifera bloclast volume far 'outweigh' the algal component.

2.1.2.4¢ BENEFITS OF THE TECHNIQUE Direct comparisons may be made
between the biogenio.oompositions of sediments, after p19t£ing them
on the ternary diagram. Although there is potential for a fourth com-
ponent it would olutter the diagram,.in this case unnecessarily.
Wackestones and mudstones.plot acoording to their bioolastio‘make-ﬁﬁ,
not their textures. Trends of stratigraphically related samples may
readily be picked-out, _and tie-=lines linking them inserted gsee fig 13).
This technique shows cycle trends, and eliminates total-composition

data modified by sediment oompaotion; matrix and peloid abundance.

2,1.3. Cycle trends in the Tynant Formation.

The tanary diagram , fig .. 1% effectively showsthe main
Tynant Formation cyole trend, with sediment compositions evolving from
a mixed bioclastic composition in basal MA.2 and MA.3 phases towards
mollusc—calcisphere dominated MA.l miocrofacies on oycle tops. Fig. 17
shows this trend simplified.

Lower oycles of fhe Tynant Formation have poorly developed

MA,3 units, and at times thiok sequences of MA,2 sediments. Towards
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the top of the Tynant Formation, however, the cycles develop thicker
middle units of thin bedded MA.3 sediments, a trend that is cont-
inued into the overlying Eglwyseg Formation.

The upper oycles of the Tynant Formation are laterally the
most extensive, due to successive onlap on to the flanks of the Cyrn
y Brain. North of Minera, these upper cycles oontain basal phases
dominated by bedded MA.3 lithologies with evidence of a greater
energy environment indicated by low angle inclited laminated ooax‘-se
peloidal grainstones lacking indigenous macrofauna (with skeletal
oncolitesf, extraclasts, and centimetre sized intraclasts) oontrast-
ing to the finely bioclastic (mostly < lmm) typical M:A.3A and underly-
ing M.A.,2 of the World's End to Trefor Rocks succession. This
transition in microfacies form suggests a northward tra.nsi_tibn from
shallow subtidal deposition (at or below fair-weather wave-baseéjfig 14 &77)
(chapter 7) to near shoreface deposits. The regressive MA.l ‘
miorofacies are also poorly developed in the upper '.l‘yna.nt Formation
around Minera (except the uppermost regressive phase). Shark Bay

offers a Reo_ent comparative situation where sublittoral sheets of'ooa.rse
lithoclastio=-skeletal grainstones underlie tidal-flat veneers (Brown & Woods
19749328).Purser(1975)in’aemeted inoclined beddingin ‘gralry' cycles to be of
beach or prograding spit ariginn A subtidal situation is favoured here.

Facies Transitions.

Lateral microfacies transitions are readily observed only in
MA.l associations. These transitions take a number of formss
1) 4Abrupt lateral transitions due to a oross—cutting bedform, e.g.
surface relief of a stomatolitic oryptalgal laminite (see fig.40 )
or differential erosion on a cycle 'boun.dary. (fig. 4/). These trans-
itions do not imply synchroneity of deposition of the adjacent
lithologies;

2) Grading lateral transitions are diffioult to recognise in the

T

8ee frontispiece
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field due to correlation and exposure problems. One rare example

9f a lateral transition over 5m from an argillaceous alga packstone

(MA.2.1) to a fenestrated caloisphere wackestone (MA.l.l) ocours at

G.R., SJ. 22002551, The uppermost oyocle of the Tynant Formation
(according to Somerville's scheme) is characteristic, with a regress—
ive MA.l phase about 10m thick. However, at Minera, over a diafanoe
of lkm, this 10m thiock sediment body gpparentl} thins to a few centi-
metres, but with an overl&ing palaeokarst.

Lateral variation in intgrnal struotures are locally marked.
Alga peloid grainstones (MA.3) vary considerably from unlaminated to
parallel and to Aross-laminated units over a distance of a few metres,
due to the presence of localised bedforms (see section 6, 3. ) and

7bioturbation homogenisation.

WHITEHAVEN FORMATION
The WHITEHAVEN Formation (new term) is equivalent to the lower

150 feet of the 'Lower Limestones' of Wedd et al (1929). It also is
the lowest carbonate~ dominated formation of the OBwestry‘Embayment,
and in a similar manner as the Tynant Formation, is underlain locally
by a siliciolastic formation - the 'Basal Shales' of Wedd et al
(1929) ('Lower Shales'of Morton , 1879). .

| Exposure of Basal Shales is now limited to~2m at the base of
Whitehaven Quarries (G.R. SJ264245) - see chart C. Wedd et al (1929)
recorded adits dug through 50 feet of Basal Shales at Crickheath Hill
(6.R. 5J273233), and Morton (1879, p.121) recorded ~ 62 feet at
Llanymynech (see Chart C). Figures approaching 100 feet have been
suggested, dominated by maroon, dark grey and green shales, thin

carbonates (especially towards the top),arenaceous carbonates,and
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Lower Palaeozoic extraclastic conglomerates (Morton, 1879, pel20 =
121)s Wedd et al (1929) recorded both marine faunas and much

fragmentary plant mate;ial from the basal shales.

Definition of the Whitehaven Formation., (Fige /5aq) "

This formation is composed of the Sychtyn and Llanymynech
Members. It comprises a sequence of shoaling oycles with alga-— .
peloid grainstone dominated basal phases and either calcisphere
wackestone upper phases or bedded oross laminated grainstones.

Cycle boundaries are either emergence surfaces or planar transitions.'
The formation name is derived from the area of country, north of
Llynclys Hill, upon which numerous quarries exéose the Sychtyn Member.

The upper boundary of the Whitehaven foxlmation (with the Llynolys
Formation) is marked by the commencement of oyclic deposition similar
in form to the Eglwyseg Formation, with arglillaceous stylonodular
and thick bedded MA.3 lithologies predominating. The boundary is a
deeply ‘potted' palasckarst (see chart C),

&he Whi;ehaven Formation is divided into the Sychtyn and
Llanymwneoh Members (ﬁew terms), each with distinct lithological

assooiations, cycle forms, and outorop pattern (Fig. /5b).

Bioétratigraphio ocontroversy,

Morton (1879) correlated (implied chronostratigraphic) the
Eglwyseg Formation with the Whitehaven and Llynolys Formations (his
"White Limestone") in the Oswestry area. ' He also placed the "Lower
Shale" (opeoit. pe120) as equivalent to the "Lower White Limestone"
of the Llangollen area, primarily on account of the relative thick—
nesses of the Llangollen and Oswestry sediments,

Conversely, Wedd et al (1929, p.89) placed the "Lower limestones"
as equivalent (?chronostratigraphically) to the "White Limestone and

greater part of the lower Crey and Brown limestons of the Llangollen”
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area', dismissing Morton's views as "contrary to palaeontglogical
evidence and not justified by lithological resemblance, except in

the highest beds[~Llynclys Formation|" (op cite pe90)e Wedd et al
*(1929), however, oited 1ittle useful palaeontological evidence either
to refute Morton's stratigraphy or confirm their own; They recog=—
nised a "DI" zonal age for the Basal Shales and the lower 150 feet of

the Lower limestonss with the presence of Produ&tus of maximus and

Daviesiella llangollensis, but noted the absence of Palaeosmilia

murchisoni, However, they placed the top 80 feet of the Lower
limestones (= Llynclys Formation) within "D, " (Brigantian) from the

presence of P, muchisoni, Dibunophyllum muirheadi, Pustula punctata

and, most important, an ill-preserved '?lonsdaleia‘s

Detailed lithofacies correlation indicates fhat the base of
the Trefor Formation (Upper Grey lLimestone) is readily correlated
from the Llangollen into the Oswestry embayments , and there are
no indications to‘sﬁow that initiation of iis deposition was not
synchronous in both areas (see chart D). This, and the presence of
Asbian faunas in the Llynclys Formation implies that the top of the
Whi tehaven Formation 1ies some distance beneath the Asbian/Brigantian -
boundary. .

George et al (1976, po34) noted the presence éf a prominent
regressive phase "caloite mudstone" on Anglesey,at the upper part of
the Lower Grey and Brown limestone (within their Dyserth Limestone
Group), and elsewhere, The Tynant Formation of Llangollen contains a
similar well developed regressive phase at its top, and the upper 15m
of the Sychtyn Member is also dominated by a similar regressive phase,
but this is not apparent in the laterally equivalent Llanymynech Member.

| The presence of this regressive peritidal-dominated event as a

transition between the thin cyocles of the Tynant Formation/&yohtyn
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Member aga the thicker cycles of the Eglwyseg/blynolys Formation
sediments promotes inclusion of the Whitehaven Formation within the
early Asbian aé lithostratigraphic (and chronostratigraphic) equivalent
to the upper oycles of the Tynant Formation (as concluded by Wedd
etoal, (1929) )e Thus the underlying Basal Shales are chronostrati-
graphically equivalent to lower cycles of the Tynant Formation,

The "Porcellanous Bed" of the Askrigg Block (seoction 5, 2. )
may be a synchronous early Asbiah regressive event (cited in Somerville,
1979b), although Jefferson (1980) considered this and the underlying
Horton lLimestone as Holkerian, and followed previous workers in evoking
a non-sequence spanning most of the early Asbian on the Askrigg Blocke

Biostratigraphic correlation of the Whitehaven and Tynant

Formations is more tenuous, Daviesiella llangollensis, common in

basal phases of Tynant Formation cycles, is a very rare component of

the Whitehaven Formation. Gigantoproductus ¢f maximus, Dibunophyllum

Bpey lithostrotion of decipiens and L. ofe martinioccur within the

Whitehaven but not the Tynant Formation, and chaetetid-syringoporoid
biosiromes, a characteristic-feature of the Whitehaven Formation are
very poorly developed within the Llangollen equivalent, Similar
assemblages of algae and foraminifera occur in both formations (see
appendixﬁ )y but have not been recognised as distinoct from the
Eglwyseg Formation. On an assemblage=structure level the Whitehaven
Formation has close similarities with the lowermost Eglwyseg Formation,
Heterocorals,common in lower cycles of the Eglwyseg Férmation,are_
however, absent in Whitehaven Formation sediments, but occur within
the overlying Llynclys Formation. It is here considered that the
biostratigraphic differences between the Tynant and Whitehaven

| Formations are palaeoenvironmentally induced, reflected in the subtle

variations of cycle form and palaeogeographio/hepositional disposition
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of the areas (see on).

203, SYCHTYN MEMBER (New Term)

Derivation of namet From Craig Sychtyn, the Major outcrop feature

of this member,

Type localitys Nant Mawr Quarry, G Re SJ.252250, near

Treflach, 1% Xm south of  Craig Sychtyn (Chart C)T

Iithostratigraphic definitions The member comprises a sequence

of thin shoaling carbonate cycles ( <1m t0 a maximum of sbout
15m) dominated by a basal alga peloid grainstone phase and

an uppe’r calcisphere wackestone phase, It is encompassed
within the Whitehaven Formation. Southwards it inter—
digita:tes with the Llanymynech Member whilst northwards it
onlaps _successive cycles on to the Berwyn ‘axis', (see

Chart [« ) °

Thickness and distribution. It varies between zero over the

Berwyn Hills to a maximum of about 50m in the Whitehaven
aresa.

The Sychtyn Member outorops betwsen Craig y Rhiw in
the Nor“th and Whitehaven in the South, It is onlapped

towards the Berwyns by the Llynolys Formation (in turn

1-
Plate 1, fig. E.
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PLATE 1. .. Mesothem, D5a

Lensing horizon of caloisphere wackestons (MA.1) =C.We,
within the Tynant Formation, Tynant, G. R. SJ 21994551 Note
'sutured discontinuity' upper surface.

A 150m bed of matrix supported intraformational conglomerate

(¢) overlying a minor cycle boundary (B outlined) at Tynant,

- Tynant Formation, G. R. SJ 22054533.

Quarried exposure of Asterley Rocks, llanymynech Hill,
Whitehaven Formation, Llanymynech Member, Ge Re SJ 267218,

. Llanymynech Member, Llanymynech Hill,'"Old'Quargy",'
G. R. ST 26572180, Bed lensing within a low angle oross

bedded unit.

Type section of Syochtyn Member (Whitehaven Formation)
and lower minor oyoles of the Llynolys Formation (upper Asbian)

Nant Mawr Quarry, Ge R. ST 25202500

Chondrites sp. within an alga peloid grainstone (MA.}) ‘

Syohtyn Member, Nant Mawr Quarry, G. Re. SJ‘25122503.
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onlapped by the Trefor Formation). It is underlain by the
Basal Shales only south of ?Treflach, north of which it oversteps

the Lower Palaeozoics of the Berwyns.

2.3.1. Lithostratigggphx_(refer to Chart C.)

The Sychtyn Member has a oyolicity of form aimilar to the
Tynant Formation. However, algal packstones, (MA.2) the dominant
micréfaoies assoolation of the Tynant Formation, are subordinate to
peloid-algal grainstones (MA.3), forming most of the cycle lower
rhases. Calcisphere wackestones (MA.l) account for up to 50% of
the formation. The cycles vary from 30cm to<l5m in thioknesstﬁnd
the sediments are generally less arglllacecus, and lighter grey/bream
or maroon colour compared to the Tynant Formation cycles. A minimum
of 15 c&oles is: readily recognised at Nant Mawr, but the total may
excesed 25, as the recognition of oyole boundaries is uncertain, Some
may be interpreied as'multiple;onomasjpéleokarstio/hrosional features
are not apparent. As with the Tynant Formation, lateral correlation
is effective only in very adjacent outorops (e.g. within the White—
haven Quarry complex), with some single oycles correlateable over
> lkm, but only on gross morphological detail (e.g. a thick MA.l
upper phase, capped by a prominant palaeockarst.) Indeed, here, as
in the Eglwyseg Formation, the character of the cyocle boundaries
provides useful correlation markers, although these do vary from
deep potted surfaces to smooth undulose bedforms with negligible
relief (see chapter 11) even along individual planes,
Wedd et al (1929) recognised one prominent "pottedhorizon in White—
haven Quarry. 'Not:pbly, calorete profiles have not been observed
in Sychtyn Member sediments.

Towards the top of the Sychtyn Member, a thick calcisphere
wackestone (MA.l) phasé is developed, similar to the top of the

Tynant Formation, but is nevertheless composed of ?2 to 6 cyoles( FIG/bACHARIC).

T

see composite sequence oycle of Fg., /6a
>4
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The development of MA,3 phases, rarely with stylolitic
rubbly weathering and mottled 'pseudobrecclia' appearance shows
similarities with the Eglwyseg Formation, although these are more

apparent in the overlying Llynolys Formation,

ot o e e rrmom - A s ——— =~ ms e e e Se e e et -

203020 chla Trends,

Point count analyses of Sychtyn Member sedimpnts reveal very
close similarities with similar microfacies of the Tynant Formation
(see Appendix iz). Their biooclast compositions fall into the same

cycle +trends as the Tynant Formation (fige. 169e

2e3e3e Palasontology.

Appendixﬂiists the fossils associated with the Sychtyn
Member. Rugosan corals are rare, and include

Iithostrotion of martini, The presence of Gigantoproductus of

maxinmus, Daviesiella llangollensis and Linoprotonia hemisphasrica

confirm an early to mid Asbian agee. However, Composita of ficoides,

an Holkerian form according to George et al. (1976, pe 9 = 11) is very

commone

24304 Palasoenvironment.

The palasocenvironment interpretations of Sychtyn Member micro-
facies are discussed at length in chapters 6 and 7. The cycles
represent regression and tidal flat progradation, following rapid
transgres;ive events, during a grgdual transgression on to the flanks
of the Berwyn 'axis', associated with the lower Asbian (Mesothem DSa
of Ramsbottom,.19775 transgressive event.

The lack_of MA,2 transgressive phases suggests that during
maximum transgression, deposition continued above a normal (fair weather)

wave basge,
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2.4. LLANYMYNECH MEMBER (New term)

Derivation of names From Llanymynech Hill, the major outorop

feature of the Llanymynech Member,.

Type localitys Asterley Rocks, G.R. SJ 26572180 , (where it
is best exposed in the "0ld Quarry") on the southern flanks
of Llanymynech Hill.: (Plate 1, fig. C; Fig, /51b),

Lithostratigraphic definitions The Llanymynech Member comprises a

varied sequence 55 to 60m thick,of shoaling carbonate cycles,
. underlain by the Basal Shales (unexposed) and overlain by>the
Llynolys Formation (transition unexposed). It is encompassed
within the Whitehaven Formation and?interdigitates with the
more northerly Sychtyn Member. | The minor cyclicity lacks
R well developed regressive calcisphere wackestone (MA.1) phases,
and-is dominated by a varied sequence of shoaling grainstones

interspersed with palaeockarsts.

2.4.1. Lithostratigraphy (Refer to Chart C.)

The Llanymynech Member outorops on Crickheath and Llanymynech
Hills. - It is chronostratigraphically equivaleﬁt to and apparently
‘interdigitates with the Sychtyn Member. It 6omprises~90%‘MA.3
(alga peloid grainstone) miorofacies; mostly in a cycle férm distinct-
ly different to the Sychtyn Member, with only very rare and poorly
" developed MA,l1 upper, and MA.2 lowsr phases, ° About 15-207cycles
are exposed at the type locality, although their individual recog-
nition is often ambiguous., ‘Chart C shows the tentative correlations
between the Sychtyn and Llanymynech Members. |
Whereas oycles of the Sychtyn Member oharactefistically had
MA,)l dominated upper phases, often with emergence features developed
thereon, oyoclicity in the Llanymynech Member isﬁless readily recognised.

It comprises basal MA.3(and MA.2)phases of thin‘bedded finely
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bioclastic-peloidal sediments, at times with larg; scale low angle
(2-15° ) oross-bedding (Plate 1 fig. D ), and ‘pinch and swell®
siructures, superseded by MA.3 sediments in beds up to 3m thick, often
with oolites and internal oross-lamination common( fig. 57).

Cycle boundaries are poorly defined, either
by marked lithological transitions, or by palasockarstic and 7palaeo-
karstic surfaces (Forms 'A' and 'D' - see section 11.2.1.)s Calorete
phenomena are rare. Often only aﬁ'upper‘massive bedded MA.3.phase
is present sandwiched betwsen (?) emergence surfaces and, therefbre,
representing an individual cycle. Chapter B8 disousses the micro-
facies relationships and palaeoenvironm;nt model for these

deposits. Fige /9 summarises the cycle form,

Cycle Trends.

In a similar manner to Sychtyn Msmber and Tynant Formation
sediments their bioclastic compositions plot on the C—=A-M tamary
diagram (figs.17 &18). In this Member, the.oyole form shows a
distinotly different trend. Although some of the thin-bedded basal
phases plot towards the 'A' end-member, upper phases dominantly trend
towards the 'M' rather than 'C' end member.

An approach to the 'C' end member is made by the very few

MA,1l phases present 'on oycle topse.

Palaeontology . (see fossil 1ist, appendix 1y )

MACROFAUNA ~_Palaeontologically, this member is similar to the

Sychtyn Member with characteristic Chastetes(Boswellia)/ Syringopora

retioculata biostromes, and similar Composita-prolific dbrachiopod

assemblages., Wedd et al (1929) reported the presence of Daviesiella

llangollensis at Llanymynech, which has been confirmed in this

studye Lithostrotion of decipiens ocours in higher beds of the
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Llanymynech Member, and is common in mid/iowar ocycles of the

Eglwyseg Formation of Llangollen.

Dibupophylloids, caninids and fascioculate litho-
-strotiontids  further suggest an Asbian age (see fossil 1list,
appendix ﬂ )e Both gastropods and echinoid spineé are locally

significante.

MICROFLORA Microfloral assemblages similar to the Syohtyn
Member ( Appendix 1V ) ocour, with Ungdarella sp and Asphaltina sp
(s/m 1146)

MICROFAUNA ' Foraminifera are ubiquitous to all MA.2 and MA.3

sediments, and includes Pseudoendothyra sp. (1409); rare archaed-

iscids; Plectogyra spp., ?Palasotextularia sp. (1241); Endothyran-
opsis of crassaj Ammodiscids indet. (1415);
Eostafella of proikensis (s/m 1163).

Palasoenvironmente.

. Llanymynech Member deposits are the southernmost remaining
Asbian sediments of the bswestry Embayment. To what extent the
Carboniferous sedimentation exiended southwards (on to St. Georges
Land) is unclear but it was probably kilometres rather than 10's of
kilometres. -

There is, however, no evidence of southerly thinning of the
Whitehaven Formation (cf. the Brigantian Trefor Formation)e.

The sedimentology and palasoenvironment interpretation are
given in Chapter 8. " The Llanymynsch Formation represents a subtidal
shoaling complex, located seawards of the Sychtyn Member, to which
it acted as a barrier, especially dufing regressive phases of the
minor cycles, when southerly prograding Syohtyn Member peritidal

(MA.1) sediments developed shorewards of ite. .The overall dimensions
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and geomeiry of the Llanymynech Member are not clear. Present out-
orop is limited to an elongate NNE/SSW feature 2km by lkm. The
development-of a 'stacked' shoaling complex may have been caused

by an ineétial influence of slight topographic relief formed due

to the presence of underlying shoaling sedimsnts. Lower minor oyoles
lack the shoaling developments, and have similarities with the.
Sychtyn Member sediments, indicating a probable northward progradat—
ion of the member reflécting the gradual transgression over the

Berwyn high. ‘ : -
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2 ¢5.COMPARISONS BETWEEN TYNANT AND WHITEHAVEN FORMATIONS

2,5,1,}1thologioa1 comparisons.

The Tynant Formation sediments are mostly darker and more
argillaceous than their Whitehaven Formation counterparts. This is
reflected in their respective oycle forms, Basal minor cycle
argillaceous algal packstone (MA.2) phases dominate the Tynant Formation

(at Tynant)whilet bedded grainstones are the Sychtyn ¥ember equivalents.
As such, the.ﬁyohtyn Member cycles are more similar to the upper cyocles
of the Tynant Formation developed towards Minera over the Cyrn y Brain
(Chart A). | ‘

Whereas 'maroén"argillites, from erosioﬁ of a Lower Palaeozoioc -
hinierland,provided 8 ciastio supply for the Whitehaven Formation,
i11itic grey argillites pervaded the Llangollen embayment{

Subsidence probably played a major role in both development of
oycle form and overall thickness of tﬁe succession. Chapter 3
shows that the basal thin bedded ph;ses of upper Asbian Eglwyseg
Formation cycles thicken towards depocentres and are probably related
4o positions of greatest relative subsidence., It is unclear how much .
the Llangollen embayment subsided during deposition of the Tynant
Formation, as pre—Asbian lahdscape relief may héve partly aocounted‘
for the great discrepancy in thickness between Minera, Tynant and the
Berwyns (up to about 110m).

Local subsidence apparently played a more subdued role in the
Oswestry Embayment. In the 20m below the top thick regressive phase
at Nant Mawr (itself 2 - 6 cycles), the Whitehaven Formation comprises
about 12 minor cycles. The 12 minor cycles below the equivalent
regressive phase of the Tynant Formation acocount for about 40m of the
measured section, suggesting that overall ‘subsidence and/br‘dap931tion
rates were twice that of the Whitehaven Formation. Within these 12

oycle sets, 730om of MA.l phase is de%eloped in the Llangollen embay-
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ment (at Tynant) and 860cm in the Oswestry embayment (at Nant Mawr).

"It is primarily the lack of the basal argillaceous and packstons
phases that produce the thickness difference between Tynant and
Nant Mawr. Both these locations correspond approximately to the
embayment 'depocentres' as exposed at present.

The lack of extraformational conglomerates within the White~
haven Formation (cf the Tynant Formation at Minera) suggests that
the Lower Palasozoic hinterland was either not as proximal, or more-
subdued and subject to less erosive activityes The former is most
likely as extraformatiénal conglomerates have been recorded in the
underlying Basal Shales. | - ’

The Whitehaven Forﬁation has well developed palaeokarsts on
minor cycle boundaries, a rare ocourrence in the Tynant Formation.
This suggests that longer periods of subaerial ehergenoe character—
ised the Oswestry embayment, reflecting the gbsence of local sub-

gidence. Significantly calcretes are rare in both formations.

205626 Biostratigraphio Compariséhso o

There are major biostratigraphic differences,in the faunal
development of Tynant and Whitehaven Formation strata. This diff-
erence first prompted biostratigraphic correlation of the Whitehaven

Formation with the lower cycles of the Eglwyseg Formation;(as Morton,
1879). ' |

2.5¢2.1, PALAEOECOLOGICAL SIGNIFICANCE OF DAVIESIELLA DISTRIBUTION.

Daviesiella llangollensig, is prolific in the Tynant Formation but a

rare component of the Whitehaven Formation. Chaetetid-syringoporoid-
lithostrotiontid assemblages are common in the latter, but are scarce

in the former,
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Substrate sediments in the Oswestry area were more mobile
towards cycle bases than Llahgollen, possibly reflecting a shallower
environment at maximum minor oycie transgression, The formation of
oolitic shoals attests to this movement; "~ From the growtﬂ morphologies
of the chaetetids (section 8.3+1.1) it would appear that they oould
thrive in a high energy scouring environment, Daviesiellids are
large chonetids lacking prominent anchorage spines, Although_their
robustness and size may have prevented minpr bottom currents from over-
.turning them, they (and especially their spgaf) would have been readily
moved above & fair weather wave base. Their adaptive strategy,
therefore, was more oonducive to a habitat beneath fair-weather wave
base, where they had a'degrge of stability against short lived and
minor bottom currentss Fige2C shows a rose orientation on direcf—

ions of umbones of 100 Daviesiella valves from an exhumed bedding

plane at Minera. The measuremenis indicate a degree of orientation
towards the SW. (The readings included both convex and consave up
single and artioculated valves)s | ‘ _
Ferguson (1978) showed that glgantoproduotids (similar to
daviesiellids in gross external morphology) ﬁere reorientated by slow
moving bottom currents, but were overturned with currents above BOom/bec.
According to Hardie and Ginsburg (1977) bottom current velocities of
IOOom/Eec are induced by wind épeeds of 15m/€ec in water 5m deep with
100km fetche 1.6 Storm conditions were not necessary to overturn
a daviesiellid in shallow waters. '
Further factors controlling the distribution of daviesiellids
may have included a degree of environmental restriction (and meta=-
haline conditions) in the Oswestry area, although the coral faunas do
not support this, and there is no  evidence of any evaporite suite

in either the Llangollen or Oswestry embayments;
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3o STRATIGRAPHY‘AND CYCLE FORM OF THE EGLWYSEG AND

LLYNCLYS FORMATIONS

3.1, EGLWYSEG FORMATION

' The Eglwyseg Formation was erected by Somerville (1977, 1979a)
to inoclude the Upper Asbian stratg deposited within the ‘confines?®

éf the Llangollen Embayment (as defined herein), with its type .
section in the natural exposures of Tynant Ravine, on Eglwyseg-
Escarpment. The formation is conformable with poth the underlying
Tynant and overlying Trefor Formations. At its thiokest development
(around Tynant) it is 150m thick, but thins by onlap,southwards on to
the Berwyﬁs in the viocinity of Fronoysyllfe'to zero,and northwards on
to the Cyrn y Brain where it reaches a minimum of about 55m at Minera
(see Chart B). North from Minera the formation thiokens into the
outorops of the Vale of Clwyd, there termed the 'Loggerheads Formation'

Aby Somerville (1977). S°u£hward8, the Eglwyseg Formation is ohrono-
stratigraphioall& equivalent to the Llynclys Formation (see fige.l-
and section 3.2.). ‘

Somerville (1977, 1979a) divided the Eglwyseg Formation into
nine or ten 'minor cyocles'. Ramsbottom and Somerville (in Somerville,
1979a, pe 337, 340) agreé& that the term 'minor ocyocle! ocould readily
be interchanged with 'oyolothem' (Ramsbottom, 1977) in the context
of the Eglwyseg Formation. The term ‘minor oyole"is here abbrev—
iated to "oyocle" unless otherwise olarified. It is used here in

preference to ‘cyclothem ! (see section 1. 6. ).

Somerville (1979a) discussed the detailed stratigraphy of his

oyole schems for the Eglwyseg Formation. Rather than repeat his
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model for Eglwyseg Formation oyoles, comprising 3 dominating

phases?

phase C Thiokly bedded or massive pale grey biosparite,
phase B Even bedded or wavy bedded dark grey biosparite.
phase A Caloareous shales, marls, rubbly miorites and

' biomicr lites.

Problems arise in defining cycle boundaries whgn either clear—
out lithological transitions from Somervilles phase C to phase A are
absent or subaerial emergence features (palaeokarstio surfaces,
laminated calorete orusts and oclay palaeosols), are not present or

-

not exposed,

Somerville's Eglwyseg Formation 'éyoles 1l to 4' are readily
defined by presence of these emergence features and pﬁase C to A
transitions, but in higher strata, limited exposure and apparently
greater monotony of sediment types makes cycle identification less
clear. 'The.prolific development of 'rubbly miorites' (phase A)
(termed 'stylonodular' here following ~Logan and Semeniuk (1976)

in Wanless (1979) ) interbedded
with more massive fedded bioclastic peloidal grainstones (phase C)

suggests that there may be more than the 14 minor cycles recog=—

rised therein, ’ -
The problem is one of degree. When does & oycle boundary

beoome a minor fluoctuation within a larger ‘oycle'? (e.gJ@ultiple 6ycle
boundaries), This problem is ‘also encountered in Mesothem D5a

sediments, as indicated in section 2. 3. 1 ),

3.1.2.1. SEDIMENTS BETWEEN Eg, 1.AND Eg, 2. (Somerville's minor oycle 1).

Along the main outorop of Eglwyseg the lowermost strata of the
Eglwyseg Formation are well exposed. Somerville (1977, 1979a) recog-

nised the presence of three thin calocisphere wackestone (*porcellanous
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miorites') similar to the underlying Tynant Formation, but did
neither include them within the Tynant Formation, nor give them full

cycle boundary status.

One of these thin (< 30om) beds at Dinbren Ushaf(Eg. lo, fig. 22,
Chart B) has a sutured discontinuity upper surface, indicative of
intertidal exposure (see section 1lole2. ). They are interb;dded
with dark thin bedded argillaceous packstones (MA.2) and grainstones
(M4.3), *ith rare gastropod-algal rudstone (MA. 4.1 ) lenses, The
minor MA.l phases represent short-lived regressive events within the

first major transgressive phase of the Eglﬁysgg Formation.

SEDIMENTS BETWEEN Eg. 2.and Eg. 3. ( Somérville's minor cycle 2)

The massive bedded 'phase C 'of this cycle is equivalent to the
'Basement Bed' of Morton (1879). Somerville (1977) noted that the
woll-developed laminated calcrete crust (Eg.2a) towards fhe top of

the second minor cycle (G. Re. SJ. 22854433 ) ocourred ‘'up to 50cm

below’ th; cyole top. Northwards from the Trefor exposure, &his
boundary is represented soieiy by a low amplitude ( < 150m)?palaeckarst,
but does not correlate with Somerville's cyole 2 / 3 boundary af T&nant,
(see fig.22 and Chart B). Somerville included the stylonodular and
massive (4m) MA.3 unit that overlies the palaeokarstio'/ caioretised
(Eg. 2a) surface along Trefor Rocks within his third minor oyocle.

This 4m unit, = ocorrelated with Somerville's.third cycle at Tynant

by Somerville (1977, 1979a) is a complete minor cycle albng.Trefor i

Rocks but has not been recognised north of Dinbren Uchaf (see fig.22 )e

Along Trefor Rocks a very prominént palaeokarstic upper surface of

this 4m cycle (Eg. 3) is infilled by maroon shales and conglomerates
of Lower Palaeozoic slate and litharenite extraclastis. In interpret—
ing this palaeokarst and conglomeratic infili,as the minor cyole 3 / 4

boundary, Somerville neglected the presence of a fault, parallel to
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the outorop along Trefor, as deploted in fig, 23, that, at Ge. Re SJ
22854333, hides yet another minor cycle present beiween the conglom-
erate-overléin surface and the fourth minor cycle as defined by
Somerville at Tynant (see fig, 23)o The full succession, including
this overlying minor oyoie (egelde 4o ) is exposed at G. R. SJ.22684350,

The minor fault cutting through the exposure at G.R. SJ22854333
believed by Somerville (1977) to indicate penecontemporary movement, is
a small normal fault with a downthrow of ~ lm eastwards, (fig..23).

The laminated shales and conglomerates infilling the deep palaeokarst

(Bge3) surface behaved in an inocompetent manner adjacent to the fault

plane, and do not represent primar& sedimentation angles as interpreted
by Somerville (1977, platey 5.11).

SEDIMENTS BETWEEN 'Eg 3' and 'Eg 4" (Somerville's minor oycle 3)

Somerville (1977) recognised that this was one 6f the most stratig-
raphically variable of his ten cycless ‘'Egla', occurring within
Somerville's third cycle has a thinly devalop;d caloisphere wackestone
underlying it. This MA,l1 phase, however, does not occur south of
Dinbren Uchaf,. On Trefor Rooks, the cyocle is well e;posed at G.R. SJ
22684350, with a palasokarstic surface developed on its top (Eg 4)"

of up to 1m amplitude.  This?correlates northwards to Tynant with a
gently undulose palaeokarstic surface and underlying calcrete phenomena,

SEDIMENTS BETWEEN 'Eg 4' and 'Eg, 5' (Somerville's minor oyoie 4)

Somerville's fourth minor cycle is very distinctive, including the
"thick bed" of Morton.' The transition from dark (bedded) fossilif-
erous grainstones (lithofacies L, 2) to massive pale regressive phase
bioclastics, well exposed at Tynant and southwards (Plate 2, fig. E)
may, however, be a microrelief palasokarst ( < 10cm) (lacking cal-

cretes)s Its tenuous correlation is indicated in fig. 22.
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PLATE 2 Mesothem D5b,

Bron Heulog Quarry, Eglwyseg Formation. Minor cycle
boundaries'Ego 4 to Tgo9lmarkede Note lensing nature of
minor oyole'Eg°5.6; and compare with Plate 2, fig. C,

G« Re SJ 238429

Stylonodular phase at base of Eg 7.8, Bglwyseg Form—
ation, Bron Heulog Quarry. Note vague cm bedding and
darker layers of maroon clay and maroon stained intercal-

ations, Gs Re SJ 239642840

Eglwyseg Formation, Trefor Rockes. Note minor cyocle
boundary 'Eg.6'with form C palaeokarstic relief (chapter 11).
Contemporaneity of pot shown by maroon clay infill locally

exposed, G. R. SJ 227434.
Same feature as C, 100m south of C.

Bedded dark biosparite (lithofacies L.2) Ege 4454,
Tynante. Note outlined coral colonies (L= lithostrotiontidj
S= Syringoporoid) as laterally extensive and fragmented
colonies. Uppermost surface seen in section may be palaeo-
karstic, although relief is < 8ocm, and calorete structures

are absent. G.Re SJ 22044549.

Very thin bedded basal phase of minor cycle, Eg 8.9.,

Eglwyseg Formation, Llwyn Hen Parc, G. R. SJ.222463.

Type section of upper strata of Llynolys Formation,
Llynolys Hill, Porth y Waen, G.R. SJ 272239, Numbers sig—

nify minor oyole boundaries recognised herein.
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3.162.5. SEDIMENTS BETWEEN 'Eg 5'and 'Eg 6! (Somerville's minor cyole 5)

Dominated by a thick maésive‘MA.3 unit("24 foot" bed of Morton, 1879)
this s}nglé cycle is readily ocorrelated from Llwyn Hen Parc to Bron
Heulog. At the southern end of Bron Heulog Quarry (G. R. SJ 24004277 ),
a section exposing the: sequence between oycles 4 and 7 of Somerville
(1977) is well exposed, on the easterly wall of 'Fault 3' of Morton
(1879, plateu4). Surface 'Eg 6' is deeply potted, in places down

to the level of 'Eg 5' and its karstic relief infilled by a sequence
of clast aupportéd polygenetic conglomerates (1noluding much Carbone
iferous material, maroon and ochre shales, and thin (5-10cm)
impersistent carbonate lenses of intraclastié rudstones and conglom-
erates, with scattered well fﬁrmpd ferroan ooliths (Fﬁg. 24b)e.  These
layers also contain in—groith position colonies of chastetids, with
tightly packed columnar growth morphologies (s/m. 2548, £ig24b),
Traced 1aterélli northwards (c.80m) into Bron Heulog Quarry, a O — 5m
lensing pale massive MA.3 horizon of ocycle 'Eg 5. 6', is the lateral
eqﬁiValent of .the karst infill, indicated by the continuity of
overlying strata (see Chart B). The lensing nature of this bed is
readily visible within the quarry (Plate 2 fig. 4 )e On Trefor
Rooks (G.R. SJ 227434 ) the upper surface of this same massive pale
MA,3 unit ('below' 'Eg 6' ) often obsocured by éorae and grass also
shows prominent palﬁeokarstio relief (Chart B), the#a cutting down

to near 'Eg 5' and infilled with maroon shales and extraformational
oonglomerates. The northward extent of this deep relief (< 5m)
palaeckarstic surface is not known, due to poor exposure, although
its irregular upper surface, making contact with grass-covered sorese
extends to Tynant, This surface may provide a Yaluable corfelation

marker with other sequences of oomparable age.(Plate 2, Fig. C & D)

- 7
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SEDIMENTS BETWEEN 'Eg 6' and 'Eg 7' (Somerville's minor oyole 6)

This oycle, as defined by Somerville (1977) is dominated by stylo-
nodular packstones and grainstones, with thin shale intercalae.

(see section 3ele3el),

SEDIMENTS BETWEEN ‘Eg 7'and 'Eg 8' (Somerville's minor cyole 7)

Somerville's cycle 7 does nbf contain any further indicators of
minor oyclio developments within it, although transitions from massive
to stylonodular sediments occur within the'upper phase of the-cyole.
These are not believed significant, as the stylonodular MA.3 lacks
intercalated clay, that is a more Bignifioant tranegreééive indicator,
than the stylonodularity itself. R .

"At Bron Heulog the base of the oyole is represented by a 2m
argillaceous stylonodular phase, whilst its upper 'boundary Eg8'
is palaeockarstioc, of low relief, and with a poorly developed laﬁinated

oaloréte crust at Dinbren Uchaf,

SEDIMENTS BETWEEN 'Eg 8' and 'Eg 9' (Somerville's minor cycle 8)

' Bg.9' 1s & master ﬁeddiné plaﬁe (sensu Sohwarzacher, 1958) with
a pooray developed laminated calorete ocrust, occasionally only‘visible
as tubular oalorete structures (see section 1le3ele3d ), Not all |
sections show palaeokﬁrstic relief, and the flatness, but irregular
calor;tisation of the surface at Tynant and Tan y Graig suggest that
a degree of predepositionai scour occurred on the succeeding trans-
gression.

Bensath this sufface are other olosely spaced emergence
surfaces with palaeockarstioc relief and or oaloretisation rhenomena.

At Bron Heulog, the upper half of Somerville's oycle 7 has
here been placed between 'Eg 8' and 'Eg 9', and theiefore, correlated
as equivalent to Somervilie's ;ycle é at &Ynant. This correlation

is due tb the similarity of the multiple emergence events immediately
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below boundary 'Eg 9't Beneath 'Eg 9' at Bron Heulog are 'Eg Ba!

and 'Eg 8bv', eaéh defiﬁed by a promiAént smooth, slightly ﬁndulose
(5om) bedding plane, underlain by a laminated calorete orust (fig.24a).
These 3 laminated calorete orusts are séparated respectively by 90

and 70cm beds of ﬂA.3 sediments, containing occasional reworked

orust olasts up to 8om long. A 'double' crust (separated by 60om

of MA.3, containing a Chastetes Syringopora biostirome) is also

exﬁosed at a (7) eimilar level at Tan y Graig. This situation is
very similar to that observed in the upper strata of the Eglwyseg
Formation at Minera (see»chart_D),'however, in this latier section,
the crusts are novt assooiated with any other emergence indicators
(no palaeckarstic surfaces, nor lithological trans;tions), and they
are locally removed by pressure solution, Whether or not these

’

units between multiple emergence features represent discrete cycles

" is discussed -in chapter 12,

3.1.209.

SEDIMENTS BETWEEN 'Eg 9' and 'Eg 10' (Somerville's minor cycle 9)

Somerville (1977) recognised an argillaceous styloﬁodular phase 2 to
3m below his fbycle 9/10 boundary. This stylonodular phase, well
exposed at Tynant (G. R. SJ 22424534 ) has a low amplitude palaeckarst

underlying it, (‘B¢ 9a'). This surfaoe‘is laterally equivalent to

a massive MA.3/ stylonodular transition, either unexposed or without

any apparent palaeckarstic relief.

'Eg 10', of uncertain form and position according to Somerville,
(1977) and possibly defined dy a laminated calcrete crusf above
Trefor Rookg (G. R, S722924338 ), is poorly exposed in sections
along the upper orags of Eglwyseg, ooﬁprising a transition {0 thin-
bedded argillaéeous.paokstones. (Somerville's phase B2). | Its
contact with the underlying massive and styionodular MAL3 ié not

exposed.
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30162010 SEDIMENTS ABOVE ‘'Eg 10'. Somerville's minor cycle 10)

Chart B shows probably two further boundaries ('Eg 10a' and 'Eg-10b‘)

above 'Eg 10', recognised by transitions to thin bedded argillaceous

packstones, each defining minor cycles 2 to 6m thick.s Poor exposure

suggests that other oyocle ©boundaries are possibly hidden.

3ele2¢11. GENERAL CORRELATION PROBLEMS.

1)

The Minera succession, according to Somerville,.comprises
Eglwyseg Formation minor cycles 1 — 6, with higher strata
absent. His correlations are tenuous, using visible emergence
phenomena, atylonﬁdular phases, and not, as in the case of

the underlying Tynant Formation the presence of regressive

MA.1 lithologies as cycle upper phase markefs, but which are
present in the Eglwyseg Formation at Minera. Charts B and E
show the Minera sequence as logged herein, ;edognisihg nine
-emafgenoe horizons from palaeokarsts\and calorete laminated
crusts alone. Sutured discontinuity surfaces (section 11e 1 )
represent brief emefgence events , and MA.l suites (éspeoially
fenestrated) represent regressive peritidal phases. Using
their presence to predict cyocle boundaries, in excess of 13
'cyoles'oocur in fhe Miﬁera sequence. (Many of the thinner
MA.l phases, however, disappear beéwaen sections taken 100m
apart). There may be further emergence features still un-

recognised in the more poorly Sxposed parts of the section.

The ocorrelation of particular units with their more south-
erly counterparts is very subjective in this 'condenseq
sequence' at Minera. 1Two prominent palaeokarstic surfaces in

the Minera outorop are tentatively correlated with those on top

, of the fifth and sixth Somerville oyole on Eglwyseg (see fig22 )

———e oy - 8 m mims i o ok e e ———

i.e. 'Eg 6' and Eg.?', but the lack*of distinctive lithologio

. . J L T W, - P - o e PP S
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transitions.ahd faunal horizons renders even this correlation
conjecturale The deeper (form 'C ') palaeokarst features may
span whole cycles of deposition,
" The uppermost oyoles may be absent,
as suggested by Somerville (1979a) reflecting the overall
regression towards the top of Mesothem D5b (Bamsbottom 1977)

as indiocated in the Llynclys Formation at Oswestry{(see on).

The general development of the lower 25m of Eglwyseg Formation
at Minera is markedly different to that within the embayment
"depocentre' Tkm to the south, with & greater proliferation of
' MA.3 sediments of shoaling high energy facies ( Chart .E) -
reflecting its location atop the positive Cyrn y Brain axis,

the principle cause for the attenuated sequence.

2.) 'At Froncysyllte (G. R. SJ26984199 ) iﬁe Eglwyseg Fbrmation is
chronostgatigraphically represented by 4m of strata, resting
above an erosion surface and coarse clast supported conglomerate .
of the top regressive MA.l unit of the Tynant Formation(?) (Fig.40).
N This 4m is also ‘ohronostratigraphioally comparable to
the Ll&nolys Formation. It comprises a single oycle with a .
basal 2m pala'stylonoaular and argillaceous MA,.2 ‘ ) |
phase overlain by & massive MA.3 unit. -
The transition to argillaceous thin bedded.paokstqne/héokestone
of the overlyiné Trefor Formation is apparently a planar
surface, without eviden;e of subaerial emsrgences Whathef the
4m represents the uppermost Eglwyaeé Formation cycle as exposed
at Tynant is ﬁnolaar. The regression associated with the top
of Mesothem I5b (Ramsbottom 1977) suggests that it is unlikely
. to represent the uppefmost cyole, however,(of section 3.2,251.)\
3.1.3. Cyole Form.
| - Somerville (1977) recognised the Eglwyseg Cycles as shoaling
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deposits, with a basal (phase A and B” of Somervilie 1979a ) trans-
gressive unit, and an upper 'shallowing' unit (phase 'C ')terminated
by subasrial emergence, This sequence was likensd 'ba;' St;merville (1977)
to the ocycle model of Ramsbottom (1973), with sedimentation in response
to sea=level fluctuations with a possible eustatic control. Chapter 9
analyses this concept from a microfacies viewpoint. 4

. The 'ideal' cyole), however, as depioted by Somerville (1979a,
fig, 2 ) is very varisble in thickness, The relative thicknesses of
its constituent phases vary between.individual cycles, from those dom-
inated by the massive shoaling (MA.3) deposits’of Somerville's *phase
C*' (eege Cycle 'Eg 5. 6', a8 defined here) to those with thickest
basal ‘transgressiva' phaaes (eegs cycle 'Eg 6, 7') Many of the
lower cycles developed at Minera and within Somerville's first minor
cycle along Eglwyseg contain MA.]1 phases, therefore showing similar—
ities to the Tynant and Whitehaven Formations,

TRANSGRESSIVE PHASES. The basal '{ransgressive phase' is

dominated by either MA.2 sediments or an intimate interlayering of
MA.,3 and olay interoalae, the latter producing the stylonodular
texture referred to as 'A0' by Somerville (1977)

MA.2 (ARGILLACEOUS WAGKESTONE—PAGKSTONE) DOMINATED BASAL PHASES,

Their presence towards cycle bases, close to the 'master bedding
planes' of the cycle boundaries leads to sporadioc, and‘often poor
exposuie. Somerville (1979, fié. 1) grouped thess sedi;ents into a
'phase BY', dividing them on lithologioal make~up’ into thiok-bedded pale

grey poorly fossiliferons micrites (B1)s even bedded, ‘dark grey, highly

- fossiliferous biosparites (B2); thin and wavy bedded dark grey

. wiosparites (B3) . e

Basal phases of dark argillaceous packstones (MA. 2)816 well bedded

. Le 3 (5 to 50cm) with shale partings and ocoasionally underlain by

fossiliferous calcareous shale that may, in turn, rest up on a
palacosd and/ or palseckarst, They. often underlie Somerville's

ofe fige27a . ]



3ele3020

46

B 2 (1ithofacies L,2), Traced both northwards and (Fig. 27)
southwards from the type section at Tynant these phases generally

become thinner or absent on to the Cyrn y Brain and Berwyn axes,

‘A similar relationship between L2& 3 sediments and underlying

tectonic elements is found in the Trefor Formation (see section 5ele4e)e
| ' These' Le.2 aediments.at timeg support a diverse coral assem—

blage, with whole and fragmentary ocolonial and solitary corals

locally accounting for up to 20% of the sediment (e.g. cycle 'Eg 3. 40,

Trefor Rooks, G. R. SJ 22684350 (see section 3¢1e2¢4) and 'Eg 4e 5!

Tynant (G. R. SJ 22044549 ) ) Overlying MA.3 sediments do, however,

support an equally diverse fauna, but not in this exceptional abund-

ance.

STYLONODULAR AND ARGILLACEOUS MA? /MA.3 BASAL PHASES.

Somerville (1977) recognised these sediments as transgressive
deposits overlying emergence surfaces. They are characteristically either
very thin bedded ( 15cm) pale or stained wackestones to grainstones,
with irregular millimetre to om thick grey, green or maroon clay
intercalae, or are ir@égularli:étylonodula;“. In petrographic make-
up they are equivalent to overlying massive MA.3 sediments, although
the presence of the clay has often induced masking neomorphic fabrics
(Longman, 1977)/(869 seotion 9 1. 2), and probably enhanced the
st&lolitisafion process, Noteably present above 'Eg 5', 'Eg 6%,

'Eg 7' and 'Eg 8', these sediments support a similar and as variably
developed coral sponge brachiopod assemblage as overlying massive

phases,Stylonodula; sediments in upper phases lack -shale iﬁtercalatiohs.

UPPER 'REGRESSIVE* PHASES, The junotion between basal L.2 & L.3

and upper massive-bedded - I , ‘1 sediments often grades through
a 'pseudobreccia' motiled zone, with darker irregular # to Som sized

mottles set in & ‘palei.matrix (section 96 2..2 ),

. ¢ .
Plate 2, -fig, F Plate 2y fige B

-

I p—



LATERAL VARIATION IN MINOR CYCLE TRANSGRESSIVE PHASE THICKNESS
( LITHOFACIES L.2+L.3 + L.6 EGLWYSEG FORMATION )

NORTH , (in metres )- : SOUTH
Minera World's End Tan y Graig Llwyn Hen Parc Tynant Dinbren Uchaf -Tan y Castell Bron Heulog
Eg10b | 2 ? <1.5 >0.5 >0.5 - ? ?
Eg10a 0 vo? ? 0.8 ? ? ? ?
Eg10 0 ? ? >T.5 > 2.0 >0.5 ? ?
Eg 9 0 ? 0.5 ? ~2.0 | ? . ? ?
Eg 7 o} ? ? ‘ 6.0 2 tob 2 to 6 ? < 2.0
Eg 4 0 2 to b 2.5 > 2.0 3 to 6 6.0 2.0 0.5
Eg 3 0 <2.0 <2.0 : ? > 3.0 '>3.0 2.0 ~ 0.
Eg 2 0 <4,0 5.0 ~3,0 < 6,0 <740 <6,0 ~ 6.0
Eg 1| 0.5 8.0 4,0 8.0 13.0 <12.0 <12.0 ?

T

Associated underlying reference cycle boundary.

3/t B4
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The massive bedded MA,3 phase comprises homogenous to parallel
and oross laminated grain supported sediments, Detailed logging
shows that pséudobreooia mottling is pervasive through these units,
but is mostly vague, ahd often concentrated in 10 to 30cm ‘beds'.
Smaller irregular mottles locally define vague centimetre lamination.
Slightly darker 5 to 40om layers of matrix free ocoarser grainstones
ocan be traced along good outcrop for 100 s of metres (e.g. cyocle
'EBg. 4. 5', Trefor Rooks) (fig.25 ), and reflect a minor internal
rhythﬁio sedimentation pattern.

Only rarely are MA,)l phases developed as regressive facies
below cycle boundaries, They are especially ocommon within the basal
ocycle ‘'Eg. }.2' along Eglwyseg, and within the cycles below ?'Eg.6'

at Minera.

CYCLE TRENDS. As with the Tynant and Whitehaven Formation,

biococlast compositions of the Eglwyseé Formation sediments are plotted
on the tenary Ce—A-M d?égram (figs.26 2817). The plot of their dist—
ributions shows similar trends to these other formations, but two
prime differences ariset
1) The Eglwyseg Formation has a poorly defined composition
'tail' towards the C end member, due principally to ‘
the relative lack of MA.l lithologies, and masked by '(2)'.
2) There is a greater spread of MA.3 and MA.2 bioclastic
oompogitions than apparent in the other Formations investe

igated, producing a broad central field to the C A M

diagram.

301.40 Palaeont()logyo

’

The Eglwyseg Formation contains a typical Asbian fauna, with

Palaeosmilia murchisoni (Milne Edwards and Haime ), Dibunophyllum
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bourtonense (Garwood and Goodyear), Linoprotonia hemisphaerica

(7. Sowerby), Lithostrotion sp. nov.[ J. R. Nudde in fide],

Lithostrotion sooiale (Phillips) L. decipiens (MoCoy) L. junceum

(Fleming), Daviesiella sp., Gigantoproductus of maximus

Davidsonina septosa (Phillips), a characteristic late Aébian

brachiopod in the north of England and Derbyshire, has not yet been

recorded from North Wales,

Appendix jzz lists the faunas recorded -in the Eglwyseg

Formation from collection and observation in this study.

3.2. LLYNCLYS FORMATION (New Term)
Derivation of names From Llynclys Hill, lkm SW of Llynclys,

G. R. SJ 2723, upon which the type section outorops.

Type localitiest Lower strata of the Llynclys Formations upper

32m of Nant Mawr Quarry, G. R. SJ 252250; upper strata of
the Llynoclys Formation; disused quarry, Llynolys Hill,
G, B, SJ 272239 (Plate 2 fig.F ).

Lithostratigraphic definitioni The base of this formation, and

junction with the top of the underlying Whitehaven Formation

is well exposed in the east face of Nant Mawr Quarry

(G. R, ST 25242500) defined by a prominent "Form A" (chapter 11)
palaeokarst, overlain by a green and black olay, (pglaeosol)
'32m from the quarry top (chart C). The formation comprises
oycles of similar basio form to the Eglwyseg Formation, its
chronostratigraphic counterpart, with basal ?hin bedded maroon
stained MA.2 and MA.3 units overlain by massive or stylonodular
MA.3 phases, Cycle boundaries are defined by either palaeo-
karstic surfaces or litholggiogl transitions, The formation

includes both Morton's (1879) '46 inch bed', '30 feet bed' and
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the overlying "Rubbly Beds" of Viedd et al (1929). There
is no evidence to support A prolonged non-sequence at the
base of the Llynolys Formation, of Asbian / Holkerian,
boundaries in the North of England.

The upper boundary with the Trefor Formation is unexposed,
but is defined as the first transition to the dark argillao-
eous and thin bedded packstones of the Trefor Formation basal
unit, as exposed at the base of Dolgoch, Pant HEir, and Treflach
Quarries (see £ig.30 ). )

Thickness and Distribution.

The sequence is always incompletely exposed. The type
section at Llynclys Hill exposes an upper 1Tm of the formation
only. Around Whitehaven/Llynclys, the Llynclys Formation is
at its maximum development of about 40m., Northward it thins
byYonlap followed by offlap,to zero between Llawnt and Craig y
Rhiw (a distance of 8km) i.e. the lowermost oycle(s) onlap the
Whitehaven Formation and overstep the Berwyns, whilst ﬁpper
cycles of the Llynolys Formation offlap earlier cycles to an
apparenf depocentre near Llynclys.

Stratigraphioc Nomenclatures

The stratigraphic numbering scheme o;nforms to that used
throughout this thesis. All boundaries are suffixed 'lLy' and
numbered in stratigraphically 'younging' order (see seotion

3. 1. 1.)

3,2.1. The Lower Cyoles

' ’
The Llynclys Formation is informally divided into a lower and

upper division along 'Ly 3'.
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3.2.1.1. SUCCESSION BETWEEN 'Ly 1'AND 'Ly 2' = The first minor oycle -

Best exposed in Nan£ Maw£ Qnafry, this oycle is < 5m thick, bounded
at base by a form 'A' palaeckarst (50cm max. relief) with infilling
black and green clayé. Northwards at Craig Sychtyn, this palaeo-‘
karst also has a 50cm relief ., whilst at Craig y Bhiw it is a near
planar form 'D' surface covered by a thin maroon shale parting (see
Chart C).

_ 4 thin basal 40ocm MA.l phase is developed, with fenestral
fabrics and with an overlying S. D. surfacg; possibly comparable to
the thin MA.]l phases pfesent in the transgressive phase of the first
Eglwyseg Formation minor oycle, and indicating a gradual transition
to cycles of Llynclys Formation form from Sychtyn Member cycles.

The succeeding massive and mottled MA.3 unit includes the
40 inch" bed of Wedd et al (1929, p.109), with a stylonodular basal
) phase, succeeded by coarse laminated grainstones towards the top of
its < 33m at Nant Mawr._ At Craig Sychtyn it is represented by 2m of

stylonodular,overlain by 4m of massive,MA.3 sediments, whilst south-

wards in the Whitehaven quarries this horiéon has béen preferentially
dolomitised, masking its original fabric, although the overlying (‘1y 2')
Form B palaeckarst is clearly visible. 'Iy 2',traced northwérds;
becomes a-prominent'Fbrm Atsurfaoe; that aiso défines a prominent

benoh towards the top of Craig y Ehiw (G. R. ST 23852980). At Nant
Mawr 'Ly 2' is developed on a thin <<80om multiple MA.l phass, which‘is
separated by a low relief S. D. surfaoézwith 20cm of MA.B‘grainstones

and an intraformational conglomerate horizon,

3.2.1.2. SUCCESSION BETWEEN 'Ly 2' AND 'Iy. 3', This oycle is dominated

by the '30 feet' be& of Morton (1879). Where its lower horizons are
exposed they comprise 1% to 2m of thin bedded (5 -20cm) maroon stained

MA.3 sediments with maroon shale partings, and a locally well developed

1 Chapter,11
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stylonodular form. At Whitehaven Quarry (G. R.S5J 26452450), 60cm
of MA.l sediments shows that this oycle also retains transgressive-
features. ’

The overlying massive MA.3 ph;se is 6im thick at Nant Mawr,
the only locality where it is fully exﬁosed, although it forms a
soarp all along outcrop to the northern end of Craig y Rhiw Crags
(6o R. 8T 24002995). Its character is similar to the massive MA.3
developments of the Eglwyseg Formation (especially below 'Eg 5' and
'Eg. 6'), with a prominent mottled basal 2m. 'Ly 3' is a transition
to stylonodular sediments with maroon shale intercalas. The surface
is obscured by staining and stylolite weathering in the underlying

sediment.

The Upper Cycles,

SUCCESSION ABOVE 'Ly. 3'. Above 'Ly 3' the general character

of the suoceésion changés hue to0 the presence of maroon stained
stylonodular sediments and thinlbedded basal phgses with maroon shale
intercalae, accounting for about 50% of the sequence. (' The Rubdly
Beds' of Wedd et al. (1929) are exposed along the north épd east
slopes of Llynolys Hill,.and their base at the very top of Nant Mﬁwr
Quarry only. They are probably 25m thick at Llynoclys/Whitehaven but
8 - 10m at the southern end of Craig y Rhiw where they mark a vale

beneath the Trefor Formation escarpment (G. R, SJ. 236295). This

.northwards thinning may be accounted for by a persistent off-lap of

these upper cyoles, off the Berwyn Axis,..

Precise oycle boundaries in these strata are not well defined.
There is a lack of prominent palaeokarstioc relief,‘and upper sediments
of underlying cycles are maroon stained with hasmatite along stylolites,
therefore appearing to grade into the stylonodular-hasmatitic argill—

aceous basal phase of the above cycle ( .Plafe 2, rigG 3
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Chart D.) These upper cycles are < 6m thick, (most about 4m) and

‘at least T are present, but more may be obscured due to lack of

oontinuity between seotions at Llynclys and Nant Mawr. The base of

oycle 'ly 8. 9' (Chart C) has a Gigantoproductus cf maximus shell

bed, succeeded by 2m of nodular oaloareous shales and maroon stained

thin bedded MA.3 lithologies,

Comparisons of lLlynolys Formation Lithostratigraphy.

Morton (1879 p.109) correlated his equivalent of the upper
cyoles éf the Eglwyseg Formation with the Llynolys Formation, due to
both their equivalent positions beneath the Trefor Formation (Upper
Grey Limestone) and their lithological similarities. Wedd et al
(1929) correlated the Llynclys Formation equivalent with the whole
Eglwyseg Formation equivalent, as followsd here (fig, 1).,

Fig2Tb depicts a composite sequence Llynoclys Formation cycle.
The Llynclys Formation basal oycles lack the thick basal thin bedded
_MA.Z/HA.3 transgressive phases common in the lower cycles of the
Eglwyéeg Formation. However, as shown in section 3.'1. 3, these
basal phases of the Eglwyseg Formation cycles vary considerably
within the confines of the Llangollen embayment, in general thinning
away from the embayment oeqﬁre. The absence of thick MA.2 basal

phases in the Llynclys Formation does not preclude the oontemporaneiiy
with either the higher or lower Eglwyseg Formation cycles.

Morton (1879) believed that the "Thick Bed" ('Eg. 4. 5') of
Llangollen was the lateral equivalent of the "30 feet bed" ('ly 2. 3').
This is a very probable correlation due to the prominence (7and
probable great lateral extension) of the ‘Eg. 4. 5' oycle. This
correlation would, however, imply that 'Eg. 1' to 'Eg. 4' are repres-—

-

ented by'ly. 1. 2! and its bounding palaeokarsts.
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3.2.4, Llynclys Formation Biostratigraphy.

The degres and quality of present exposure neither facilitate
faunal observations nor colleotion. Wedd et. al (1929) noted

the presence of Palaeosmilia murchisoni, and appendix:ijz lists the

fossils identified in this study. It’has é typically Asbian suite

including Dibunophyllum bourtonensé, but there is insuffioient

evidence available to determine whiéh oycles of the Llynclys Form-
ation are biostratiéraphically equivalent to'upper or lower parts
of the Eglwyseg Formation. | -

The presence of ? Lonsdaleia sp (Wedd et al. 1929, p.95) in
the Llynolys Formation has not been corroborated here, but it was on
the presence of these problematic specimens that they (op. cit)
placed the upper part of the Llynolys Formation in the 'Dz'(Brigantian).
From the presence of typical Asbian elements, and the lack of a dist—
inctive Brigantian fauna, the Llynclys Formation is here ;onsidered

to be wholly U. Asbian and within the Mesothem D5b (Ramsbottom, 1977),
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4o STRATIGRAPEY AND CYCLE FORM OF THE TREFOR

FORMATION,

Somerville (1977) proposed the term 'Trefor limestone
Formation' to encompass the 'Upper Grey limestons' of Morton (1879)
and oonsidered it the lateral equivaient of the 'Cefn Mawr lime=-
stone Formation' (Somerville, 1979C) of the Vals of Clwyde
Somerville did not, however, extend his minor cyocle stratigraphic
scheme into the Trefor (Limestons) Formation. He erected the
type locality at Trefor Rocks (Ge Re ST 23054335 - 23204360)f
defining its lower boundary with the underlying ‘! Eglwyseg(Lime-
stone) Formation' (at the base of the prominent ﬁppermost socarp
feature above Trefor Rocks) at the first appearance of thin-bedded
black argillaceous wackeétonas and shales, and its upper limit
marked by a oross—~bedded sandy oolitic grainstone (G. R. ST 24054295),
the basal unit of the Sandy Passage 'Beds (Somervilie, 1977) (Morton's
(1879) Sandy limestone) )e It is at its maximum of about 70m
thick a£ the type section but thins southwards to~25m in the
vicinity of Whitehaven (Dolgoch y Plate 3,fig.B)

The formation is unique in this study in its continuous
lateral extent from Minera, southwards to Liynolys; a distance of
about 30km, The lateral persistence of facies across the Berwyn
Hills made erection of an equivalent Oswesiry area formation
unnecessary. The uppermost beds of this formation are also exposed
at fhe Hafod y Calch Inlier, Corwen, 12km ﬁest of Llangollen
(G. R. ST 053430 ) ' Chart D is a compilation of stratigraphic
logs, abridged as a oorrelation guide.in fige. 30,

Wedd et al (1929)believed the Upper Grey Limestone (equivalept
to ‘Trefor Formation) to be betwsen 200 and 350 feet thick in the

‘Plate 3 fig, A,
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Oswestry area and 300 to 800 feet thick between Llangollen and

the Vale of Clwyd (although Morton (1879) published thickness

figures similar to those presented in this work}' The data presented
here, based on a correlation scheme not previously developed shows
that Wedd et al (1927) made a significant overestimate, probably
induced by poor definition of outorop pattern and the presence of

repetitious faulting, especially in the Oswestry area.
In this stratigraphic scheme I propose a redefinition of the upper

boundary of the Trefor Formation from evidence of minor cycle form
and correlation .
4e1e STRATIGRAPHY OF THE TREFOR FORMATION
Stratigraphic horizons conform to the numbering soheme on

fige 30 .- Cyole boundaries are numbered with the prefix "Tf,.".

4 o1lele lower Cyoles of the Trefor Formation.

The Trefor Formation is informally divided at boundary Tf.3
into a sequence of lower and upper cycles to facilitate their

description.

4 +1.1.1. SEDIMENTS BETWEEN BOUNDARIES Tfl and Tf2. Above the
uppermost Eglwyseg Formation oyocle along Eglwyseg, a prominent
scarp and talus slope represents the basal 10 t6'20m of the Trefor
Formation, thinning northwards from Trefor. The upper bart of
this is exposed at the southern end of Trefor Rooks (G. R. SJ,
230433 ), dbut is more fully exposed in the éequence of Quarries
extending southwards from Plas Ifa (G. R. SJ. 246424 ) .
(see fige 30).

These sediments are black ito dark grey, thin and wavy bedded

(5 to 500m) argillaceous packstone/iabkestones, with interbedded

shales and shale partings. They ocontain a diverse coral-brachiopod
assemblage, inCluding Diphyphyllum furcatum, Iithrostrotion

irregulare, L. panoiradiale,_Lgfmaccoyanumz.Lonsdaleia floriformis,
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Siphonophyllia sp;, Aulophyllum fungites, Dibunophyllum bipartitum,

Syringopora eppe., Gigantoproductus spp., Productus (Dictyoclostus)

sppe., and Brachythyris sp.. The microfauna noteably includes

Saccamminopsis sp., Tetrataxis conica,Valvulinella sp.‘and

Loeblichia 8pee This assemblage is typically Brigantiane.

Chert nodules are poorly developed, more often represented
by thin silicified outer coatings of bioclasts, or as < 10om
diameter 'honeycombe' nodules, where silicification has ieen only

partiale.

Small biohermal growths dominated by lithostrotiontids
(see section 10, 4. ) occur within the sequence at Trefor Rocks'
(G. R. SJ23054335 ) and Pant Hir (G. R. SJ23772790 )¢ On Trefor
Rocks, marking the upper boundary of this unit, is a small scale
only‘locally recognised angular unconformity (Plate 3 fig. C )y
with angular discordance < 5°. Underlying strata are slightly
folded, although the unconformity is planar, without any apparent
palaeokarstic relief or calcrete siructures, Overlying this surface
is a 0 to 60cm bed of medium gréy bioclastic packstones, with a
thin venﬁer of bloclastio laminated grainstone, capped by the
‘smooth' surface Tf la. At G. B. SJ2294344 (Trefor Rocks) this
bed has & local ?channelised primary relief, (fig. 31) and is
absent southwards from Trefor. Whether this bed represents the
upper phase of a minor oyolé is unclear. |

Tf;la is overlain by 80 to 180cm of thin bedded packstones,
containing a high diversity ooral biostrome (section 10. 4o );

including Palaeosmilia regia. Greater than 30% of the colonies

are ceriold Lithostrotion maocoyanum; This biostrome can be

traced over the 20km from Trefor to Dolgoch (fig.30 ). At Trefor

Quarries the junoction between this and the overlying massive phase
+

Plate 18, Fig. G
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is the site of 2om deep vertical burrowing (s/m 220).

The lowest extensive development of MA.3 phase sediments,
marking the upper phase of the first fully developed Trefor
Formation minor cyocle comprises~lm of massive pale Coelosporella
grainstone /packstones. The upper surface (Tf2) is similar to
Tfla, beihg, smooth, and slightly undulose., One coral colony
planed off where embedded in the bed's upper surface(G. R. SJ23324329 ),
indicates that lithification ocourred prior to erosive scouring,
The bedtop lacks itrue palasokarstic form, and does not have any
associated calcrete structures, This massive phase qontains
inoipient bioherms (section 10, 4 ) and locally grades to a more
mioritic texture in its upper 10cm, Tf 2 is8 not apparent at
Froncysyllte, and is represented by a rarely apparent cycle bound-—
ary of 7palaeockarst southwards to Dolgoch. At Treflach Quarry,

a 2m MA.1 phase underlies 'Tf.2'.

4 olele2e SEDIMENTS BETWEEN BOUNDARIES Tf2 and Tf3. At Trefor Rocks

a 2m thick oyole overlies Tf2, comprising a mottled ('pseudobreco-
iated') lower biostromal phase (similar assemblage to sediments
below Tf2) (20cm) overlain by a pale massive MA.3 phase (160cm),
‘with a thin impersistent MA.l capping. Tf3 is an é.D. surfacet
This cycle is readily correlated along outcrope. At Fronocysyllte
(Pen y Graig, Ge. R. SJ26664061 ) the massive MA.3 phase is oross-
bedded, but throughout the Oswestry area, remains homogenous
Coelosporella packstones and grainstones, with variably developed
laminated pelloidal horizons, (fige32 )e Tf 3 in the Oswestiry
embayment is either a 'Form A or D' palaeokarst, and at Llawnt is

underlain by a thin (5cm) laminated calorete crust.

T section 1141
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PLATE 3. Mesothem Dba,

Type section of Trefor Formation, Trefor Rocks,
' Ge Re SJ 233432, Minor oyole boundaries numbered,
Dolgoch Quarry( Nut trees Bank) G. R. ST 277247,

Trefor Formation. ©Note thiokness of each minor cyole

cofe fige A+ Note irregular 'loaded' nature of bed

base within Tf. 6. 70
Minor angular unconformity within basal trans—
gressive phase of Trefor Formation, on Trefor Roocks,.

G. Re. SJ 23054335,

Gigantoproductus sp biostrome at Minera, G. R. SJ

25275181

Incipient pseudonodule structure and injeotion

'diapir; Tfo4.5., Trefor Rocks type seotion G.R.5J23384328

Tf. 6o Toy Minera, with well exposed ‘'loaded' horizon
at same stratigraphic level -as loaded horizon of Plate2,
?ig. Be Tf£. 6 is palasokarstic, with underlying tubular
calorete structures and a thin laminated orust in

G Re ST 25955174
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DEPOSITIONAL HISTORY OF LOWER CYCLES., The thickness of

the sediment 'packet' below Tf 2 is variable in response to the
underlyigg Oaledonidé‘teotonic elements, thinning over both the
Berwyn and Cyrn y Brain axes. This is a continuation of the same
trends in underlying Asbian strata. This thinning ocours partly
by onlap of successive beds, and overstep of Asbian (and L., Palaso-
zoic) sediments,

The presence of an early Brigantian unconformity indicates
that local tectonic influences were active. Walkden (1977)
described an 7angular unconformity in eariy Brigantian strata from
the Derbyshire Bloocks. Further evidence of widespread earth move-
ments during the latter part of thé Asbian and early Brigantian
comes from the Craven Basin. Hudson and Mitohell (1937) postulated

three unconformities (B P, ~P B a—Elb) within the

2F1ad FroF2at B
Bowland Shale Group. The former of these three is of a comparable
age to the Tf 1 horizon (early Brigantian).

Sediments overlying the angular unconformity at Trefor
Rocks,traced southwards, show 1lititle evidence of thickness variat—
ions over tectoﬁio features and reflect a return to the shoaling
oyocle forms of the Asbian style., A change of available ocomponents
(especially algal) and increased quantities of argillaceous

materials (or, less likely reduced sedimentation rates) modifies

the sediment miorofacies with respect to their Asbian equivalents.

Upper oycles of the Trefor Formation.

SEDIMENTS BETWEEN 'Tf 3' AND 'Tf 4! At Trefor Rocks, and

southwards these sediments comprise one whole oycle, varying from
zim t0 zero. It appearéfto be absent at Fronoysyllte Pant Hir and

Treflach. Towards the base a 50cm shale horizon is developed at

1'(acoording to the correlation presented herein)
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Trefor Rocks, with thin nodular miorosparite bands, succeeded by
a thin-bedded MA.2 phase and a massive MA,.3 bioclastio'grainstone
phgéeo An impersistent MA.1 phase caps the cycle at Trefor, but
is absent elsewhere.

The surface 'Tf4'undulates irregularly with a low amplitude
( <15cm), but overlying wavy-bedded argillaceous yackestone/back—
stones have similar relief, Its association with MA.1l and MA.3
miocrofacies is the only readily distinguishing 7?palaeckarstic
criterion. ’

Nbrthwaids from Trefor correlation of this o&ole is tentative.
It may be laterally equivalent to 1m of laterally 1mpersistént |

crinoidal rudstone at Minefa.

SEDIMENTS BETWEEN 'Tf 4' AND 'Tf K°, Representing one cycle,

this sediment packet is thickest along Trefor Rocks (1lm), and thins
southwards to 2m at Dolgoch. A shale bed, the thickest exposed

at Trefor Rocks (lm) is persistent across outorop, towards the

cycle base, containing microspar nodulés, many enveloping uncrushed
fasciculate lithostrotiontid colonies that indicate nodule form-
ation was prior to clay compaction, This is succeeded by a sequence
of thin wavy bedded (5 to 20om) and more massive bedded argillaceous
wackestones that thin from 8m at Trefor Rocks to zero southwards.
Many of the bedding planes in this unit have a bizarre morphology,
probably as a result of pre-lithification loading and dewatering

(see on), producing incipient pseudonodules (Plate 3 fig. E ).

The unit contains laterally impersistent faéciculate listhostrotiontid
dominated biostromes (especially L. junceum, and loscally supports

Gigantoproduotus/bigantella/Semiplanus shellbeds (especially well

developed at Minera (Plate 3 fige D) ).
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The uppermost MA.3 dominated phase of this oycle is variable

from homogeneous Coelosporella gralnstone—packstones to laminated

and mottled Coelosporella-peloid wackestone—grainstones. A

Gigantella shell bed characterises its upper surface between Pant

Hir and Dolgoch. 'Tf5' is a smooth to undulose ‘'palaesckarst form

-D', lacking calorete phenomena. (See Chapter 1l.)

SEDIMENTS BETWEEN 'Tf 5' AND 'Tf 6° * fThis cycle is dominated

by ‘a thick upper MA.3 and MA.1 unit. At Trefor and Garth Obry

(G. R. ST 258380) the oycle base is marked by a thin 100to 30cm .

MA.2 phase, grading through a mottled zone into massive bedded MA.3

40102.4.

sediments. This basal phase, betwsen Llawnt and Pant Hir has a

fasciculate lithostrotiontid ‘dominated biostrome (L. irregulare,

L. pauciradiale, L. junceum, _L_._jcmaocoyanum (fig. 30.) ) whilst

within the upper MA.l dominated unit at Trefor Semiplanus dominated

brachiopod assemblages and a Cha,etetesJ Syringopora association are

present, Within this MA.1 phase, at both Garth Obry and Trefor

. 1
.a prominent palaeokarst ( < 50cm relief, Form A) is developed with

an impersistently preserved laminated crust. As with many ‘cyole'
boundaries in the underlying Asbian, multiple boundaries refleoct
minor scale 'cyolio events. This cycle is apparently absent at Minera.

SEDIMENTS BETWEEN 'Tf 6' AND '"f 7 . . The base of this oycle

comprises20om->5m of interbedded shales and thin bedded MA.2, with

a Gigantella-Semiplanus brachiopod assemblage at Dolgooch. A4 prominent
‘convolute' surface ocours in this basal'pﬁase, traceable at the
same shale/limestone.lithologioal transition, alofxg outorop from
Minera to Dolgoch (30km), Large incipient (not totally detatched)
pseudonodules up to 50cm diamete; (Plate‘3, fig. B&F) penetrate the

underlying shale, No lamination struoture is visible in the lime-

S |
Cha.}:;ter. 11  Fig. 31a
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stone, although shale laminae do only, in part, cirocumscride ﬁhe
"nodules', more through compaction, rather than original disruption(?).
| The thin (? < lm) MA.3 phase, overlying this load-bedded

unit is only exposed at Trefor Rocks, Llawnt and Dolgosch, and is

capped by a variable < 2m MA.l development that’form.the top of many
natu;al exposures from Minera to Dolgoch. At Trefor Rocks the regress=
ive phase of tﬁis oycle recérds two emergence events, separated by 80cm
of MA.1.5. These two surfaces presumably converge southwards. At
Dolgoch 'Tf,T' is a palasokarst of'Form D' without any calcrete

structures associated.

© e vepe cmea— -— bt et e e - :

of this minor cycle is a oonspicuous three- five metre shale,
correlated by MQrton (1879) as approximately equivalent to the Coral |
Bed at the top of the Upper Grey lLimestone at Llangollen,

The presence of an overlying MA,3 gnd MA,1 unit at Llawnt,

Craignant, and Bron y Garth, and not the sandy carbonate facies

above Morton's Coral Bed at Trefor, suggests this correlation of
Morton's is invalid.
Beneath Tf.8 at Trefor Rocks is a wsll-developed 23m MA.1 unit.

This makes a low scarp traceable northwards to Llwyn Hen Parc.. An

‘underlying veil may represent the thick shale level.

Tf.8 is only exposed at Trefor Rocks (G.R. SJ 2353 4360), there

notably with a 2cm laminated crust immediately underlying.

e w  wem = wme e e -
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SEDIMENTS _ABOVE T£,8 (SANDY. PASSAGE FORM'N) Sediments above

'Tf, 8' are poorly exposed along outcrop. At Trefor and north-
wards a prominent scarp’above,'TroB‘ marks the position of Morton's
(1879, p.38) ooral bede The top 8m of this scarp are exposed in

a series of quarries' at Eglwyseg Plantation (G. R. sJ 227440 )

-

. - -
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and as minor outcrops.aloﬂé the abarp between Tynant and Llwyn Hén
Parc Ravines ,4oomprieing thin-bedded argillaceous packstones(Lo 3)
(MA.2) and containing the most prolific and diverse coral-=brachiopod
fauna recovered from any one Trefor Formation §ycle. Small coral
biohermal developments also oocur within (seotion 10 4¢ ), Signi ~

ficant elements includes Palaesosmilia regiaj Lonsdaleia duplicataj

* Lonsdaleia floriformis floriformis (small form of Smith (1915)

,Clisiophylium 8DPp} Dibungphyllﬁm bipartitum subsppe. $ Corwénia

rugosaj Lithostrotion edmondsi and Syringopora catenata. The full

diversity is given in appendix 1V. This unit correlates ('?)
‘with 'minor oyole 7' of Somerville (1979¢) from the Cefn Mawr

Iimestone of the Mold area. o
(wedd et al. (1929, p. 99-100) recorded a lonsdaleia duplicata

coral fauna from sediments a?few metres above Tf.8 in the Oswestry
area, suggesting that Morton's Coral Bed extends southwards a

considerable distance. They (op. cit.) inclidded this, however,
within their Sandy Limestone )

Overlying the MA.Z phase is a massi;;;bedded unit of ooarse

grainstones and rudstones, with coarse sand and pebble grade

quartz litboolasts. This was taken by Morton (1879) as the base
of the 'Sandy limestone's, Somerville (1979a, P.337) defined the
top of the Trefor Limsstone as marked by the appearance of a cross—
bedded sandy oosparite unit developed above the coral bed. At

G. R. SJ 23034373,2-4m of cross-laminated and massive oolitic and

quartzose grainstones underlie the crossdbedded unit of Somerville.

e S R TN ar mm e e - - - .-

This 2-~4m of arenaceecus carbonates is here included within the
Sandy Passage Formation,

It is at this equivalent level across the study area (? and at
Corwen, 12km west) that the arsnaceous developments commencee

Significantly, these carbonate—clastic units Tepresent the regressive
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phases of minor cycles., Therefore the Trefor Formation boundary,
as deplctéd by Somerville lies within a mbnor cycle. Unfortunately,
exposure is too poor along outorop to elucidate the Sandy Passage
Formation minor cycle stratigraphy, although the scattered exposure

suggests that carbonate-clastics are characteristic throughout, This

cycle form is more comparable to the Yoredale oyclic clastic-carbonate
facies of North Yorkshire, both in age (Upper Brigantian)?iand form,

To place significance on the Trefor Formation/.Sandy Passage Formation
boundary, I propose that it 3 is placed at a minor ocycle boundéry,
between cycles of different character. The Trefor Formation upper
boundary is therefore placed along Tf.8 in this studjt conforming to

the Upper Grey Limestone / Sandy Passage Bed boundary of Wedd et a1(1929).

Penecontemporary Tectonic Soft Sediment Deformation.

The lateral persistence of loaded surface morphologies is
significant. Most other shale/limestone contacts are either planar,
wavy (conforming to the bed morphology of the thin bedded MA.2
phase), or only slightly loaded (relief < 15cm) (cf fig 3lq);

Coulter and Migliaccio (1966) noted that 'soils' suffer loss

of bearing capacity when subject to seismic shdcko The result is

" an inorease in pore water pressure, and liquifaction.

sims (1975) described deformational structures in lake silts.
resulting from earthquake shocks.. The principle struscture observed
in his study was an incipient pseudonodule. FHe (opocite,p.146-147)
correlated five zones of deformed strata over 100km2° ' These
structures are, however, small scale, and best develoﬁad in matrix-
frée sands and silts.

The dark argillaceous packsionss and wackestones of the
Trefor Formation do not present as readily a fluidised sediment,
although Lowe (1975, p.175) noted that "unlithified clays and muds

and cohesionless sedimenis rendered quick by rapid seepage,.liqui-

—— [— e ey s ST
e

t Type sectlon redefined as G.R.SJ 23054335 - 23534360 ;
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faction or fluidisation,flow readily if sheared...tproducing ]ooo

soft-sediment intrusions".

There is no evidence of a palaeosioﬁe ig the « Trefor Formation
succession along the Minera=-Dolgoch outcrop that may have induced
soft sediment flowage. The 'load' morphologies and distribution
do not suggest horizontal movement (e.g. there are no observed
recumbent folds cf. Allen and Banks, 1972).

The lateral extent of theseBrigantian 'loaded' horizonsand
the implication that tectonic movements were occurring due to both
the overall tectonically influenced sedimentation pattern, and
presence of internal unconformities suggests that fluidisation was

induced by seismic activitye.

Dopositional History of the upper cycles of the Trefor Formatione.

The thinning of strata over structurally ' positive' ‘base-
ments' as occurred in sediments below Tf la is less noticeable in
higher stratas Most prominent is a general thinning southwards
from the Trefor area (central to the Llangollen embayment) to
Dolgoche This thinning is not however, primarily associated with
oycle offlap, but by thinning of individual cyocles, and primarily
4he reduction in thickness of basal MA,O0 and MA.,2 phases, Cycle
'Tfo 3/h ' is exceptional in being unrepresented at cer£a{n localities.

The uniformity’ofcyc];s upper phases across the region is
striking (e.g. figo 32) although this is in part controlled by the
overall depositional setiting of the outcrop pattern being~parallel
to depositional strike.

The thiok unit of thin bedded argillaceous sediments above
'Tf. @'placed here as the basal unit of the Sandy Passage Formation,

may represent the first cyole within the Mesothem Déb. of
Ramsbottom (1977)s due to the thick nature of its transgressive phase

with respect to immediately underlying minor oycles.
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CYCLE FORM., (Refer to Fig, 33)
Cycles of the Trefor Formation have similarities with both

the Tynant / Sychtyn oycles and those of the Eglwyseg Formations.

"They represent a shoaling sequence of facies, In most cyocles

basal thin-bedded. MA.2 (Iithofacies L.3)<bminata, .accounting for
about 70% of the measured section at Trefor . Litho}acies L. 3
fall into two bedtypes: tﬁose wavy and thin bedded separated by
thin shale partings, and those thin-bedded but separated by small
irregular stylolites., These two bed-types are interstratified,
and in oycle 'Tf 4,5' (e.g. Hafod, Minera and Trefor, see chart D)
they are 'oyclically' repeated as bed-cets. J
The most extensive and fossiliferous coral-brachiopod

biostromes occur within these sediments.

Paler, massive bedded MA.3 phases account for about 10% of
the Trefor succession, but greater than 20% at Dolgoche They often

have ‘pseudobreccia' mottled bases and are Coelosporella and peloidal

grainstones and packstones. With inoreasing silt{ and mud grade
matrix this phase grades into a variably developed MA.l phase, of
characteristic calcisphere wackestones,

These MA.1 sediments lack the petrographic variation of
their Asbian counterparts, and few have been obse;ved with fenegtral
fabrics, early cements or penecontemporary dolomites, although S.D,
surfaces attest to their early lithification and both calorete
phenomena and palaeockarsis of ' Forms A and D' attest to their

subaerial emergence ,(see chapters 10 and 11).

PALAEONTOLOGY .

The presence of a Lonsdaleoid coral fauna, along with such

forms as lithostrotion decipiens .. Lo+ pauciradiale,
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Palasosmilia regiaj Aulophyllum fungites and Lonsdaleia floriformis

is diagnostic of the Brigantian. The

The lowermost minor oycle of the Sandy Passage Formation,
lconformable with underlying Trefor Formation, contains a diverse
and characteristic mid Brigantian assemblage, including such forms

as Orionastraea tuberosa; Corwenia rugosa and . Nemistium

edmondsi. (see Appendix V. ).
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56 COMPARISON WITH ASBIAN OF THE ASKRIGG AND
' RAVENSTONEDALE AREAS

The northern margin of the Craven Basin (fig. 3 ) is defined
by the Craven Fault Belts North of this active tectonic hinge,
during the Lower Carboniferous, the positive *'Askrigg Block!
periodically provided a shaliow shelf environment for carbonate
deposition.

It is the presence of late Asbian deposits ascribable to
Mesothem D5b (Kingsdale Iimestons) that makes this area important

for comparison of palasoenvironments with North Wales, especially

- as it may be considered a tectonic unit isolated from St. George's

5010

Land. The Kingsdale limestone sequence, therefore, provides an
ideal comparative for study of the minor cycle character on the
two shelf areas, in order to assess the eustatic component in
minor cycle formation.

To the Norfh of the Askrigg Block, the east — west trending
Ravenstonedale —~ Stainmore 'Trough' (fig. 3 ) was transgressed by
qarly Asbian seas of Mesothem D5a, which deposited the Potts Bgok
Limestone, This area is also palaeogeographically and tectonlo-
ally separated from Norih Wales and, therefore, is an ideal com—

parative early Asbian sequence,

THE POTTS BECK LIMESTONE (Mesothem D5a).

This formation was erected by George et al (1976) to encom-
pass early Asblan sediments of the Ravensionedale / Stainmore
trough, underlying the ppper Asbian Knip; Scar Limestone, and over—
lying the Holkerian Ashfell Limestons.
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This Formation is best exposed beneath the Upper Asbian

Knipe Scar Limestone in the valley of the River Cleugh, G.R

'SD 694916 to SD 696913 o Limited to the confines of the

Ravenstonedale / Stainmore Trough, and Mesothem D5a, it is
supposedly represented by a major no;—sequenoe (Ramsbottom (1974)
above the Porcellanous Limestone (and top of the Holkerian) of

the Askrigg Block and by a non-sequence northwards along the ‘west—

ern margin of the Alston and Cumbria successions (George et al 1976).

Iithostratigraphy

The Potts Beck Limestone comprises a thick sequence (113m
logged, but this may include some Holkerian Ashfell limestone o
wards the base ) of argiilaoeous and thin bedded biosparites and
biomicrites,(Lithofacies L.2 and L.B)alternating with porcellanous
micrites @f Lithofacies L.,S). interbedded in a cyclic manner similar
to the Tynant Formation (fig. 10). Within the middle of the logged
succession is a 38m thick development of Lithofacies L.3., . lentiocul-
ar cherts are common throughout this sequence. ﬂ

MA.3 sediments tend to be lighter in colour than the dark

grey or black argillaceous MA.2 and MA.l.

Cyocle tops, marking regression / transgression boundaries are

either planar surfaces or 'sutured discontinuity surfaces' (ggggg g
chapter 11) ("burrowed bardgrounds® of Ramsbottom, 1974, Pe59 ).

At least 20 minor oycles (individually > 1m thick) have been
recognised within the logged section (fig. 34 ).

The Knipe Scar / Potts Beck Limeétone transition was not
apparently a non-sequence but comprises 15m of lithofacies L.2 with
4 thin ( < 50cm) beds of porcellanous micrites, underlain by 4 minor

cycles with prominent regressive phases, This transition is rem=-
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iniscent of the Tynant / Eglwyseg Formation boundary in the
vioinity of Tynant, guggesting the upper ioundary of the Messothem
D5a, and top of the Potis Beck Limestone is at the top of the 4
minor oycle regressive phase (£ige. 34 ). Noteably Daviesiella

llangollensis ocours immediately overlying this horizon, as in

the basal Eg.l.2 Eglwyseg Formation minor oycle at Llangollen,

Cyole Form,
Most of the cycles are 3 to 10m thick, with basal argill-

aceous and thin bedded Iithofacks L.3 (MA.2) overlain by variably
developed 20 — 100cm bedded Lith.ofa.cies L.2 (MA.3), with thin
porcellanous micrites (L.5) (MA.1) upper phases, Fig.35 shows a
detailed component log across a cycle from the lower paft of the
sequence (position marked on fig. 34). Compositionally, the
sediments follow parallel trends observed in the Tynant Formation
(section 241,61 ) and plot in a similar position on the C—A-X
tenary diagram (section 2. 1le¢ 2 j fig. 36), to the Tynant Formation
sediments,

No palaeokarsts ocour within the succession, Cycle trans—
itions are either planar (?7erosion) surfaces or sutured discontin-

uity surfaces (section 1l.1.).

Significance of the Potis Beck lLimestone

The River Cleugh succession of the Potts Beck Limestone,in
showing similarity to the Tynant Formation, indicates that this
cycle form has a more éosmOpolitan uniformity.

The Ravenstonedale *Trough!' was apparently subsiding relative
to the surrounding positive regions of Alston, Askrigg and the Lake
District.
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The lack of palaeckarsts, and rareiiy of both fenestral
fabrics and sutured discontinuity surfaces suggests that, like
the Tynant Formation, periods of subaerial emergence were limited
in duration (and extent), Many of the regression / transgression
boundaries are planar surfaces and may be subtidal in origin,

The lack of subaerial emergence, and the major development
of subtidal (and transgressive) phase sediments within the mid
part of the sequence suggests that subsidence played a more dominant

role in the sedimentational history of the Ravenstonedale area than

the Llangollen region.

THE KINGSDALE LIMESTONE (Mesothem D5b)
The Kingsdale limestone represents the upper Asbian on the
iskrigg Block. Northwards, strata equivalent to upper beds of
the Kingsdale Limestone are differentiated as Yoredale ‘cyclothems,’
Its base is marked by the 'Porcellanous Bed'! « an impersist—

ent regressive phase caloisphere wackestone - marking the top of

- the Holkerian. The early Asbian Potts Beck limestone of Raven—

stonedale is apparently absent on the Askrigg Block.

Exposed upon Twistleton Scars,the "Porcellanous Bed" is a
multiple unit, with at least 3 thin'oycles' represented by fegress-
ive phase calcisphere wackestones, The underlying Horton Lime-
stone rests with angular unconformity upon the basement Ingletonian,

On Twistleton Scars, the Kingsdale Limestone is about 75m
thick (104m beneath Wernside according to Waltham, 1971) but in
Meal Bank Quarry, Ingleton (G.R. SD 699737 ) 4km south, and
between the Middle and North Craven Faults, the lower boundary of

the Kingsdale Limestone is uncertain due to the absence of the
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Porcellanous Bed, although Garwood and Goodyear (1924) estimated
its equivalent chronostratigraphic position 20m above the base

of the Meal Bank succession (from the presence of lithostrotion

minus ).

The Kingsdale Limestone comprises cycles (first recognised
by Schwarzacher, 1958 by bedding plane distributions) of carbonate
deposition and subaerial emergence, with associated calcretisation
and karstification. The Neal Bank succession comprises at least
seven such emergence horizons, inoluding the lowest, well document-
ed palaeckarst with infilling clay and coal.. |

The emergence events are analogous to those of the Eglwyseg
Formation (of equivalent age, at least in part). The deeper
ralaeckarst reliefs lack calcrete phenomena, whilst most karsts
(of fofm 'A', section 11.2.1.]) have tubular calcrete structures
underlying. Only one surface was observed with a laminated crust
poorly preserved on high points of the surface (Chart B).

The lithological variability of these cycles, unlike many
of the Upper Asbian of Llangollen, is less marked.

Basal phases of these Kingsdale limestone cycles are eitﬁer
'pssudobreccia’ motiled massive or stylolite-bedded Lithofacies L.l.
or stylonodular and argillaceous lithofacies L.4. The thin bedded
Lithofacies L.2 and‘L.3 transgressive phases of Eglwyseg Formation
cyclesare lackings The 'cyoclicity' retains the moré homogeneous
character of the Eglwyseg Formation as developed on the positive

'axis' of the Cyrn y Brain.

Implications.

The Askrigg Block was (and to a limited extent, still is)

a positive area during Lower Carboniferous deposition, with respect
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to the surrounding ‘'basin' or 'trough' situations. The Ingleton suce
cession is situated on the tectonically active (?) southern margin
of this block, assocciated with the Craven Fault system,

The lack of basal argillaceous transgressive phases to the
Kingsdale iimestone minor cycles suggest that the earliest effects

of the transgressive seas were not apparent on the shelf, or that

‘subsidence effects were not marked enough to cause the transgression

to exceed the depth to 'tair—weather' wave base.(see Pe140).

The Askrigg succession was initially investigated to see
whether there was any possibility of cycle correlation across the
Craven Basin to other 'positive' regions during the Asbian, '

The results obtained aret .

1) ©On the S, margin of the Askrigg Block, near Ingleton, fewer

major eﬁergence events occurred in the U, Aébiag cfe. Llangollen,

but this emergence resulted in the.Operation of similar

palaeokarstic and calcretisatidn processes,

2) ©No direct oyole for cycle correlation can be at present
erected between North Wales and Ingleton due to the lack of

specific definition of each or any paftioular ocycle,
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6. PCRITIDAL DEPOSITS IN THE TYNANT FORMATION AND SYCHETYN MIMNBIR

Microfacies represented within the peritidal sediment suite of
the Tynant Formation and Sychtyn Members

Calcisphere wackestone miorofacies association (MA.1)s
MA.l.l1. Calcisphere packstone to mudstone.

MA.l.2a Unlaminated caloisphere-peloid
grainstone /packstone.

¥A,1.2b Laminated caloisphere-peloid
grainstone-packstone.,

MA.l.3. Cryptalgal laminite.

MA.l1.4. Laminated beresellid oalcisphere mudstone
packstone.,

C Intraformational conglomerate 1ithofacies (L.  7)
LeTele Clast supported conglomerates.)

6.1, Distribution and Field Character of MA.l

Calcisphers waokegtones (MA.1) oocur throughout the Tynant
Formation and Sychtyn Member. They are normally present as the
Qominant regressive microfacies association towards the ﬁpper
boundaries of dyolééi(s;é seotion 2. 1. 1) and are most common in
these two units, locally oontributing up to 50% of the succession
(see correlation charts A & C); They also ocour to a lesser
extent in all the other formations and members re&ognised herein.

MA.l. bed morphologies vary betwsen small-scale laterally
impersistent units to larger-soale units, (see fig. 37 ) over 10m
thick (e.gs top cyole of Tynant Limestons) that are readily
correlated across kilometres of outcrop. .

Emergence features ( ‘palasokarsts,palasosols and sutured
discontinuity surfaoé;) are often associated with their upper surface,
whilst thej usually grade downwards into sediments of MA,3 or MA.2

suite.

Sediments of MA.1 in hand specimen vary from dark grey or grey-

see Chapter 1ll.
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blue to pale cream-grey, and break with a oonchoidal fracture. They
correspond to the "porcellanous micrites" of lithofacies L, 5.

Low diversity molluscan-dominated macrofossil assemblages are
characteristic, fenestral fabrics very frequent and penecontempor—

aneous dolomites restricted to this microfacies association.

PETROGRAPHY OF CALCISPHERE WACKESTONE (MA,1) AND ASSOCIATED SEDIMENTS

Petrography of MA.l.l. Caloisphere Packstone to Mudstone (Plate 4

N\

This is the dominant lithology within MA.l. Wackestone is the
most common texfural type. The sediments are usually homogeneous,
with rarely developed vague millimatrq to centimetre lamination, and
vague centimstre colour mottiing with diffuse mottle margins. The
dominant bicolasts are calcispheres and molluscs (gastropods).

Small and medium irregular fenestras are common, but tubular and
'*packing' (new term, see section 6. 4. 1.4 varieties also ocour.
Petrographically this microfacies grades into, and may be inter-
laminated with other MA.l. microfacies, MA.2.1 or MA.3.1 (see Chapter
7). Variable volumes of insolubles are present dominated by illite
( Appendix E) although locally, diagenetic quartz prisms (c. 250 }un)
are abundant e:g. s/m 388.

The matrix is dominantly lime-mud and silt-grade bioclastioc
materiale. In very thin. section the 'lime-~mud resolves to a clotted
texture due to the presencs of many ~30pm diameter peloids floating
or packed in 3pm to 5pm miorite (Plate4 f£ig. C), also noted by
Schwartzacher (1961). These feloids are of two formss those
containing bloclastic silts and micrite grains, with diffuse margins
(Plate 4s fig. C¢) and probabdly of faaoél origing irregular, more

dense micritic peloids with sharp margins probably derived from

© degraded bioclasts (Plate 4, fige D ). Hardle and Ginsburg
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PLATE 4 MA, 1 Microfacles Association.

Calcisphere wackestone / packstone, MA.l.1, s/h 139,

Tymant Formation, World's End, G. R. SJ 23304788

Unlaminated calcisphere peloid grainstone., MA.l.2a

's/m 1003, Tyndnt Formation, G.R. SJ 22064588.

" s

Vague peloids visible in very thin section (feather edge).
Note diffuse margine and micrite/bement matrix. s/h 1590,

Froncysyllte, Tynant Formation, G. R. SJ 26984199

Well defined peloids in MA.1, s/b 24611, Tynant Formation,

Tynant, G. R SJ 21984572

Garwoodia sp ‘colony' within MA.l.l., s/m 158, Tynant

Formation, World's End, G. R. SJ. 23284819

Laminated calcisphere peloid grainstone /iaokstone MAsle2by

Tynant Formation, G. R. SJ. 21984572,

Vague grading in millimetre lamination of MA.1.2b, s/m 246,

Tynant Formation.



ati- i " G i o it i 8O A
L - 2
L AT S S AT WA




15

(1971, p55) described similar recent peloid associations.

The calcispheres are of many genera and species, although in
the Sychtyn Member and Tynant Formations the very thick-walled highly
spinose parathuramminids are especially common (figsll & 12 ). Of

the 'smooth walled' calcispheres, Pachysphasra spp.are very common,

Gastropods are the dominant macrofaunal element,both high and low
spired forms. Their shells are always replaced by coarse calcite
druse and occasionally have included internal sediments and void-
collapse features. The proportion of mollusc clasts within the
sediment (both whole and fragmentary) is variable, but not greater
than other microfacies, although the exclusion of other macrofaunal
elements increase their significance within MA.l.‘ Recognisable
bivalve clasts are rare. Brachiopod, echinoderm and coral bioclasts

are also rare ( < 1% of volume ), but when present they are invariably

abraded and micritisede.

Beresellids (mainly Kamasnella sp .) are volumetrically less
significant than calcispheres, but with their proportional increase,
along with clasts of 'stenchaline' elements, MA.1.1 grades into MA.2.1.
Ostracods are ubiquitous and may occasionally be the most important
sediment contributor. Foraminifera are minor sediment contributors.
Dasycladacean and filamentous algae are rare, as are ungdarellids
(eege s/h 197). Occasional lamina-dependant Garwoodia and .
Ortonella (e.g. s/m 158 and 188) masses and cryptalgal laminations
occur (Plate 4y fige E ).

Bioturbation other than tubular fenestrae and sutured discontin-
uity surface (Chapkr 11) features is rare, usually evident as horizon-
tal and vertical pipes infilled with more mud-deficient packstone-
grainstone sediment with variable quantities of geopetal silte. It
is these burrow-fills that suggest the peloid nature of the
surrounding 'lime mud'., At two horizons in the Sychtyn Member

1.
(GeRe S.Je 25102505) Chondrites sp. occurs towards the top of a

1 Plate.l, fig F
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wackestons unit, but with burrows infilled by overlying sediment.

Apperdix 11 1ists the ocompositional range of MA.l.l.

6.2.2. Petrography of MA.l.2a. Unlaminated calcisphere-peloid grainstone/

6.2.30

packstone (Plate 4, f£ig B )

MA.l.2a is commonly interbedded with MA.l.le It normally has
fenestral fabrics associated, usually a combination of small and
medium irregular, laminoid, tubular and 'packing' fenestras., Largs
irregular fenestras are rare. The la.mir‘mid and4 'pa.ckingf fenestras
impart or enhance a grainstone texturse, even in sédiments that are
apparently packstons. Clast size is variable betwsen 50pm and
1000pm

Most peloids are subrounded to irregular with a micritio
internal structure, but often have a well developed coating of dense
miorite visible as a pale rind on polished su.:t:fax.:es‘.t Apart from
caloispheres, recognisable clasts are few. Intraclasts of oalci-
sphere wackestone are present, along with minor: percerita,ges of
foraminifera, ostracods, molluscs and echinoderm fregments.

Petrography of MA.1.2b. Laminated calocisphere~peloid grainstone—
packstone (Plate 4, fig. F ).

MA,1.2b is a rare microfacies. It is best exposed in
the Tynant Limestone (G.R. SJ 21954570, Chart A, 8/m 246) as a 20cm
bed, laterally traceable over g.2 OOm, It oompriseé 500um to
2000nm laminae of calcisphers peloid grain-supported sediments with
rounded elliptical intré,clasts ('flakes' in'3D') up to lom long.
Detrital quartz is abundant along some leminae. The thicker (2mm)
laminae show vague fining upwards grading (Plate 4, fig. O ) with
1ime-emud concentrated towards lamina tops. Small laminoid
fenestrae are ubiquitous with small irregular and packing fenestras

subordinate; Cryptalgal laminites (#A.1.3.) are intimately assoc-

- 4ated with this microfacies.

At the '.[ynant locality the microfacies is lajered on a milli-

t pisolites - see section 6.4.16

-
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metre to centimetre scale, subparallel with dbut not totally dependent
on the sediment lamination, between partly dolomitised and non-dolom-
itio layerss Its distribution and the presence of dolomitic intra-
clasis within non-dolomitised laminaé show that dolomitisation was

early. This is desoribed in seoction 6.5.8.

Potrography of MA.i.3. Cryptalgal laminite (Plate 5, fig. 4 ).

Cryptalgal laminites occur within MA.1 associations in minor
quantities as scattered millimetre to 10cm thick layers. They have
pale dense micritio laminae 50 to 300pm thick. Sometimes the laminate
character is very vague, defined by relative proportions of included
detrital quartz (~ 20pm) or by small laminoid fenestrae, or by peloid-
calcisphere laminae. The laminae may be partly disrupted (e.g. s/m
2109) and fragmented ( Fig. 238 ) into eloﬁgate flat olasts.
This disruption indicates their early lithification (see section 6.5.
Te)e Specimen 2155 from Treflach Quarry in the Sychtyn Member shows
?plastic deformation by vertical zones of intense tubular fenestration
upturning but not fracturing the laminae (Plate 5, fig. D).

Miororelief is visible on some cryptalgal laminites, although .
no large-scale stromatolitic structures have been observed. Low,
(2cm relief) 8cm to 12om base,smooth domal forms ("LLE" of Logan et &
1964 ) ooccur along one horizon within MA.l.1 in the Syohtyn Member
(fig. 39 ). The Tynant Limestone (0.R.SJ 24685113, fig.40) shows
laterally impersistent oryptalgal la.minite.s with 20cm primary relief,

thin laterally extended sheets, and low domal LLH forms.

6cm S
’,-'.—/_’A :
>
Fig. 39 Stromatolitic (LLH) structures within MA.l
of the Sychtyn Member, Nant Mawr Quarry, G.R. SJ

25232500,
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PLATE 5

A MAclo3 miorite—~detrital oryptalgal laminite ?quartz
rich laminas with fine laminoid fenestrae s/b y Tynant
Fpmtion, Go Ro sJ

, B Laminated beresellid calcisphere packstone-mudstones
MA.1.4 s/m 1101, Syohtyn Member, G. R. SJ 25252500

c . Fenestra with internal sediment of pellet grainstone.

Note tubular fenestra (R) within the internal sediment

i S/m 1498, Tynant Formation, G. R. SJ 22014552.

D . Intense tubular fenestration within MA.1.3, s/m 2155,

Sychtyn Member, G.R. SJ 25252499.

| E Rhythms of intense tubular fenestiration as in (D),

" .Sychtyn Member.

F Refenestration of internal sediments within an earlier
! v fenestral feature., S m 289. Tynant Formation, G.R.SJ21994551.
(original fenestral fabric outlined).
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6.2.5. Petrography of MA.l.4. Laminated beresellid—calcisphere rmudstone—
packstone. (Plate 5, fig.B ).

Present in the regressive phases of Sychtyn Member cycles and
rarely in the Tynant Formation (e.g. s/b 239.) this microfacies is
compositionally a transition lithology between MA.,1 and MA.2 with
proportions of beresellids o~ oaloispheres. It ooccurs as units
<30cm oS/m 1101 (Sychtyn Member) has vague to prominent, slightly
érenulate millimetre lamination, sometimes with a superimposéd
darker-lighter brown colour layering on a millimetre to centimetre

, scale, This colour banding is laterally variable and gives rise
to 'stranded' dark colour mottles. (e.g. s/m..1101). The lamination
is between beresellid (Kesmaenella sp.) mudsiones to packsiones, and
more oaloisphére-pelo;dal érainstones similar to MA.1.2b., "Unlamin-
ated MA.1.4. also occurs rarelye. '

Stenohaline faunal elements are absent. Rare bloolasts of

echinold spines, Koninokoﬁora sp. and endothyrid foraminifera occur.

6.2.6. Character of Clast Supportsd Conglomeratese(L.7.1l)

This Iithofacies L. 7 is characteristically associated with
MA.l sediments. It occurs above irregular erosion surfaces
within MA.l units. Clasts are almost totally MA,1 sediments, and
range up to 8cm diameter (Fig. 41' Yo They are normally irreg-
ular to subspherical, and little rounded. Matrix is characteristi-
cally lime-mud and intraclast and none have been observed with
imbricate struciure o« The dominant texiure
of the larger intraclasts is clast-support, although this does grade
to matrix supported, especially towards upper zones of the conglomer=-
ate 'bed', which rarely exceeds 15om thick, No 'flake breccias' have

been observed,
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6.3. BED MORPHOLOGIES OF MAi.l,

Small-scale laterally discontinuous units of MA.l sediments
are visible in the Tynant Limestone at outorop whilst more regional
variation is discovered from correlative comparison of logs (refer
to oharts A and C).

At Tynant Quarry (G.R.SJ21944560) and Trefor Rooks
(G.R.5J22664348) the Tynant Formation shows a number of finch and
swell features (Fig. ¢/) within MA.l. These aret 1) The develop-
ment of a channel-like body 3m wide and 80cm deep infilled with
MA.l.1 with a coarse irregular fenestral fabric, that apparently
extends ENE into the quarry face (Plate 1, fig. A )3 2) relatively
abrupt lateral termination of a beds 3) possible channel form within
MA.l1 infilled by MA;Z. Somerville (1979a,p.401) has intérpreted
the former two features as palaeckarst on top of his ‘cycle 10',
The lack of karstic potting and the preservation of S.D. surface
features suggest karstification was a minor process. The presence
of multigeneration fenestrae (fig..4/ jPlate 5, £ig.C&F) imply a
later reactivation of the sediments after early oementation,
but whilst being only poofly lithified. The
bed irregularities are related to undulations in the underlying
MA.2 sediments and may be in-~part an acoretionary phenomenon on a
primary relief. Whether this relief is of tectonic or deposition-
al origin is unclear. There is no evidenoé of fabric termination,
nor primary acoretion surfaces on the ‘'erosive' margins of these
bodies., The presence of immediately overlying intraclastic
layers implies that these bed morphologies were in part modified
during the succeeding transgressive event. |

The top Tynent Formation cycle also displays a laterally

discontinuous bed morphology that shows internal fabric truncationT

(£ig. 9 ,0.R.SJ22204668) indicating that erosion plays an important
’

1.

see section 1l,l
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role in their formation (see section 6.4¢2.5 & 11¢162)e
In miorotidal (Davies 1964) shorelines (see section

6o 7o ) reduced tidal currents inhibit the formation of tidal
channels and creeks, although the extent of tidal flat develop-
ment (also controlled by seaward gradient) is less for lower
tidal ranges. PRsad (1974) desoribed small-scale intertidal
creeks in Shark Bay, Western Australia. Intertidal channels
migrate laterally (Shinn et al., 1969, p.1221), building levees
and fining upward unifs. There is no evidence of these features
in the Tynant Formation, This does not preclude their interpret-
ation as minor low-energy and short lived channel-forms, although

. T
karstic removal and erosional scour appears a more acceptable

model. f( including intertidal dissolution - see section 11. 1)
Topographic relief formed by karstification is described in
chapter 11, and the larger scale embayment-—wide variations in

MA.l geometry in chapter 2

EARLY DIAGENETIC AND SYNSEDIMENTARY FEATURES ASSOCIATED WITH THE
PERITIDAL SEDIMENT SUITE

Pisolitic, pseudooolitic & ' onocolitic clasts

Subspherical grains with a dense.pale micrite coat <4mm
thick to clasts, up to 4om diameter, are common within MA,1,.,2
sediments, intraclast rudstones and intraformational conglomerates
associated with MA.1l microfacies.

These structures lack calcareous algal filaments and

concentric lamination. The coats are irregular in thickness on



81

individual grains but neither'vadose dripstone' and deformation
features (of. Dunham, 1969b) nor thickening on clast tops (Hay
and Reeder, 1978) are apparent. Coats thicken, apparently at
random points. These ocoats resemble the pale dense early miocrite
cements of fenestral cavities (see on) and lack the dark tan pig-
ment colouration of calcrete miocrite coated olasts. No'coarsen—
ing upward' fabrics have been recognised (Dunham 1969b).

The coats differ from MA.3 oncolitic clasts in lacking
poroﬁs (fenestral) fabriocs and calcareous algal filaments (see

seotion Te 3¢ 2).

An in part a&oretionary origin for this micrite coat-
ing is suggested, both by the sharp boundary on many (but not
8ll) grains betwsen ‘'coat' and host 'clast(' and by the presence
of ?included silt grade material within the coats. (e.g. 8/m

1494, Tynant Formation, fig. 8, Plate 9, fig, D. ) &

Although Read (1974b) desoribed "calcrete ocoids" and
pisolites from Shark Bay soil zones lacking the meniscus and
packing effects of Dunham (1969b), the lack of pigmented calorete
miorite and other calcrete structures associated precludes a
soil zone calcrete interpretation. (Esteban, 1976, refuted the
soil process formation of ﬁunham for pisolites of the Capitan

reef complex, suggesting.instead a syndepositional algal origin.)

The acorstionary origin of these coated clasts dist—
inguishes them from the endolithic algal-micritisation process

of Bathurst (1966),_a1though it retains a degree of similarity
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with the exolithic algal micritisation described by Kobluck
and Risk (1977). ' Non-skeletal oncolites ars common tidal-
flat associated oryptalgal structures in both the Recent and
Ancient. Comparable ‘'oncolites' to these Lower Carboniferous
forms have been recorded from peritidal algal mat zones of
Shark Bay (Logan et al, 1974a,p. 152 as "pelletoid rinds") and
the Jurassic (Purser, 1975). .Logan et al (19747 interpret
their aragonitic pelletoid rinds as products of algal trapping
processes, a model favoured here for these Lowsr Carboniferous

analogues.

The presence of oryptalgal pisolites suggésfs formation
in an environment of active or ephemeral algal growth on inter-—

tidal flats.

Fenestral Fabrics,

The classification followed here is a modified form from
Logan (1974, p.214).

LAMINOID FENESTRAE Small iaminoid fenestfae are associa-
ted with algal, oryptalgal and peloidai laminites (MA.1.2a and b §
MA.l.3)e They enhance any g?ainstoné character of the sediment,
and are themselves modified by the grain shape and packing. They
sub-parallel internal sedimentary lamiﬁgtion, are between 100um
and 1000pm tall and can often be traced for up to 4om laterally
(Plate 6y fige ©)o Tubular fenestrae often interconneot with
them. Lateral to the fenestrae evidence ‘of disruption is shbwn

by internal fracturing and roof spall floating in geopetal silts,
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Floors are generally smoother than ceilingss in lime-mud rich
textures, both floor and ceiling may be smooth and'farallel, where—
aé grain-support textures with internal geopetal sedimsnts have
fenestrae with more irregular oceilings and smooth floors. With
decreasing size and more irregular form they grade into '‘packing
fenestrae' type.

Fenestra density is variable, but normally depends on the
scale of sediment lamination. . More finely laminated fabrics have
a denser fenestral distribution.

Medium to coarse laminoid fenestrae are rarely developed

(e«g. Tynant Formation at, G.R.S5J21944560). They are greater
than lmm tall and often extend laterally more than 4om. Coarse
sub-laminoid forms up to 3om long are here classified aé irregular
fenestrag

These fenestrae subparallel sediment lamination,. and are
rarely inclined at a shallow angle (Plate 6, fig. B ). They merge
with intergranular and umbrella voids. Internzl sédiments are of
variadble quantity, but as with smaller laminoid fenestras, they are
generally reduced compared with other fenestral fabrics that have a

more dominant vertical component.

TRREGULAR FENESTRAE, With inoreased vertical dimension
relative to a reduced lateral extent, laminoid fenestrae grade into

'irregular' forms.

Small irregular fenestrae are subcircular to vertically com-

pressed ellipses, with irregular margins, ca.o*l-4mm tall. This

is the most common fenestral fabric, occurring in units up to 150cm
thick, mostly in MA.l.1 and MA.l.2a. These v;ry from dense ( X 30%
by volume) to (S 5% by volume) scattered. They grade into medium

irregular fenesirae, and are normally associated with these, tubular



PLATE 6 Fensstral fabrics,

Medium to small irregular fenesiraes. Note vague
concave-up fensestral pattern outlined, S/h 1472, Syohtyn

Member, Craig y Rhiw G. R. SJ 236295,

Medium to coarse laminoid tenestras, in MA.l.2

S/m 1003, Tynant Formation, Ge. R. SJ 22064588

Small laminoid fenestras in MA.l 2b s/m 246,Tynant Form—

ation, Tynant.

Irregular 'packing fenestrae' extending betwsen medium
to small irregular fenestras defining ped-like pseudointiraclastse.

S/m 130, Sychtyn Member, Nant Mawr Quarry.

Irregular fenestral cavity within MA.l.1 infilled by
mds and silts rich in ostracod oarapaces. S/m 1456, leete
Formation (Mesothem D.5a). ILlanelidan, Pen y Craig,

G. Re ST 11655190,

Small irregular fenestras with sub=laminoid packing fen-

estras. S/b 1098 Syohtyn Member, Nant Mawr Quarrye.



PLATE




84

s

and packing fenestras. Grainstone textures produce more irregular-
ly shaped fensatras. Internal sediments are variabie but only
rarely ocompletely f£ill fenestras, Tubular fenestrae often inter-
connect in all directions, and packing fenestrae merge with the -
irregular fenestrae giving their edges a fine ‘'root-like' structure
penetrating the surrounding sedimentt Indistinct stacked concave~
up subhorizontal (2om) trains of fenesiras commonly ocour, produo-
ing a scalloped laminar texturs, probably defihing original

sediment microrelief (see section 6;4.5.3 y Plate 6, fig. A ).

Medium and coarss irregular fenestrae are > 4mm, and occasion=-

ally > 10mm tall. They o&cur in both MA.l.1 and in more grain-
supported textures, sometimes as a unit of limited lateral extent.
They are usually scattered and comprise < 108 by volums of rocke.
Medium irregular fenestrae are normally associated with small
irregular and packing fenestras. . Internal sediments are common
and variable, sometimes showing squential infill laminas with
interlaminated early cement fringes. Vadose cements oocour

in these fenestras (see p.104 ). Morphologically, these fenestral

fabrics grade into coarse laminoid forms.

6.4.2.3. TUBULAR FENESTRAE, Tubular fenestrae are ubiquitous to all
the MA.1 suite. They are tubular siruotures 100 to 2000um i
diameter, with smooth, undulose and subparallel to highly irregular
outer surfaocses. They have no wall structure (gg_tubular palasosol
structures, p.231). They disperse in both vertical and lateral
oomponents through the sediment, coalescing with other fenestral
fabrics when present, and ocour in variable density, from scattered to

being often the only or dominant fenestra type. One regressive

phase in the Sychtyn Member (s/m 2155) has three 3om layers densely

packed with these fenestrae ( » 30% by volume) separated by 4om to

Plate 6, fige A & D
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80m.sparsely tubular fenestrated MA.l.l, and cryptalgal fabrics
(Plate 5 fig.D&E). They branch and coalesoe in all directions,
following existing fenestral fabrics where present by offshoot.
In laminated sediments horizontal components may dominate, giving
these fenestras a laminoid appearance.

Internal sediments are oommon, often occurring as pyramidal
heaps on horizontal floors beneath vertical componentis of thg

fenesgtras.

PACKING FENESTRAE, This is a new term, defined hexre asﬁa
minor (by volume) but common fenestral type, enhancing inter-
granular voids, floating clasts, and in matrix-rich sediments
forming a reticulate network that imparts a pseudograinstone tex-
ture to the sediment (Plate 6, fige D ). These fenestrae 'fractures'
follow margine of included clasts. With inoreased horizontal com-
ponent they grade into small laminoid fenestras (Plate 6, fig. F ).

Their distribution is widespread, ocourring in association with
all other fenestral fabrics (excepting large irregular fenestrae),
but are especially important in association with small laminoid and
small irregular fenestrae.,

- The fenestrae are from 10am to 100pm wide, extending in all
direcfions in a reticulate manner (in oross-seotion). They have
irregular margins, often widen towards othér fenestral features
and at.confluenoes but also can fads into the surrounding sediment.
As with all other fenestral fabrics they have variable quantities
of internal sediments, concentrated on horizontal bottom surfaces
that underlie vertical elements of fensstrae.

Crover and Read (1978) included these packing fenestrae with-
in their laminoid fenestral group (op. oit. p.460, fig.D). Deelman
(1972, p.590) illustrated the formation of enlarged voids by upward
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migration of air bubbles displacing sediment particles thereby
enhancing the grain-support texture to grain- float. . This, and
desicoation shrinkage, may be an important mechanism fof the

formation of packing fenestrae.

MULTIGENERATION FENESTRAE, At a few localities in the

Tynant Formation two successive generations of fenestrae occur with-
in the same unit, superimposed upon each other. 1In s/b: 0273 289
and 1498 small and medium irregular fenestrae are infilled

with peloidal-bioclastic silts and mud, that has been penetrated
subséquently by tubular fenestrae (Plate 5, fige F )o Specimen

2528 has small irregular and tuﬁﬁiar.fenestrad,-paf%ly' infilled with
bioclastic—silt, mud and micrite cement., Subsequently - 1lith-
ifiedi:;diment has been partly dissolved (section 11.1.2) producing

a distinoctive, large scale fenestral fabric with mm scalloped margins.

(fig. 42 ), themselves infilled by sediment subsequently 7burrow-fmestrated.
The former examples indicate sequential sediment modification,

and show that tubular fenestration may be a later event to irregular
fenestral fabrics, However, these specimens immediately underlie
cycle boundaries and refenestration most probdably occurred during
the succeeding transgressive phass, The succeeding section cont-—
inues this argument from a superposition vieWpoint.

Discussion on Fenestrae.

Ham (1952) introduced the term 'birdseye'! to describe calcite-
spar druse-infilled irregular vughs. Tebbut et.al. (1965) used the
more embracing term 'fenestra', which has been followgmore rigor-—
ously by subsequent workers. Fenestral featuies are now powerful
peritidal palaeoenvironment indicators, but must be used cautiously
within an assemblage of criteria to define an emergent environment

(Ginsburg 1975). .
Ham (1952) proposed their formation from decay of algal

remains, whilst Illing (1959)~suggested that they have many origins
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inolading organic borings, syneresis and desiccation shrinkage,

and gas evolution from organic decay. Cloud (1960) uséd the presencs
of pyrite within fenestrae to argue their gaseous formation, whereas
Deelman (1972) used a capillary water transport and gas-bubdble
(entrapped air) escape mechanism to aocount for their origin.

From his study of alpine Triassic 'Loferites' Fischer (1964)
proposed their intertidal origin. Shinn (1968) confirmed this from
investigation of Recent supratidal sediments and formed 'birdséyes'
in the laboratory by simulating alternate wetting and drying, but in
alga-free lime mud. Logan (1974) and Logan, Hoffman and Gebelein
(1974) studied the variation and association of fenestra types in
Shark Bay peritidal sediments, and recognised their formation due
mainly to in&eraction betwsen algal-mat and algal-bound sediment, but
desiocation, (watertable fluctuations) oxidation (Eh/pH fluctuations)
and lithification also are important (Logan, 1974, p.214). Fenestrae
can form up to 30cm below the sediment surface. Three inter-
gradational categories of fenestra were erected by Logan (op. cit.)
that are followed here, viz laminoid, irregular and tubular morpho-
logical forms. ‘

Grover and Read (1978) presented & comprehensive study of
fenestral types, densities and distributions in Ordovician carbon-
ates from Virginia. Read (1975) described Devonian tidal-flat
sediments from Western Australia, and noted a sequential arrange-
ment of fenestral fabrics within cycles that he compared to the sub-

environmental distribution of Shark Bay fenestral fabriocs.

6.4.4, Sequential Distribution of Fenestral fabrios in the Tynant Formation
' and Sychtyn Member

Fenestral fabrios occur in many but not all MA.l. units,.

At times they are highly variable in vertiocal association and grade

laterally over mstres of outcrop into other or non-fenestral fabrios.
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Fige43 indicatesthe degree of vertical variation encountered.

To evaluate whether these lower Asbian fenestral fabrics
may be of use as palasoenvironment indicators, and whether they
have a prefered vertical (cyclic) distribution, a Markov analysis
was undertakent

A Markovian process is one in which the likelihood of
an individual event is partly determined by previous event(s).
Many analytical tests for Markovian processes are available and
usage depends upon measuredcharacters, data—set size, and aims
of study. .

Neither individual secti;n thickness nor exposure quality
were sufficient to odbtain sﬁatistically significant data sets.
Combination of data from a number of Asbian sections, mostly
within the upper series of regressive-phase—~dominated minor
cycles of Mesothem 'D5a' produced a single data set of 124 dom-
inant fenestral fabric transitions. This set includes 'multi-
storey' transitions (ggggp Selley, 1970) reoognis;d by changes
in fenestra density, bedding planes and intraformational con-
glomerates, As the population is limited a simple statistic
was chosen (i.e. the method of Selley, 1970), the data
did not permit tests of 'stationarity' (e.g. Casshyap (1975)).
Only tests for 'first order ' Markovian processes (Schwarzaoher,
1975) were attempted.

A 'ta2l1ly' matrix was produced to indicate the frequency

of fabric transitions within the data set. Data from different
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stratigraphic sections were 'run-together' by including 'non-
fenestrated' sediments as shared evenis between stratigraphic
sections ending and commencing (9 sections ig.tgig). Using
Selley's Method (see Schwarzacher, 1975, for statistical
theory) a data matrix was constructed for predicted random
transitions if no Markovian process was acting on the fenestral
fabrics. Gingerich's (1969) method was also used as a comparative,
The resultant '‘non random' transitions found by sub-
traction of the random matrix from the observed tally of
fenestral fabric transitions are plotted in figs. 44 & 45.
Application of a simple 121 gtatistioc (Schwarzacher,1975)
to this data set indicates that at 'X2' = 34.4 and 25 degrees of
freedom, the'null hypothesis' may be rejected with 90 -'95%
confidence. i.es There is less than 10% chance that such a distribution
of probabilities could arrise from successive independent events,
The paucity of the data does, however, suggest caution must be

employed in drawing conclusions.

As fenestral fabrics are in part controlled by sub-
strate type, and morphology of algal mats (Logan, 1974) if
present, they may be reasonably expected to reflect tidal flat

subenvironments. .
- The fabric relationship diagrams promote discussions A

general cyolic pattern oocurs from tubular or large irregular
fenestras through smaller irregular to laminoid feneqfrae.
In comparison to the apparent distribution of
these Lower Carboniferous fenestral fabrics, Read (1973, 1975)
described vertical successions of fenestral fabries from the .
Devonian of Western Australia. He recognised a general up-
ward sequence from non-fenestrated pellet limestones through

laminoid and irregular fenestral fabrics into pellet limestone



Fig.‘¢4 Matrix showing the difference between the observed
number of transitions from one fenestral fabric to another in an
upward succession, and those predicted assuming a random model

for their suocessive formation. (Selley's method)
(see fige44a for tally matrix and random matrix)

LF SI LI T CL NP
‘i‘zﬁiﬁﬁie (LF) =1487 41,82 =2.87 +0.49 =0.30 +2.70
f:;:;t;eﬁfd‘ (Si) +3.82 0,34 =1.18 =1.25 =0.65 =0.39
fooany o - (LI) =287 +1.82 +1.13 =0.51 +1.70 —1.28
fubular fen (TF)  =1.51 =125 +1.49 =079 =0.16 +1.22
Eﬁ?;ii‘{gi;‘z;ime (CL)  +0.70 40435 =0.30 ~0.16 =~0.03 =0.56

Non-fenestrated ) -
sediment. (¥F) +0.70 =2.39 +1.72 +2.22 - =0.56 =1.72

'x 2 =34e4¢ } (6-{)2 degrees of freedom s i.e. The null

hypothesis can be rejected with 90 —= 95% confidence.
Fenestral fabric relationship diagram from the above matrix

showing the upward transitions which occur most frequently
for each fenestral fabric, after allowing for the number

"expected , had their formation been random.
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MATHIC3S FOR MAHKOVIAN ANALYSIS
1)SELLEY'S METHOD.
A) TALLY  MATRIX
LF sI TP €L NF

Laminoid fenestrae

(LF) 1 8 0 8
Small irregular
fonestrae (SI) 10 13 0 "
Vadium =large irr— 0 ) 8 2 4
egular fenestrae (LI)

Total of 126 transitions
Tubular fenestras(TF) 1 2 0 0 4
Yon-fensstrated 1 1 ‘0 0 0
oryptalgal laminite
) (cL) .
Yon fenestrated,none 6 9 0 8
laminated (NF)
B) RANDOM MATRIX
. LF ST LI TF cL NP .

LF [72.87 6418 2.87  1.51 0,30  5.30
81 €.18 13.34 6.18 3.25 0.65 11,39
LT | 2,87 6418  2.87  1.5% 0630  5.28
TF 1'51 3025 1051 0079 0.16 2.78 “
CL 1 0430 0465 0.30 0.16°  0.03 0.56
BF | 5,30  11.89 5.28 2.8 0,56  9.72
2 GINGCERICH®'S METHOD

A)  TALLY MATRIX B) PROBABILITY MATRIX

LF ST 11 TF cL NP P sI 11 ™  CL NF
LF 0 8 o 2 (4] 8 0 44 0 11 (4] 44
ST 10 o 5 2 0 1 W3 0 -18 07 © #39
11 [o] 8 0 1 2 4 0 53 .0 «07 13 27
{1 2 3 0 0 4 2 3 0 0 o4
L |1 1 0 0 0 0 5 5 0 0 ) 0
¥ |6 9 7 5 0 0 22 W33 26 49 O 0

€) PREDICTED RANDOM MATRIX

ir sI LI TF cL br
iF V) o4 «18 12 «02 033
ST 025 1] %] 14 «03 037 Total of 100 ( '1) transitions
I 21 . ¢33 o o12 02 31
TF | .20 31 «16 0O «02 «30
CL «18 28 15 «10 0 27
KF | .24 .38 «20 o14 03 ©



Fig4S Matrix showing the residual transition probability
efter the independant random transition probability matrix
has been taken from the observed transition probability
matrix. This method does not include multistorey events.
(Gingerich's method.)

Abbreviations according to Fig. 44.

LF SI LI TF CL NF

LF 0 40,10 =0,18 -0.01 =0.02 +0.11
ST #0110 ~0.03 -0.07 -0.03 +0.02
LI ~0.21 +0.23 0  =0.05 +§.11 -0.04
EF 0,10 —0.11 +0.14 0 -0.02 +0.10
cL +0432 40,22 ~0.15 =0.10 0  =0.27
NF —0.02 ~0.05 +0.06 +0.05 —=0.03 O

(see fig 44a for probability and tally matrices)

Fenestral fabric relationship diagram from the above
matrix showing the probabilities of upward transitions from
each fenestral fabric, after allowance for random transitions

(Gingerich's method).
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dominated by tubular fenestrae, comparing their vertical assoc-—
iation to Shark Bay analogues. In contrast, the Ordovician
fabrics of Grover and Read (1978) lack cyclicity and are

commonly intimately associated together.

Below are reviewed the probable palaeocenvironments of
these Lower Carboniferous fenestral fabrics in comparison to -

Recent analogues.

6.4.5 Fenestra palaecenvironments

6.4.51. TUBULAR FENESTRAE oocur associated with root systems of salt-
tolerant (halobhyte) land plants inhabiting the upper intertidal
to supratidal zones in Shark Bay. These fenestrae (Logan, 1974,
p236-237) range from 1 to 5mm diameter and are vertically inter—
connected. Push~-apart formation of these fenestrae is indicated by
tighter grain-packing around the open tubules.

In contrast, Grover and Read (1978) attribute their 0.1 to 2mm
diameter branching tubules to infauna, likening them to the inter-
tidal burrows of Ginsburg and Hardie (1975) and stressing the common
association of vertical burrows within intertidal sediments (e.g.
Walker, 1972). Logan (1974 p.228) recognised intense boring activity
in 1ithified sustrates from a species of small bivalve. The laok of
any shelly remains within these Asbian tubules suggestis their form-
ation by a similar organism is unlikely. Garrett (1977) noted that
tubular fenestrae of comparable size form in Recent intertidal flats
by burrowing activities of both polychaetes and nematodes. Tine

peloidal internal sediments occur in many fenestral fabrios, but are
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more common in larger non tubular forms indicating that if they are
producing .

of faecal origin (see next seotion) thelprganisms prefered to

inhabit/formed non-tubular fenesirae.

Tubular fenestrae rarely ococur as a second generation fenestral
fabric, overprinting pre-existing fenestrae (e.g.s/m 289; 1498
where they underlie discontinuity surfaces (see section 1le 1 ) indio-
ating reactivation associated with transgression following & period.
of emergence, i.e. in these instances, the fenestral'sycle' is reset(?)
during the transgression.

In specimen 1472 (Sychtyn Member) prominent vertical tubules
ocour that have side branches and allow admixing of overlying clays
down the open tubule. Associated with ped-structure, (see section
6e 40 13 ) they indicate that some tubular fenestrae have probable
rootlet originé (see section 11.3.2.2 ),

In c;nclusion, the common occurrence of tubular fenestrae in

. MA.l lithologies lacking other fenestral features and their(?non random)
position at the base of fenestrated sequences (fig§.44 & 45 )
suggests that most have a shallow subtidal to low intertidal

infaunal burrow origin.

6.4.5.2. LARGE IRREGULAR FENESTRA® ocour towards fensstra unit bases according to
the fabric“relaiionship diagrams (figs;44&49oThey are normally sub-
laminoid, and may be directly analogous to the fenestral fabrios
assooiated with dolloform algal mats from the subtidal zone of
Shark Bay (Logan, Hoffman & Gebelein, 1974), that are formed through
a combination of growth (of algal mat) expansion, binding, cement-
ation and oxidation., These fenestral fabriocs are, however, normally
associated with unlaminated or poorly laminated MA.l.l. Howsver,
lamination of algal mat associated sediments is a result of episodio
.sedimant influx (Logan, Hoffman & Gebelein, 1974, p.152) and varia-
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tions in type and density of organic material. In a steady state

.situation (especially a subtidal setting) unlaminated algal-induced

sedimentation may ensue.

SMALL TO MEDIUM IRREGULAR FENSSTRAE are the most common fenestral
fabriocs present in MA.l suitss. Similar fabrics are well documen-
ted throughout the geologlo record (Deelman, 1972). Shinn (1968)
formed them though periodic desiccation of homogenous lime muds
Logan, Hoffman & Gebelein (1974) recognised their association with
pustular algal mats from middle and upper intertidal zones at Shark
Bay, and Kendall and Skipwith (1968) from similar algal fabrics in
the Arabian Gulf. As with the Shark Bay fabrics, these Asbian
fenestras are assoclated with unlaminated grain-supported sediments.
The presence ofhstacked oconcave-up fenestra-sets is indicative of a

sediment surface miororelief due to the formation of 'pust-

" ular' or 'cinder' mat fabrics. This fenestral fabrio, oo&urriﬂg

6e4.0.4.

commonly as thin densely fenestrated units, is interpreted as an

intertidal fabric.

LAMINOID FENESTRAZ are assooiated with smooth algal mats in the

lower intertidal zone at Shark Bay. This analogy would place them
below the small to medium irregular forms if a consistent shoaling.
model is followed. Acocording to figs. 44 and 45, they are often
intimately associated with the irregular fenestral fabrics (fig.43 ).
The occasional development of stromatolitic relief within this fabric
indicates formation within the intertidal to subtidal zones,(due to(?)

tidal flood and ebb scouring) although stromatolite tops may accrete

within the supratidal zone (of. the 'film mat' (Woods and,Brown,1975) ).
The laok of desiccation cracks associated with the laminoid fenestrae

also indicates no prolonged emergence osccurred. GCenerally associated

within layered sediments, they suggest a high position on the tiilal




S 46545

6.4.6.

S.4.6.1

S,.4.6.2

93

flat where storm-produced laminites are common ' (cf. Recent Andros

tidal flats).

IMPLICATIONS The stratigraphio sequence (See fi3 43)

of fenestral fabrics suggests that the fenestral fabrics reflect sequent-
ial & lateral variations in palasoenvironments, or that the fabrio
types were random within palasoenvironments, The fabric

relationship diagramsshow a vertical fabric cyclicity .and
association comparable to Recent peritidal environments, when consid-
ered within a progradational models from tubular and large irregular
fenestral fabrics of shallow subtidal to low intertidal origin to med-

jum and small irregular fenestrae of intertidal origin, and laminoid

‘fabrics, associated with laminite sediments of high intertidal/éupra—

tidal environments, Further data may elucidate the validity of this
fabric association model to a higher degree of confidence.

Geopetal (Internal) Sediments

Within penecontemporary open-space structures (fenestral fabrics,
umbrella voids and fossil chambers) a varied selection of internal sed-
iments are present that infill or partly infill these pore spaces in a
sequential manner (fige. 46).

GRAIN-SUPPORTED SEDIMENT. In some of the larger pore-—spaces a
basal layer of grain-supported éedimenf ococurs which in exceptional
cases completely infills the pore (e.g. s/m 2528), Rarely it may
overlie mud-supported internal sediment (e.ge. s/h 1477)e The sediment
may be derived (depending upon its character) from the surrounding
sediment or from an ?Poverlyihg source, It is usually a peloidal
grainstons, with well sorted clasts, and occasional larger olaéfs'float-
ing within, that have spalled off the cavity roof. The peloids are
rounded to angular, and are mostly 20 um to 50 um diameter. S/é.

289 and 2528 contain bioclastic grainstones that have infiltrated up to

tens of centimetres from overlying transgressive units (Ma.3)
LIME MUD SUPPORTED SEDIMENT ‘This internal sediment also lines

cavity bases and has internal lamination indicating periodio



Fenestral cavity showing observed sequence of internal

sedimentation (composite and diagrammatic)

KEY

1 Grain-supported ‘'pellet silt'.

2 Matrix-supported wackestone, with lamination and bioclastic
debris, including ostracods.

3 fine crystal silts .

4 Isopachous rim of acicular carbonate cement.

5 Crystal silts, grading coarsere.

6 Spar druse.

wu |
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influx. Nests of whole osiracods ooodr in a few cavities, even in
ostraood-dqfioient sodiments (Plate ¢ fig.E )e Similar osourr—
ences have\ieen reported from siromatactis cavities in alloohthonous
blocks of Asblan mudmounds in Ecton Limestong, Swainsley, Derbyshire
(Aitkenhead and Chisholm:, 197;5. Garett (1977) described infaunal
ostracods in 'pond' environments on Andros tidal flats. Cavity |
systems may have provided an ideal ‘retreat' for suoﬁ infauna in the
ancient. It is usually this infill that is burrowed by suoce;ding

generations of tubular fenestras. When present, this sediment

grades upwards into crystal silts.

CRYSTAL SILTS. Overlying mud-supported sediments,are
varieble quantities of crystal silis. Tenestiral cavities normally
possess this geopetal filling only. The crystal silts grade in
size from micrite grade material at their base to equant mozaic
microspar/pseudospar (c. 20pm) at the top. MNostly there is a sharp
top to this silt drape, above which spar druse infills the oavity.

Below vertical elements of cavities this silt may be stasked
in smal& piles. It also commonly olings to steep (even vertical)
cavity walls indicating a very high coefficient of frioction,

probadbly enhanced by contemporaneous cementation,

Significance of internal sediments

Dunbam (19699 recognised the mechanically deposited nature
of crystal silts overlying early cement fabrics ﬁithin cavities,
and argued for their deposition and transport by flushing waters in
a vadose environment. The silts are most prolific in fenestral
fabrics that have a high degree of vertical interconnection.
Tubular fenestras provide channels down which silt-laden waters
ocould readily percolate, The presence of isopachoué-cementﬂ (see

next section) interlaminated with orystal silts suggests that

T. Pal, Ass,Carboniferous Studies Group, Field Meeting, Easter, 1979
: Fieldguids,
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periods of non-deposition oocur;éd in a phreatic environment, when pore-
waters, with a high PCO, (Matthews, 1971) (and probably assooiated with
e low Eh) readily precipitated cements. The upward increase in silt
size within cavities (often onli marked towards the top of the silt
pile) remains a speculative problem. Dunham (19692 derived the
silts from erosion of host sediment and cement in the vadose zone.
As a corollary to this model it is significant to ﬁote that as lith-
ification continues, fewer pathways are available for silt tr;nsport,
and, in general, cement orystals in the larger cavities, growing
oentripetally have an increasing size. These larger orys£éls are
then more susoeptible.to erosion as the waters flush down their
decreased gape. Dunham (1969a)realised that phreatic ourrents are
generally'too slow to erode and transport this silt-grade material,
Grover and Read (1978) noted floors of fenestrae lined with
*Pellet Silt' (Dunham 196%) of heterogenous origin. The occurrence
of grain-supported silt in the Tynant Formation is limited to units
underlying MA.2 or.M'A.3."‘ Their depsition is envisaged as an early
event,subsequent to the fenestra formation, flushed down up to tems
of centimetres into an open, interconnected cavity system. ErosionT
associated with the <transgressive event laid-bare davity
" systems which provided sediment traps. This pellet silt often bears
1ittle lithological similarity to adjacent sediments (Dunham,19693
p-151 ) although in MA.l. lithologies ~ 30um peloids are common
indicating that erosion and transport may have had a sorting effect,
with only the larger particles being trapped in some cavities.

EARLY CEMENTS AND REPLACEMENTS
Penscontemporaneous dolomite, vadose and phreatic carbonate

cements are recognised associated with MA.l.

and intertidal dissolution (ILI)
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6.4.7. Early lithification of Lime Mud

The presence of intraformational conglomerates and 'sutured

disoontinuity surfaces' (see section 1l 1 ) indicate that some
lime muds and silts were at least partly lithifiéd at a penecontemp-
oraneous stage.by microorystalline intergranular cement. Further
evidence is shown for early lithification in s/b 2109, in which
oryptalgal laminites are disrupted into angular, centimetre-sized
flat oclasts, that ride over eacp other, in a zone descending into
the sediment at 45° fo the lamination. This zone of dieruption is
about 10om deep, and many clasts show that they originally inter-
looked ( Fige 38 ) | Wackestone infills the matrix to these
intraclasts. Assereto and Kendall (1977) have desoribed eimilar
étructures assooiated with similar sediment suites as 'peritidal
tepees', formed through lithification-expansion, enhanced by desic-
cation, Such tepees normally have a polygonal structure in thres '
dimensions, bu; this has not been recognised in this exampleéﬁ;Soheﬂq975)

Logan (1974 p213) desocrided oryptoorystalline aragonite
cementation on ihtertidal vensers that produced cohesive sediments
whilst immersed in 'tidal brines' ( 390/60 Cl), but whioh hardened
readily on drying and fhrough this desiccation process,with erosion moduwed
intraclastic conglomerates. Pratt (1979) also desoribed high
magnesian calcite miocritio cements in intertidal environments,
associated with cryptalgal fabrics.

The lack of convinoing desiccation polygons throughout Asbian
MA.,1. microfacies implies that these sediments may have been lithified
by microcrystalline cementation from interstitial '4idal brine’
watlsrs.

The following suite of early pore~filling cements recognised
in MA.l. 1ithologies supports this interpretation, although vadose

and meteoric phreatic waters may also have been in-part responsible.
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6.4.8. Penecontemporary Dolomite

This ocours within MA,1.2b in the Tynant Limestoné af.Tynant
(G.R.SJ21954570), and within intraclasts of MA.1.1 in the Tynant
Limestone at G.R. 5J23424948. Other more problematic examples are
documented. (Plate 7, fige. D)

A At the Tynant locality the dolomite has a localised
distribution, ocourring as millimetre to centimetre thick partly dolo-
mitio ochrous layers within finely laminated calcisphere—peloia grain-
stone-packstones{ §ig qﬁ).

These ochrous layers are rich in 2pm to 10um (Plate Ty f:i.g..iB )
sub-rhombohedral dolomite ( iO- 80% by volumg), highlighted in
alizarin red-S stained acetate peels (Plate 7y fig.F ). The basal
layer-boundaries are diffuse as the relative proportions of calcite
to dolomite increase downwards into non-dolomitic layers (gg_Bose,
(1979 p685)). - The dolomite-rich layers are persisient over centi-
metres 10 metres of outorop. Where dolomitisation is incomplete,
clast boundaries are enhanced., Bioturbation has.piped the layers
into each other. Dolomite-rich intraclasts'oocur within the dolomi-
crospar deficient layers (and wvica versa to a lesser extent) as
incontrovertible evidence for early dolomitisation (e.geGermann,1969)

Some grains are pnly partly replaced by dolomite, leaving
calcifio cores. The dolomitisation has mainly affected the matrix,

Fenestral ocavities and grainstone laminae that‘are assoclia-
ted with the dolomitic layers have poorly developed fringes bfiolear
20pm to 100um dolomite rhombs that may be an early dolomite cement
(Plate T, figs.C&E), The central areas of the fenestrae are clear
non-ferroan drusy calcite. Rare dolomite crystals 'floating'
within the spar druse may be due to & '3D' effect with respsct to

the section position, (see Plate Ty fige E )¢ In more dolomitic

laminas non-mioritic matrix is now 10um to 50pm dolomite (?)prinary caments ’

T

Plate 7’ fig. A



Fig 47
STRATIGRAPHIC SETTING OF PENECONTEMPORANEOUS DOLOMITE
TYNANT FORMATION , TYNANT.
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PLATE 7 Pensocontemporary Dolomite

A Pénecontemporary dolomite lamination (dark) and caleitio
lamination (1ight) in laminated calcisphere-peloid packstone-
grainstone, Note dolomitic intraclasts, s/h 246, Tynant
Formation, G. R. SJ 21984572.

B S.E.M, photomicrograph of dolomitic lamina with fenestral
‘cavity' infilled by coarse calcite spare Calcisphere towards
bottom right is still vaguely visible. S/m 246, Tynant Formai-
ion, 10% HC1 etch for 60 sec. .

c S.E.M. photomicrograph of early dolomitic cement lining
roof of fenesiral cavity. Rhombs are well formed, but elongate
rits (Q.lum) suggest inclusions. 104 HC1 etch for 60 sece o

s/h 246, Tynant Formation.

D Penecontemporary dolomite lamination visible (field Ph°t9)
as ochre (pale) laminae, underlying a tabular chert (black) nod-

ule Tynant Formation, s/m 246 locality.

E Fenestral fabric within partly dolomitised layer. Note
greater replacive dolomitisation of sediments above cavity roofs,
and dolomite cement apparently floating in fenestra (of.fige c)
s/m 246, Tynant Formation,

F Grading contact betwsen dolomitic and non-dolomitioc layers)

s/m 246, Tynant Formation,

o} ’ Large zoned dolomite rhombs in intraclast (outlined), Dolomite

~ is eroded-at intraclast margin. s/m 192,Tynant Formation SJ23424947i |
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Be In specimen 192 lafée intraclasts of MA.l.1 occur within
MA.3. (chapter 7). These intraclasts are partly dolomi tised by
scattered replacive 100pm to 500um zoned dolomite rhombs. The
rhombs have been fractured and eroded where they occur on intraclast .
margins. This is interpreted as evidence of early dolomitisation
prior to erosion and redeposition as intraclastic material (Plate 7,
fig. G ). The rhombs are well-formed, zoned, have curved faces and
are rarely in lmm aggregations. Occasional clasts of detritél
dolomite attest to its redeposition.
Ce Specimen 1511 (a scree block from Tynant) of typical
Tynant Formation MAl;l. provides some tantalising evidence of early
dolomitisation. Sélective dolomitisation is well shown associated
with a lﬁminated calcrete crust (with a prominent alveolar té;ture
(see section 11e3¢1s2.) ) The dolomite crystals (5 to 200um)
preferentially replace the lime mud and bioclasts, but not the
calcrete crust. Partly dolomitised intraclasts suggest a pene- ]
contemporary formation, Fenestrae have intensely dolomitised:
margins, and nucleations of disseminated dolomite may represent
burrow infills,
D.. Discussion In the Arabian Gulf (Illing et al.,
1965), Andros Island (Shinn et.al., 1965) and Bonaire (Deffeyes
gj_gl.,'l965) 'dolomitic' orusts form contemporaneously and pene-—
contemporansously on supratidal flats. Behrans and Land (1970)
described penecontemporary subtidal 'd010mite"in Baffin Bay, Texas.
In Bonaire and Andros the 'dolomites' occur as lime mud

undergoing progressive dolomitisation by the growth of 5Pm proto-

dolomite orystallites at the expense of aragonite.
Dolomitisation on Andros ocours supratidally on tidal-

channel levee crests and back-slopes associated with pelleted muds,
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siromatolitio mats and desiccation crésks, and is most concentrated
on surface-hardened crusts. The protodolomite fapiao;s aragonite
ﬁuds and acts as & cement along with caloite and aragonite.
Sedimentation oocurs during rare tidal and storm flooding. The
dolomitic crust is between lom and Scm thick, and is readily broken
up into rip-up clasts (Shinn et al., 1965). The Arabian Gulf
penecontemporaneous dolomites are forming in supratidal sabkhas,

as 'true' ordered dolomite (Illing et al.1965), replacing aragﬁnite,
and decreasing in extent of dolomitisation with depth into the
supratidal sediment wedge.

The lack of sabkha sédiments'assooiated with these Asbian
dolomites preclude their formation in an Arabian Gulf situation.
Deffeyes gj_gl..(l965) emphasised (p.87) the need for increased
Mg/ba ratios with respect to normal sea water to form proto-
dolomite. Precipitation of calecium sulphates increases the Mg/Ca
ratio in the Bonalre example, allowing evaporative pumping
(Esu e Siegenthaler,1%9;1971 ) to provide a seepage-transport mechanism
for replacive dolomitisation,

Bose (1979) recognised that compositional variation and
permeability controlled selective dolomitisation, theredy éooounting
for calcitic intraolasts and clasts only partly dolomitised on-their
outer margins, He (op. cit. p.688) also recognised that 'fossil'
counterparts of penecontemporary ‘'dolomites' have a coarser orystal
size, "explained by'aggrading recrystallisation of the original
dolomicrite", and that 'dolomite' may be directly precipitated as
void-filling cement as a secondary process to replacément., Graf
and Goldsmith (1956) suggested that many ancient dolomites may have
gone through a slow reordering phase from original protodolomites.

Protodolomite can only form if the Mg/Ca ratio exceeds

5-10 3 1 in hypersaline environments, whereas at reduced salinites
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it is able to nucleate at Mg/Ca ratios approaching 1 i1 1 (Folk &
Land 1975). Gebelein et al (1975) provided
a model for the formation of protodolomite in a mixing-zone
environment betwsen fresh~water phreatic lenses and the marine
phreatic zone on Andros tidal flats. Deffeyes et al. (1965)
suggested that refluxing dense brines (with a high Mg/Ca ratio) may
be fesponsible for more pervasive 'secondary' dolomitisation, where
overlain spatially by an emergent, evaporative terrain. Zenéer
(1972) however pointed out the pit-~falls of applying & .supratidal
penecontemporary model to many ancient dolomites.

The Tynant locality dolomite contains many petrographic’
features diagnostic of peﬁeoontemporary formation,. Its position
(see fig. 47 ) towards the top of a shoaling cycle, intimately"
associated with cryptalgal fabrics substantiates this claim. iateral
extent is estimated in hundreds of metres rather than kilometres,
showing that it is a rare localised event.

Reports of other ancient laminated dolomite calcite sediments
include the Ordovioian New Market Limestone (Matter 1967) Mississip-
pian carbonates by Schenk (1967). Triassic loferites by. Fischer
(1975) and the Lower Devonian Manlius formation (Laporte, 1975).

At the-tops of other Tynant Formation oycles, dolomitisation
ocours on a more pervasive scale, with 20 to 200pm dolomite rhombs
scattered to dominant. Thers is no significant evidence of a pene-
contemporary origin for these, although association with fenestrated’
MA.1 erosive surfaces and similarty with s/m 192 type dolomitisation
suggest that an early, diagenetio origin cannot be ruled out (see
Chart 4). ; |

The lack of assooiated evaporitic minerals and evidence of
their format£on suggests that hypersalinities did not exist.

Bourrouilh (1978) noted that tidal ponds of Andros are alkall hyper-—
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sodic (through dissolution of carbonate and organic de;omposition
(Gebelein 1978) ) and therefore not capadle of preoipitating
gypsum, Although MA.1.2b resembles recent storm deposits on
supratidal flats and levees (Shinn et al., 1969; see section .

6s 64 3+ ) there is no evidence of desiccation, however evapor-
ative pumping may keep sediments damp, whilst nucleating (proto-)
dolomite, Hardie and Ginsburg (1977 p.59) noted that desiccation
ocracks may be absent from supratidal sediments. If the preocipit-
ation rate was high enough to produce fresh water lenses (the
presence of karstic erosion features and lack of deep calorete
profiles suggests that this was so throughoué much of the Asbian)
on tidal-supratidal flats then dolomitisation may have ocourred

in a mixing zone environment (Dofag—type.model of Badiozamani (1973))
as suggested by Havard and Oldershaw (1976) for their Devonian
dolomitic facies, This is further supported by e/h 1511 in which
incipient dolomitisation may have ococurred bensath an actively form-
ing calcrete orust. Calérete ocrusts formed in supratidal environ-
ments associated with plant colonisation.i M;teorio intestitial -
waters are obligatory in calcrete environments, but in this example
proximity of marine phreatic waters is likely, therefore pfoviding
an ideal mixing zone situation.

Isopachous Acioular, Bladed and Equant Cements

(Terminology following Havard and Oldershaw (1976) ).

This cement type ocours within both MA.1 and MA.3 sediments,
lining primary and penecontemporary cavities, It is often assoo-
jated with micritioc cements and rarely with vadose dripsione fabriecs.
When internal sediments are present it may underlie, overlie or be
interbedded with them (e.g. 8/m 1325, Sychiyn Member).

The orystals are olear to dusty non-ferroan caloite, and

normally about 40pm long by 20-30pm wide, (maxe 500pm fringe in
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s/m 1215, Whitehaven, Sychtyn Member), all similarly orientated
(centripetal to the cavity), some equant with bladed t;rminations,
and others retaining acicular forms marked by elither micritio cement
or drusy spar (Plate 8, fige A )e Their distribution is very
localised (e.gs in s/m 1456, where only & few irregular fenesirae
show thé rim upon a thin venser of geopetal silt.), These bladed
cement fringes occasionally have indistinct thickening on cavity
roofs. Thie cement fabrio is morphologioally similar to many
Recent beach-rock high-magnesian ocalcite cements (Tietz & ¥uller,
1971) -

The problem rests on whether or not the crystal/bavity inter-
face can retain the orystallographic form of the original cement.
In s/h 092 (MA.3.3. microfacies) fine aciocular terminations are
preserved in a micrite cement coating, whereas in s/h 1590 bladed
terminations are similarly preserved. Bladed terminations mostly
ooccur when this cement is cocated with crystal 811t but retain
acicular form when overlain by coarse spar druse. This therefore sug-
gests that tﬁe primary orystal morphologies were acicular and that
subsequent recrystallisation converts the ecrystals to bladed
morphologies, Some of the bladed fringes may, however, ﬁe primary.

Fine acicular terminations'suggest an original high-magnesian
calcite or aragonitic mineralogy. Isopachous fringes suggest form—
ation from phreatic solutions. Interposition with vadose internal
sediments indicates sequential variation betiween vadose and phreatio
oonditions, presumably due to intermittent rise in the water table.
Badiozamani et al. (1977) showed that under laboratory ‘phreatioc'
conditions Mg++ ions favour pfedipitation of fine acicular calcites,
whereas euhedral bladed to equant caloites were formed in Mg++

deficient pore waters, Hanor (1978) showed experimentally that

30pm low Mg caloite cement rinds were formed from mixéd meteoric—

Plate 8, fig. B



PLATE 8 Early Ceceants,

Aoioular (non-ferroan) cevent rim to fenestral cavity
within MA.1.1, 8/ 2564, Tynant Formation, Fronoysyllte
Ge R, SJ 26984199

Fringes of equant and bdladed clear oaloite interbedded
with internal sediments. 8/5 1325, Syochtyn Xember, Craig )
Sychtyn, G. R. SJ 233261,

Early (ferroan) acioular cement fringe, overlying an
isopachous fibrous fringe, s/m 2563, Tynant Formation '

C.R. ST 26984199
S.E.¥, photomiorograph of aciocular cement of fige Ce

Irregular coating of dense (pale) micrite cement vithin.
and external to a gastropﬁd. Cementation predates geopetal
silts., Note insorporation of ostracod and thickening of
cement on cavity bases. Tynant Formation, s/m 027 Tynant
Gs Re ST 22064533

S.E.M, photomicrografhs of isopachous cements to fenes=
tral margins, comprisings an inner (dark) fringe of silt
grade cement (?from an acicular precursor); an outer (pale)
fringe of structureless micrite (equivalent petrOSTBPhi°ally
to micrite cement of E). S/m 1498, G.R., SJ 22014552

Merospeleothemic cements (miorostalactites and micro=
stalagmites) within fenestral oavity, Note microspeleothem
"drowned" by geopetal silts, and dark (clay replacement)
centres to the miocrospeleothems s/m 1590, Froncysyllte
G°R?L$J 26984199 Tynant Formation.
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marine waters by COo, degassing. It is probable that some Dbladed
Asbian rinds were precipitated in a meteorio phreatic éone (and
hence low Xg calcite is the most likely mineralogy) due to their
intimate association with both vadose crystal silts and dripstone
cements., Conversely the acicular ffinges may be relicts of
marine beach-rock type cementation(see section Te3e562 )

At G.R.SJ26984199 (Sychtyn ¥ember s/m 2563), an early ferroan
isopachous acicular rim supersedes fibrous curtain cements liAing
fenestrae, as 200um fringes contiguous with later non-ferroan coarse
equant druse (Plate 8, fig. C ). Whether the cement is primary or
a replacement of an earlier high magnesian calcite (Richter and
Fuchtbauer 1978) is not olear. As a primary (bresumgbly low magnes-

‘ ian) ferroan caloite, it would have to be precipitated from reduoing
phreatic waters. Association with i1llitic replacements implies '
that ferroan pore waters were available. Oldershaw and Scoffin
(1967) showed an association of ferroan cements with argillaceous
sediments and Richter and Fuchtbauer (1978) suggested clays as a
likely iron source.

Subaerial weathering of Lower Palaszoioc litharenites and
argillites may have charged meteoric waters with iron complexes.

The association of an overlying karstic surface (fig. 48 ) indicates
that subaerial erosion (and weathering) ocourred penecontemporaneously

and association with vadose cemsnt fabrics indicates that meteoric

waters were present,

644410, Barly Yicritic Cements.

These cement rinds also occur in MA.3 lithologies, but are
rarely developed in association with bladed isopachous cements in
MA.1 and MA.4.1 (Plate 8, fig, F & G ) lithologies. They are

isopachous, but ocoasionally have an irregular void rim coating,
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usually being thicker on cavity bases (Plate 8, fig.E ). Idoritiec
cement manifests itself as a dense laminar coatihg.lining psnecon-
temporary cavities and diffusing around oclasts inio the adjacent
sediment. On polished surfaces this appears as a darker rim, The
S.E.M, reveals 1 pm to 3um granular orystallites (Plate 8, fig.,F ).
Micrite cements (high magnesian ocaloites) are known from many
examples of recent beachrooks (Tiez & Muller, 19713 Moore, 1971);
Fursioh (1979, pl6) has described similar cements from Jurassic
submarine hardgrounds. Havard and Oldershaw (1976) noted the
presence of micritic rim cements lining pores and interlaminated with
béth isopachous and miorostalactitic cements, Théy (ope cite,p.62)

compared them to calorete micrites (James, 1972). These miorite
cements lack calcrete pigments but resemble the pisolite miorite

(section 6. 4.1). This cement fabric is, therefore, probably of
'beach-rock' origin. '
6e4e11e Curtains and Microspeleothems.

Miorostalaotitio, microstalagmitic and ocurtain (sensu Purser,
1975) cement fabrics ococcur at two localitieét in MA.1 microfacies
(s/m 1590 and 1102, G.R. SJ26984199 and 5325202500 respectively).

The microspeleothem cements grew into large irregular fenestral
cavities from an original 200pm to 300um curtain and isopachous fringe
of fibrous cement (Plate 9,-fig. c). The cement'fdbric is contin=-
‘uous and interlaminated from curtain to mio£OSpeleothem.' The cement
varies between inclusion dense milky laminae and clearer insclusion
deficient laminas. The inclusions are < lpm, have_not been discer—
ned under S.E.M, and impart a vague pseudopleochroism to the host
cements Thers is no indication of radiaxial twinning. ‘

The curtain and isopachous fringe has ostracod carapaces
incorporated within,

The microstalactites have bulbous, rounded basal terminations

and are <l.5mm deep. Miorostalagmites are less well developed,

+immediately underlying the Mesothem D5a/I5b bowdary of Ramsbottom(1977).
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primarily due to their.early &rowning by thin veneers of internal
sediments. They interlaminate with this internal sediment indica-
ting thelir contemporary formation.

The bulbous nature of the miorospeieothems reflects the
dominance of curtain cementation,with only localised discontinuous
overgrowths of true speleothemic cements within and upon this ourtain
fabrio (Plate 8 fig, H ). 1Miorostalactitic and curtain cementation
ceased due to eventual drowning by internal crystal silts.(Plafe 9,figh)

The presence of inclusions within the curtain and microspeleo-
themic cements indicates a likely different mineralogy for the primary
cement (n0w,prasuma$1y low Mg calcite). Both aragonitic (Schneiderman

et.al, 1977) and dolomitic inclusions (Meyers & Lohmann, 1978) within

cement fabrics have been used to predict precursor mineralogies. High-

g, caloite may invert {o low-lMg caloite, whilst retaining dolomitic
inclusions, Due to the unlikely precipitation of aragonite in a
vadose (meteorio) situation (this is borne out by the presence of
soll profile features associated with these dripstone fabrics (prim-
arily their partial replacement by clays ) ) high-Mg calcite is a
more probable primary mineralogye. .
Miocrospeleothemic cements attest to an ‘evolved*' vadose

environment, primarily by their association with well -developed

palasokarstioc features, It is significant that the palaeckarst

. associated with these cements has no calcrete profile (fig%48 ),

6040120

~4.12.1.

-and represents prolonged (?) emergence on the Mesothem D5a, D5b

boundary. (Fig. 49)

Palaeopedolbgical;phanomena

CALCRETE STRUCTURES. At G.R. ST 22204669 in the Tynant
Formation, immediately underlying a cycle boundary, tubular fenesiral

structures are 1ined with calorete miorite (these structures are
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PLATE 9

Microstalaotite drowned by orystal silt. Note
preforential clay replacemont within laminae of mioro-—
speleocthenm and along outer margins. S/m 1590, Tynant

Formation, Fronoysyllte, G. R, SJ 26584199

Curtain cement in fenestras associated with mioro-
speleothems (B). Note dendritic olay replacement, Base

and margins of fensstrae have coarse olear spar druse (D)

S/m. 1590

Fidbrous ocurtain dense with inolusions showing growth

lamination a/h 1590

: . .
e A e by st s s aiendl Sl Mt s T s oa

Pisolitic grainstons. Pale dense miorite ooatifls8 to
| %
grains, no obvious vadose form, MA.l.2ae S/h 1494, Tynan

Formation, Tynant, G. R. SJ 21994561,

Deep vertical tubular fenestras within MA.l.l. Note
admixing of clays (black) from above down the open tubule

system, and into lateral branches, S/m 1472, Sychtyn Member,

Cra.ig y Bhiw, Ge Re SJ 23629.50'
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discussed fully in chapter 11).
In 8/m 1511, a laminated calorete crust is developed within
MA.lole  As this is a loose soree fragment, there is no direct

evidence to show Tynant Formation origin.

DEVELOFMENT OF PEDS, Fischer (1964 § 1975) recognised peds
of "“ocompound-pelletoid miorite bodies of sediment" that were separa—
ted by irregular (fenestral) pore space.

The peeudointraolasfio texture produced by packing fensstrae
(Plate 6, fig. D ) appears as 100pm to 3mm interlocking sediment
'olots' of irregular shape, dependent on the degree of regularity
of the packing fenestrae, More laminoid packing fenestras tend to
produce more laterally elongate oclois,. |

Fitzpatrick (1980) described ped structures in modern soils

of very similar form (op. cite, p+100),with planes (sensu Brewer,
1964, p.196) interseoting in different directions and with varying
degrees of organisation, producing interlocking peds. Such peds
vary from 1mm to macropeds 4cm diameter. Sleeman (1963)
discussed the origin of planes within soils and attributed them to
shrinkage and expansion during wetting and drying, indicating that
larger planes only formed under very dry coh&itions, and that their
pattern depends on the kind and uniformity of the soil material and
the wetting gnd drying charaoteristioé.

Whether the clotting of these Asbian sediments is part of a
ped=forming process is unclear, but the formation of packing

fenestrae suggesta'a related process. No glasbule (eenéu Braithwaite

1975, D7) structures have been observed in MA.1 lithologies,

”

S

Clay Transport within and into MA.1 1dthologiess

At G.R. SJ 23602955 in irregularly fenestrated MA.l.l clay
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PLATE 10

S.E.X. photomicrograph of irregular clay replace=
ment of oarbonate within the microspeleothem / ourtain
cement fabric of s/m 1590, jm below Mesothem D5a / D50

boundary, Froncysyllte, G. R. SJ 26984199 .

EeDeAcX, X~ray analysis of element distributions

within the field of fig. A.
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material oécurs admixed with the upper 4cm of the bed (specimen
1472), and partly fills deep-penetrating tubular fénes%rae as
internal sediment, but does not line void walls and is itself over-—

. lain by a pure carbonate orystal silt (Plate 9y fige E ). Within

the sediment the clay material is ooncentrated in vertioal.and
horizontal sediment filled pipe (pedotubules BeBe Of Brewer (1964,

pe 236) ) forms. Towards the upper bed surface the clay is homo-
gonised. Notably fensstral cavities (both irregular and tubﬁlar)
cross~cut pipes and localised zones of clay concentration indicating
that clay admixing started before fenestra formation.

This admixing can be directly. related to the devéloPment of
a soil profile on the immediately overlying cycle top, and root-
activity penstrating the partially lithified sediment (probvably due
to desiccation rather than cementation). This model indicates that
some tubular fenestras are produced by supratidal macrofloral
colonisation.

Associated with the vadose cement. fabrics described in
sections 6.4.11 and 6.4.12. clay gamixing from overlying 'wayboard'
clays (associated with palasokarsts) ocours. This takes the form ofs
i) internal sediment replacement and infill of fenestral cavities,and
ii) partial replacement of the early cement fabric by oryptocrystél—
line oclay. This latter example is i1lustrated by fig.5o, and plate
8y fige B o X.R.D., and ScE.M, with E.D.A.X. (- see Plate 10 )
analysis shows this oclay to be dominantly?unorientated illite, with a
subordinate mixed-layer illite-smectite tail to the 103 poeakes The
replacemont is preferential along gr&wth zones within the fringing
cements, and is dendritic in distribution, with thin olay fingers
branching centripetally to the cavity but totally enclosed by the

early cement. The degree of cement replacement decreases towards

outer surfaces of the cement fringe., In the crystal silts, olay
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coats the silf grains, and is more pervasive towards the base of
these silt-fills. -

Associated with the illitio replacements are very clear
ferroan calcite druses (zoned more ferroan to druse centres) (see
Plate 9y fig. B ). These areas are arranged towards margins of
fenestras, within or on the base of internal olay sediment fills
associated with i1litic infills, and intimately associated with
clay replacements of cements. |

Formation as & normal illuviation cutan (deposition from
solution or suspension on natural surfaces within a soil) is im-
probable as this necessitates clay deposition synchronous with the
‘carbonate cement., Clearly the replacement fabric precludes this.
Broewsr (1964 ) desoribed quasicutans (subcutanic features that have a
consistent relationship with natural surfaces within soils, but do not
occur adjacent to or on these surfaces) that form by diffusion or pre-
cipitation internally within a soil plasma. Precipitation from
solution is the most probable origin for the oryptocfystallinq clay.
Presumably the solutions moved along orystal interfgoes by capillary
transpori, and preferéntially precipitated the K-Al hydroxysiliocate
along certain zones (eog. zones of high inclusion density, or fine
miorite laminae, where higher crystal interface surface areas may have
acted as a catalyst (?). )

The clarity and apparent void-fill cement nature of the
ferroan calcite suggests that a degree of dissolution occurred prior
to its precipitation, It is at this stage that silicate-bearing
pore-waters may have partially replaced the carbonate cement, Ferroan
calcites are often indicative of later stage evolved phreatic waters,
although Richter and Fuchtbauer (1978) opined that argillaceous sedi-

ments may provide a ready source of iron to enter solution, As

fenestral cavity infills are non-ferroan spar druse (zoned to slightly
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ferroan centres) they became Gemented at an earlier stage than the
dissolution-replacement ferroan cﬁlcite, which could only be precipi-
tated from pore waters marginal to the now impermeable fensstral

‘amygdale'.

Early diagenetic cherts

Lenticular, ~ 10om thick chert bodies are rarely associated -
with MA.l. 1ithologies in the Tynant Formation (Chart A). As they

are more pervasive in MA.2, 1lithologies, they are discussed in

chapter 7.
6.5+ PALAEONTOLOGICAL ASSOCIATIONS OF PERITIDAL SEDIMENTS.
6.5.1. Maorofauna
6.5.1.1.A. CNIDARIA. Within only MA.l.l1 microfacies fragmented and

abraded fragments of corals are rarely found in microscopic analysis.
They are always partly micritised; and may ocontribute to the unidenti-
fied mioritic feloids ubliquitous to all MA.,1 microfacies.

B. PORIFERA. Chastetid sclerosponges are a very rare ocomp-
onent of Tynant Formation MA.l.l1 microfacies., They.are of bulbous
form ( ~ 10cm diameter), are not preferentially.orientated and often
have eroded margins,

C. BRACHIOPODA., large chonetid brachiopods (Daviesiella

1langollensis)and rare Linoprotonia productids ocour within MA.l.1l.

microfacies in the upper oyoles of the Tynant Formation (e.g.s/h 197).
They are usually in life position, with both valves intast, but do not
ooour in the abundance sesn in MA,2 and MA.3, In the Sychtyn Member,

athyrids of the Composita group ocour locally in quantity in non-

‘fenestrated MA.1.2a microfacies (e.g. 8/m  1075). This Composita

dominated asseﬁblage is a oharacteristioc featurs of the Sychiyn
Member.

Do MOLLUSCA., o Gastropod dominated assemblages predominate in
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MA.1 lithologies. Although their identification is mostly resiric-
ted to sectional charasters, (due to extrastion difficﬁlties of.
Batten (1966) ) approximate diversity counts show that up to 4
morphologlcally distinct forms oocur in association. They are
significant sediment contributors and often remain unfragmented.
Bivalves are relatively scarce, and when present are usually small,
recognised only petrographically.

Mollusc distribution, nevertheless is sporadic. Some.units
have relatively little gastrofod material, whereas others contain
greater than 5% volume (see appendix 1V ).

E. ECHINODERMATA, Occasional crinoid oscicles are present in
MA.1l lithologies, but are normally abraded and micritised to varying
degrees. Echinoid spines occur in MA.l.l., as a minor sediment
contributor.

6.5.2.}acroflora

Carbonaceous films and poorly preserved plant and wood remains
commonly ococur scattered within and upon beds of MA.1 lithologies in
both the Tynant Formation and Sychtyn Member (e.g. s/m 020).

6e5.3.Microfauna and Microflora

A. ALGAS,

Calcispheres. Throughout MA.1 lithologies calcispheres are
significant sediment contributors (up to 26% by volume — Appendix 11).
They are diverse morphologiocally, but partiocular forms ococur through-

out the Asbian, especially Pachysphasra spp., Palaeocancellus spp.,

Polyderma sppe. and Quasipolyderma sp .- The thick walled

Vicinesphaera and spinose Parathurammina are also common in MA,l

lithologles.

Red Algas. Red algas play a less important role in MA.1

than in other Asbian microfasies associations. ﬁ(Epistacheoides sp

and Ungdarella 8p are'rare elemenis of MA.l.l microfacies.
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STANDARDISED PETROGRAPHIC DIVERSITIES OF MICROFACIES ASSOCIATIONS.

TOTAL MACROFAUNA MICROFAUNA MICROFLORA
SEDIMENTS DIVERSITY DIVERSITY. DIVERSITY DIVERSITY.
Eglwyseg/Llynolys
Formation 17. _‘_"_ 4.3 5.9 _'!'_ 1.6 500 _t 205 6.1 _"‘_' 2.0
M.A. 3
Llanymynech A
Member 1807 i 2.6 600 i 1.3 508 _'_"_ 304 700 _‘t 106
M.A.B. s
B
Sychtyn M'br/Tynant
Formation. 157 + 3.2 3.7 # 1.1 4.9 + 2.1 Te1l + 0.9 I
MA.3. A
Tynant Formation 15.0 + 4.4 5e1 + 1.4 4ol + 14 6.0 + 2.6 N
MA.2
Sychtyn M'br/Tynant
Formation TeT + 344 1.9 + 1.9 2.0 + 1.4 3.8 + 1.3
MA.1. '
Trefor Formatlon 18.1 + 3.0 6e3 + 1.6 6.3 + 0.8 5.5 + 1.4 g'
MA.3 I
G
Trefor Formation ' ) ¢ p A
MAL2 23.0 + 2.5 9¢1 + 1.3 CTe§ £ 1.2 0+ 1, N
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I
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Green Algas. Dasycladacean algae are represented by minor

occurrences of Koninkopora sp.. They do not appear to be indigenous

to this miorofacies association. The beresellids, represented by

Kamaenella denbighi Mamet and Roux, are ubiquitous to MA.l.l and
MA.l.4 but are rare in other MA.1 lithologies.
B. OSTRACODS.

Ostracods are ubiquitous to all MA.1l microfacies,
They are only locally significant sediment contributors (in MA.I.I).
C. FORAMINIFERA.

Endothyrid foraminifera occur as a minor component of
MA.1.1 and MA.l.4 microfacies. They may oontribﬁte to the micritic
structureless peloids of ‘MA.l.2. Archasdiscids and others.have been
recognised as trace components. |

Diversities.

Standardised petrographic diversity counts (sensu Smosna &

Warshauetl978), inoluding all organic components are shown in table 5 .

6.6,

A1l groupings are low compared to the range of other microfacies
associations (mean 7.7 +3.4 , maximum 14 population of 10 ). Mi.l.1
microfacies have the highest average, bDolstered by higher macro-
faunal diversities compared to other MA.l. miofofacies (maximum 6).
Miorofloral diversities have the highest mean (3.75 #1.3), but are

lower than MA.2 and MA.3 microfacies associations (see table 5 ).

PALAEOENVIRONMENT INTERPRETATION
Peritidal carbonate facies ara well documented., Thelr recog-
nition depends on the presence ofs

1) Emergence indicators - fenestral fabrics; desicoation cracks
and contemporary vadose diagenesis

2) A suite of sediments direotly comparable to Recent peritidal

environments

3) A faunal assemblage of 'restricted' character compatible with
known peritidal environment limitations.



6.6.1°

Generally N'and '2' have less inherant ambiguity than '3'.

From the work of Black (1933) Cloud (1962) Shimn (1968);
Shinn et al. (1969); Kendall and Skipwith (1969); Loganet al,
(1974 b) and Hardie (1977) the anatomy of recent carbonate peritidal
acoumulations may be directly compared with the fossil feoordm

Recent carbonate tidal flats have three broad environment
divisionss an outer zone that proteots the tidal flat, either a.
beach ridge, a broad sublittoral platform, or a barrier islan&/ieef/
beach ridge oomplexj an intertidal flat, transected by tidal chan-_
nels and gulleys, and some with tidal pondsy a supratidal zone
dominated by algal marsh, or sabkha. .

Thfee major ocontrols affect Reoept peritidal acoumulationss
the geometry of underlying bedrock, the olimatology of the region,
and the local hydrographye.

Three major sedimentary processes operating on these deposits
are the growth and sediment trappiné by algae, storm sedimentation
from suspension-charged waters and the growth and death of indigen~

ocus organisms, both animal and plant,

PALAEOENVIRONMENT SIGNIFICANCE OF MICROFACIES ASSOCIATION MA.l.

Caloisphere Mudstone +o Packskone (MA.LI)

The homogendus to poorly laminated nature of this lithology
implies that mucillagenous algae (producing ocryptalgal fdbrios)
were not significant sediment.trappers, and for that bioturbation
was predominant. Vague mottling supports this latter statement
(Moore and Soruton, 1957). Although fenestral fabrics are common
in MA.l.1, their equally common absence supports & subtidal to
intertidal formation. They commonly grade into the underlying
MA.2 1ithologies, implying a gradual lateral iransition across their

facies boundaries. The progradational model of sediment acoretion
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demands that 'Walthers Law' (sediments deposited in laterally
adjacent environments will be found vertiocally aupérposed in the

geologioal record) is obeyed.

LIME MUD AND CALCISPHERES — SOME IMPLICATIONS Lime mud in
most recent tidal flats is aragonitio. Its origin is still in
dispute, but it is certain that calcareous algae and other skeletal
components contribute substantially to its formation (Maithews, 1966}
Stockman et al.1967, p.162)e Neumann and Land (1975) estimated that
in the Bahamas aragonite needles produced by green algae may ascount
for more lime mud than is accumulating, The inogganio precipitation
of aragonite mud (Bathurst, 1975, p.284-292) is 1likely to be a sub-
ordinate contributor compared with skeletal degradation.

The origin of Carboniferocus lime mud promotes speculation,
Juch silt-grade bioolastic debris is resolvable with very thin
sections, and with the S.E.M.. The < S5pm micrite component may
rarely be > 25%,

Bathurst (1975, p.278-279) emphasised that micritisation
strengthens a skeletal grain, thereby producing carbonate sand
preferentially., Penicillus, an extant green alga, is the most
prolific lime-mﬁd producer in both Floridan and some Shafk Bay
énvironments, but there is no direct evidence of a similar Carbon-
iferous producer, However, calcispheres are dominant elements of
MA.l sediments, Tﬁeir affinities have been disputed. Stanton
(1963) suggested they were plant spores or reproductive bodies whilst
Conil and lys (1963), olassified them within the foraminifera.

Rupp (1967) likened them to reproductive cysts of extant acetabul-
arian dasyclads, followed by Marszalek(1975) and supported by Wray
(1977, p+104)e Fragmented Asbian caloisphere cysis coniribute to

the degraded bioclastic silt and may be a significant lims-mud
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ocontributor, but the thallus of the hypothetical caloisphere plant
may have provided (even if only partly oalcified) é siéhificant
volume of lime mud, It is assumed that the calocisphere plants
were subtidal epiflora, and therefofg may have also played a major
role in sﬁbstrate stabilisation and mud trappings Calcisphere
dist;ibution within the microfaoiés associations indicates that the
plant most likely “inhabitated MA.l. 1 substirates and that these
sediments are therefore in part subtidal. Marszalek (1976) néted

that Acetabularia ‘calcispheres' do not survive'transportation,

although the distribution and apparent robustness of Carboniferous

forms suggests they ﬁmy have been transported considerable distances.
Calcisphere~dominated lithologieg are known from similar

palascenvironment settings, from the Lower Asbian of Ravenstonedale

(this volume, p. 69 ), the Devonian of the Williston Basin (Wilson,

1967) Permian ‘restricted' marine platforms (Wilson, 1975, p.222)

and Cretaceous sediments (Lins, 1976 3 Flugel, 1978, p.226).

Marzalek (1975) stated that Acetabularia ocalcispheres occur only

'in shallow protected waters with partly restricted ciroulation.

Although the limitations of this palasoenvironment model were opined
by Lins (1976), there is a degree of correspondence between these

Asbian calcispheres and their recent counterparts. -

PALAEOECOLOGY AND TAPHONOMY OF MA.l.l. Ex£ant cerithiid
gastropods (e.g. Batillaria spp.) are dominant macrofauna elements
of Recent carbonate tidal flats. They graze on surficial algal
coatings, and are found especially within peileted lime mud
1ithologies. They ars partiocularly tolerant of fluotuating
salinities and periodic emergence (Bathurst, 1975, p«198).
Multispeoifio gastropod assemblages characterise MA.l.l.
It is the impoverished nature of other indigenous macrofauna which

indicates that abnormal salinities were probable.




6.6.24

646030

115

Periodic storms may bhave carried in other organisms, and
fragmented indigenous shelly debris, bioturbation éubﬁéqnently
destroying any laminated deposit, but fragmentation of indigenous
fauna was probably caused by bﬁth organism activity and oxidation

of organic compounds (Matthews, 1966),.

Unlaminated calcisphere-peloid grainstone/packstone (MA.1.2a)

The common association of fenestral fabrics with this'_
microfacies (irregular and laminoid forms) indicates that it was
mostly penecbntemporanaously emergent. The peloid nature may be
partly an early diagenetic ped formation, with associated growth of
packing fenestrae,. The presence of?stacked, concave-up fenestrae
sets indicates 'pustular' algal mats proﬁaﬁly formed and were grazed
by gastropods. lany of the peloids resemble larger calcispheres
in size and shape. Logan, Hoffman and Gebelein (19748, p,152)
noted that pellets are common grains in oryptalgal sediments, formed
by the diagenetic alteration of algal~trapped carbonate grains to
cryptocrystalline micrite, by endolithic algal aotiyity (Bathurst,
1966). A similar process is envisaged for formation of MA.1,.2a,
as an intertidal deposit. “Bioturbated pelleted lime muds ococur
subtidally on Andros (Ginsburg and Hardie, 1975,p.206) and provide

a recent analogue for non-fenestrated MA.l.2a.

Laminated calcisphere-peloid grainstone—packstone (MA.1.2b)

Similar deposits ocour in Bahamian peritidal environments
prone to intermittent flooding and exposure gcinsburg and Hardie,
1975, p.206). These sediments oocur on levee oresis and backslopes,
inland algal marshes, and beach ridges (Shinn et al., 1969). The
presence of penscontemporary dolomites assooiated with this mioro-
facies is significant. Hardie and Ginsburg (1977, p.59) described

similar graded peloid micrite coupleis on levees. The lack of
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evidence for presence of psnecontemporary gypsum implies that
dolomitising pore-waters were < 65%csaline and therefore dolo-
mitisation oould ocour at relatively low Hg/ba ratios(< 10 accord-
ing to Folk and Land, 1975). The presence of well-formed early
cement rhombs as well as the micrite grade carbonate replacement
remains an enigma, although Koocurko (1979, p.211) noted the form=-
ation of 2.60ym rhombioc dolomite cements by spray zone brine seep-
_ age and Gebelein (1978) advocated pervasive dolomitisation in.
meteoric-marine tidal flat mixing zones.
Graded laminae form by deposition from suspension during
flooding, but its preservation relies upon non-bioturbation.
Schenk {1967) described laminated nondolomitic pelleted,and dolo-
mitic bituminous sediments formed by storm-tide activity from Mississ—
ippian strata, associated with intraclastic laminas. MA.1.2D
formed by periodic flooding of the tidal flats during high tides or
storms, (Ball et al, 1967 ) | with erosion of lithified
carbonate crusts and contemporary resedimentation as intraclasts.
Sedimentation may in part have been induced by algal films binding
the particles (their presence inferred from laminoid fenestras and
associated micritic oryptalgal laminites) « Hardie and Ginsburg
{1977, p.94) found that no astronomic tides carried sufficient
suspended sediment on to the tidal flats to affect sediment
deposition. Colonisétion by tubular fenestirating organisms, in

this instﬁnce possidbly supratidal flora, occurred subsequently.

646e4e Cryptalgal laminites (MA.1l.3.)

Fine mioritic laminae, with much < 20pm detritus, laminoid
fenestrae, and associated disruption with intraclast breccias
indicate formation by binding activities of mucilagenous algal mats

in a high intertidal to supratidal environment (Logan 1961, Black 1933).
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The presenée of fine detrital quartz’ribh laminae suggest
that wind may have been a minor transportation ageht (éon exposed
bigh tidal flatse. )

Recent domal smooth mat equivalents to the LLH stromatolitic

forms of this sequence occur in lowér intertidal zones of Shark Bay
(Logan et al 1974a).
6.6.5. Laminated beresellid calcisphere mudstonq:packstone(MA.1.4)

This miorofacies is characteristically non-fenestrated. It
lacks a stenchaline faunal assemblage. It is here interpreted as
deposited in a subtidal environment of restricted circulation,
(sensu Wagner and Togt, 1973) and without any infauna to disrupt
the lamination. Lamination may refleof either periodic beresellid

blooms or tidal/btorm sedimentation.

6.6.6. Clast supported conglomerates.

Associated with fenestrated MA.l microfacies and S.D. surfaces
" (chapter 11 ), these sediments resemble breocia intraclast pavements,
' but differ in not having a dominance of 'platy' clasts (Hagan and
Logan, 1974, p.10l1). A pre-requisite for their formation is a
lithified, or partly lithified and ooherent source sediment.
Although many recent intraclast breccias form by ig:giﬁg fragﬁent-
ation of the substrate and little transport,(due to cementation
expansion, growth of gypsum, and desiocation), a degree of transport‘
is likely for these Asbian conglomerates due to their subspherical
rounded gravel and cobble form., Hardie and Garrett(1977) describded
conglomerates of exhumed cohesive but unlithified and homogensous
pond sediments (pellet muds) formed at the base of beach oliffs
"(2.40cm relief) at the upper level of intertidal beaches on Andros.
Hardie and Ginsburg (1977, p.B88) attribute the erosion of this beach
0liff to 'wave action during storms) but note that the process is
enhanced by the 'Swiss Cheese' texture of the sediment produced by

burrowing orabs. As explained in section 11. 1 , S.D. surfaces,
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that underlie such oconglomerates, have varied bﬁrrbw features

that may further help the formation of these analogous sediments,
Burgess (1978) desoribed storm deposits from Fiji, 20

to 50cm thick, fining upwards,inoluding'bioclast€ up to 40cm

diameter in a matrix of 'highly variable allochems.' No fining

upward structure is apparent in these Asbian deposits,

EVIDENCE OF PALAEOTIDAL RANGE

* Klein (1971) provided a model for identifying palaeo-
tidal range in clastio tidalite sequences based upon recognition of
low tidal flat and high tidal flat sa&ments in 'fining upwards'
progradational sequences. According to this model, palasotidal
range was estimated as the stratigraphic thickness between these
tidal subenvironments. The ‘exposure index model of Ginsburg and
Hardie (1975) provides a basis for similar carbonate palasotidal
range analysis,

The presence of prograding fining upward peritidal cycles
within the Lower Asbian, allows application of Klein's concept
as a 'palasotide range guide line. This, howsver, neither takes
into account subsidence nor eustatic influences over the period
of progradation, but includes the joint influences of both meteor—

ologic and astronomic tides.

Palaeotide Predictions

ASTRONOMIC PALAEOTIDES. Prediction of astronomic palaso-

tidal range from palaeogeographic and chronological constraints

may, at present, only provide gross guidelines. According to
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de Klein (1971) and Sohopf (1980) the spectrum of palaesotidal
range has not significantly altered through geological time,
even though the effects of the Moon may have changed considerably
(Rosenberg and Runcorn, 1975).

Small enclosed epicontinental seas have (at present) low
tidal ranges (Schopf 1980) of the order of centimetres at maximum,

The palaeogeographic constraints of the Craven Basin to
the north and east of the study area, suggest that the astronomic
palaeotide contribution was the order of centimetres rather than
metres.

Meteorological tides were, therefore, probably of greater

significance on sedimentation than astronomic tides.

METEOROLOGICAL PALAEOTIDES. The major extent of the
'Craven Basin' (fig. 3 ) is about 100km extending north east from
the study area.

The two peninsul;cof St. George's land, (Cyrn y Brain and
Berwyn ‘axes') would have provided minimal protection from north
easterly storm winds, but would themselves have borne the most
severe storm wave effects from winds in these quarters.

Storm surges, caused by 'wind stress' would produce meteor—
ological 'tides' in coastal areas. Welander (1961) produced an
equation defining this storm surge amplitude which was applied by
Hardie and Ginsburg (1977) to the tidal flats of Andros .(Bahamas).

Whilst the overall fetch of the Craven Basin was approxim-
‘ately 100km, the shallow shelf reglon along the flanks of St,
George's Land was probably less than 15km wide, at least during
the early Asbian, These éonstraints suggest that at wind speeds
of 20m / sec. (a tropical storm by Recent Andros standards) meteor—
ological tides would.be produced of less than 1lm amplitude,

(cf. Hardie and Ginsburg (1977) ).
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Evigdence of palaeotidal range.

Sediment characters indicative of a high palagoti@al range
are absent within MA.l sediments. The lack of tidal channeis /
creeks within the peritidal sediments suggests that microtidal
ranges dominated ( < 2m tidal range) (Walker 1979, p. 58.).

Estimates of palaeotidal range using de Klein's method
are open t; problems of recognition both of multiple cyclicity up-—
on emergence (chapter 12) and of specific intertidal zone fabrics.
The fenestral palasocenvironments discussed in section 6.5., Buggests
that there is a degree of preferred sequential distribution of fenestral
fabrios, although palasocenvironments' of fenestrae are poorly defined.

Figs 9a& 43 indicate that in stratigraphic profile, fenestral
fabrics are variably associated from thin dense fenestral levels to
thick metre-scale sequences contaiﬁing scattered fenestras.

The occurrence of dense medium to small, irregular fenest-
rated units is, however, ubiquitous throughout the Tynant and White-—
haven Formations; Thege most distinctive levels vary from 5 to
40cm in thicknesse. They indicate an absolute minimum for palaso-—
tidal range, whilst absolute maximum ranges must be based on total
thickness of fenestral fabric sequences that are almost exclusively
< 2m thick. Apart from upper minor oycles of Mesothem DSa, all
MA.1 units themselves are < 2& thick, but many of these lack fenest-
ral fabrics and were probably in part of shallow eubtidal origin,

High enery erosive and deposition events within MA,]1 units
are relatively uncommon, (Fig. 43) suggesting large scale storms
were rare tidal flat modifiers, although the fine laminated MA.1.2
‘sediments may be analogues to Recent Andros storm deposited sedi-

ments on a frequent (seasonal) scale.
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6.8. SUMMARY AND CONCLUDING REMARKS.

The microfacies within Tynant Formation and Sychtyn
Yember depoéits are very comparable, and are atratigraphioally‘
arranged iﬁ a similar manner, in similarly structured minor
cyoles (see section 2, 1; 1 and-fig. 10). The sediments.are
readily grouped into four miorofacies .

The Caloisphere Wackestone microfacies assooiation (MA.1l)
is the characteristic upper phase of these cycles, is dominated
by calcisphere mudstone/packstone, (MA.1.1) and includes the
'Porcellanous limestones'! and 'caioite mudstones' of other workers.
Other minor microfacles recognised are oalciaphéfe-peloid grain-
stone / packstone (MA.1.2): oryptalgal laminite (MA.1.3)s and
laminated beresellid—caloisphere mudstone~packstone (MA.1e4).
These sediments represent a progradational'tidal flat' phase of
deposition, Penecontemporary ﬂolomites are_aséociated with these
miorofacies.ohly and bladed, <fibrous and micritic isopachous
early cements line some fenesiral cavitieé, especialiy near eros=-

ion surfaces and cycle boundaries.

Laminoid, irregular and tubular fenestral fabriqs are
recognised associated with MA.l, along with 'paoking fenestrae'
AGfined here as a fenestral fabric that imparts or enhances a.grain-
stone texture to the sediment, Markovian analysis of fenestral
étratigraphio distributions show that at >-90% confidence there is a
cyclicity in fabrics. The fenestral fabric relationship sequence isi

tubularj large irregulari small irregularj laminoid. In exceptional
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cases, assoqiated with omission surfaces, refenestrated fensstrae
ocour. Tubular fenestrae were formed mainly by dburrowing infauna,
although evidence of7plant rhizome systems indicates that they may
in part be supratidal. Large irregular fensstrae represent low
intertidal to shallow subtidal algal mat diagenesis, whilst medium
and small irregular fenestral fabrics apparently formed intertidally.
Laminoid fenestrae suggest high intertidal (with rare low LLHstromatolites
and supratidal environments. Packing fenestrae are assocliated
with irregular fed structures, and their formation mechanism may be
similar to the 'planes’ common in soil plasmas. No evidence of
desiccation cracks have been found. These fabric associations
attest well to the shoaling cycle model.

Along with the early cements, are grain supported, lime-mud
supported and orystal silt internal sediments indicating a complex
history of early lithification and vadose erosion. At two localities on
te Mesothem D5a/b boundary microspeleothemic and curtain cements
indicate early meteoric vadose cementation. Clays both replace and
are transported into MA.l sediments and cements, where they underlie
prominent palasokarst surfaces, and are indicative of so0il forming
prooesses; Penecontemporary dolomits cements and replacements are
depictéd as having formed in mixing zone environments on tidal and
supratidal flats, without any evidence of an evaporite association,
as in Recent Andros Island 'dolomites'.

( In recent sediments, gypsum precipitates above 65S/°°,salinities
although high alkalinities (induced by organic decomposition) may
retard this.)

MA.1 sediments have a low petrographic diversity(~8 +3), and
apart from molluscan material, macrofaunal clasts and indigenous

benthos are rare. Non-molluscan elements mostly show a degree of
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micritisation and are highly abraded , indicating transportation,
relative to the few indigenous elements. .

Caloisphere wackestones (MA.1.1) are interpreted as subtidal
to intertidal in origin (depending on presence or absence of fenestral
" febrios). The calcisphere plant may have both acted as & shallow
subtidal sediment baffle and stabiliser, and even if its thallus
was only partly calcified, could have contributed significant
volumes_of lime mud. The caloispheres (reproductive algal c&sts)
themselves contribute substantially to the sediment (up to 26% by
volume ),

Calcisphere-peloid grainstone/packstones (MA.1.2) are inter-
preted as inéertidal to supratidalideposita, with algal mat fabrics,
intense mm lamination locally (MA.1.2b), and penecontemporary
dolomites, that may be direct analogues with Recent supratidal storm
lamini tes, Centimetre—sized intraclasts are commonly associated.

_ Cryptalgal leminite (MA.1.3) is a minor microfacies, of fine
mioritic or detrital-clastic rich laminae, and is normally inter-
bedded with other MA.l microfacies, and may represent a high inter-
tidal to supratidal environment. .

Laminated beresellid-calcisphere mudstone-packstones (MA.1.4)
are rare subtidally deposited sediments, mostly occurring in the
Sychtyn lMember, and ind{cative of a faunally restricted environment.

MA.4.1 are normally associated with MA.l units, and may
represent erosion of coherent or partly lithified sediménts, either

by tidel action, or more likely, storms. Similar sediments oocur

in Recent Andros beach environments,

Low centimetre goale astronomic tidal ranges are suggested.
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7o SUBTIDAL DEPOSITS OF THE TYNANT FOREATION/AND SYCHTYN LEMBER

Microfacies represented within the subtidal sediment suite
of the Tynant Formation and Sychtyn Memberj

Argillaceous Alga Packstone Microfacies Assooiation (MA.2)
MA.2.1. 3Beresellid wackestone to packstone

MA.2.3. Calcareous shale .

Alga Peloid Grainstons Microfacies Assooiation (MA&:3)
MA.3.1l. Alga Peloid grainsione
MA.3.2. Bioclast grainstone
MA.3.3. faloid grainstone

Bioclast Peloid Rudstone Microfacies Association (MA.4)

MA.431, Bioclast Peloid Rudstone
(Yatrix Supported Intraformational Conglomerate (L.7.2))

.

T+1. DISTRIBUTION AND FIELD CHARACTER OF MA.2.

Alga paoksfones are dominant lithotypes occurring towards
the base of minor cycles with MA,1l. upper phases. They also occocur
within the Llanymynech Member, the Eglwyseg and lLlynclys Formations.

- and are dominant Trefor Formation lithologies. In the Tynant
Formation they may contribute up to 50%,of the measured section
(see chart A ), tut are minor mdorofacies of the Sychtyn Member.,

Characteristically they are thin (5 to 80om) parallel to
wavy bedded lithologies, often dark grey to black with variable
ar8llaceous content. They grade into calcareous sha.lves, which
are here included within MA.2,, into calcisphere wackestones

(MA.1,1) and into MA.3.1. Typically they may be interbedded

with or underlie MA,3 lithologies. They are always associated
with a stenohaline faunal assemblage. .
T.2. PETROGRAPHY OF MA,2 SEDIMENTS

T.2.1. Petrography of MA.2.1. Beresellid Wackestone to Packstone

This is the dominant microfacies within the lower cycles
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of the Tynant Formation, but occurs to a lesser extent in the
Syoﬁtyn Member. With increasing proportion of caloispheres and
relative deorease in other algae lA.2,1 grades into lMA.l.1l.

The sediments are variably argillaceous and grade into
VA.2¢3. They may be millimetre laminated and break into 'flags’
along partings, or more commonly homogeneous, Clast sizes are
~variable, but normally < lmm, ﬁarely they are ripple oross
laminated (Plate 11, fig. A ).

Compositionally, maorofauﬂal elements are minor but
variable components. Brachiopods, orinoids, tabulate corals and
gastropods may be each a locally significant sediment contridbutor
(up to ;O% by volume)., Echinoid spines are ubiquitous.

Algae are the most significant sediment contributor

(av.76 £ 12% of recognisadble biogenic components), and primarily

the beresellid Kamaenella denbighi in the Tynant Formation, that

can locally account for 65% volume of rock. Girvanella thalli,
dense along certain laminae probably were sediment binding agsents
(eege s/h 006, Tynant Formation, Tynant). Both green and red
algae are diverse (see section Te 2¢6¢3.).

At times foraminifera are major components. Ostracods
are ubiquitous, Crinoid fragments may reach 4mm and be relatively
unabraded.

Mioritisation of clasts is not common. MNost fragmentation
is high and rounding is low. Non mioritised mioroborings (c. 20pm
diameter) extend into a few bioolasts, (Platell, fig.D ).

(e.g. 8/m's 243, 249, Tynant Form'n),

Macroflora carbonaceous films and rare pinnules ocour along

bedding planes,

Bioturbation and burrow-fill stiructures are rare, but

visible as areas of grainstone texture or of greater mud content



PLATE 11 Argillaceous Algs Packstons liorofacies

Assooliantion

Ripple laminated )A.2.le s/m 004, Tynant Formation,
Tynant, G. R. ST 22034535,

Beresellid packstone lA.2,1,
. Small tubular elements within the mati-
rix are Kamaenslla denbighi, 8/m 248, Tynant Formatione

Calcareous Shale (MA.2,3) s/m 016, G.R. ST 22064534

Clast of pseudopunctate brachiopod pervaded by branch-=
ing borings s/m 243, Tynant Formation G. R. SJ 21964572.

Yicrostylolitic ‘compacted' bdiococlast packstons ,
MA.2.2, The original texture may have been grainstone.
s/m 195, Tynant Formation G. R. SJ 23424947.

Acicular cement fringe to lumen ocavity of chastetid
spongs. 8/m 2525, Tynant Formation, G. R. SJ 21974581.

Beresellid packstone with chaetetid (C) and Daviesiels

llangollensis (D). Note presence of thin valved Linoprotonis

sp within the sediment and burrow forms (dark) rich in argill=

aceous material. s/m 1041,, Tynant Formation G.R. 5321954572

+

S/m 1041. Compaction feature around vertiocal brachiopod
clast . Note turning of laminae to subparallel

the clast near its margins. Total compaction ~50$ .
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within the packstone (e.g. s/m 1041, Platell, fig.G ).
Homogenisation reflects pervasive bioturbatioﬁ, énd Qare Zoophyocos
imparts a secondary distinctive lamination to the sediments.

Whole fossil packstone centimetre layers ocour intermittently,
containing indigenous biota with partly fragmented brachiopods

(mainly Iinoprotonia and athyrids) and partly fragmented oorals,

echinoderms and mollusos in a typical MA.2.1l. matrix,

Microstylolitisation is most pervasive in more highly
argillaoeoﬁs sediments., and is often adcomp;nied by extensive
mioro/bseudosparitisation of lime mud matrix, Compaction causing
. olast fragmentation and distortion (as exemplified by ellipsoid
caloispheres) occurs in most argillaceous specimens. These
argillaceous sediments show little matrix except silt-grade
bioclastic debris, probably derive& from fragmentation by burial
compaction, S/b 1041 shows clearly the effeots of fragmentation
with compacted Chondrites burrows and vertical braohiopbd frag-
" ments surrounded by compaction 'envelopes' (stylolite defined)
indicating about 50% reduction from original thickness (Plate 11,
fig.E ). Such compaction enhances the apparent total bioclastic
contribution as the mud matrix is apparently more pressure com-
pacted. This explains the high clast percentage in many MA.2
samples point counted ( Appendix 11 ). Significantly, some
apparent MA,2.,1. sediments contain both a minor propo}tion of
recognisable cement and even primary uncemented internal fossil
voids (e.g. s/m 026). Sychtyn member MA.2.1 microfacies are
rarely. appreciably argillaceous, and as such have less compaciion
phenomena. |

Cements are non-ferroan oalcite, and echinoderm fragments
often have syntaxial'rims.

With decreasing compaotion, inoreasing cement and reguotion
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in mud grade matrix MA.2.1 grades into MA.3.

Petrography of MA.2.3. Caloareous shale,

This‘is a common lithology within the Tynant Formation;
but is rare in the Sychtyn Member. Purer shales or mudstones
(Le6 ) are greys greens Schres aﬁd maroons., MA.23 is ocomposit-
ionally similar to MA.2.1, but has reduced qﬁantities of recog-
nisable algal debris (e+g+016 Appendix ii; Their bioclast cpmpoait-
ion plots in a similar composition field to MA.2.1 (see ternary

diagrem, fig. 18). They have brachiopod (Daviesiella llangollensis

and linoprotonia cf hemispheerica) dominated macrofaunal assembl-

ages ocommonly associated. Rarely (e.g. s/m 241) foraminifera

(mostly Endothyranopsis) contribute up to 20% of the sediment

Compaction features (partly microstylolitic) aré very
prominent, enhanced by compaction of the argillaceous component.
X.R.Ds shows that 1llite is the dominant olay, whilst miied layer
illite-smectites and kaolinite are weak (comparatively feeble 001
peak) ‘or absent (Appendix 111 ),

Bed Morphologies of MA.2

5 to 80om beds of MA.2.1 are defined by flat or smoothly

"undulose bedding planes. These beds are often separated by

centiﬁét;e shale partings or MA.2.3, with grading contacts between,
or have 'multi-storey'stackings Thin beds may be t?aoed for.
hundreds of metres. ascross ouicrops, but in both the Tynant
Formation and Sychtyn Member, their use as correlation markers is

hindered by their laterally variable bed thickness and their
Gommonness in the succession (partfoularly the ‘Tynant Formation).

Lamination in MA;2.

4s ?reviously mentioned, in MA.2.1 miorofacies, parallel

millimetre scale lamination is common, and ripple lamination is



128

rarely visible,

The millimetre bedding-parallel laminas are- defined by
both presence and absence of grainstone texture, and variation in
biocclastic components. In s/m 243 (Tynant Formation, G.R.

ST 21954570) centimetre lamination oocurs within MA.2,1 from fine
algal packstones to braohiqpod ooral floatstones, defining
horizons rich in whole and fragmented macrofauna.

Low angle cross lamination (unidirectional) occurs Qt a
number of localities in the Tynant Formation, either as a primar&
bedform, or (see £ig.37 ) as a sediment drape over pre-existing
tOpogrAphy (presumed palasokarstic)s At GeR. ST 22114636 (Tynant

Formation) gently sloping foresets (c. 10° dip) define a bedform

. relief of 60cm. This lamination is defined by centimetre grain-

702.50

Te2e5.10

stone-~packstone couplets,

Ripple cross-laminae (e.g. s/m 004 G.R. SJ 22024535) of
amplitude c. 2om and wavelength o, 10cm, have?bpposed foresets,
and scoured set bases suggestipg formation by wave processes

(de Raaf et. a10,1977)0

Early Diagenetic Features Associated with MA.2.

TABULAR AND NODULAR CRERTS. Cherts ococur at a number of
horizons within the Tynant Formation, mostly within MA.2.1., but

occasionally within MA.1 and MA.3 lithologies. They vary from

laterally persistent tabular forms (Plate.7a fige D ) (co 10cm

thick) to small locallised elliptical nodules, The latter
éommonly have a marked colour fringe around them and rarely
envelop fossils, The nodules are dominantly equant miorocrystal-
line quartz ( < 20uin) with irregular lenticles of equant undulose
megaquartz (terminology after Milliken, 1979). Length fast

chalcedonic silica ocours in bioclést cavities (e.g. Chastetid
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lumina). There is no zonation of quartz fabric within the nodules,
The outer pale fringe comprises two distinoct zonésf i) An inner
le~4mm neomorphio pssudospar calcitic layer without recognis—
able clasts; 1i) an outer centimeire zone of partly silicified
clasts within microdokspar and microspaer (5-30pm) matrix, leaving
residual calecitic (dominantly brachiopod) clasts and miorospar
matrix. External to this dolomitic fringe, along the chert
horizon, partial silicification of bioclasts continues (s/m é451-iii)
but all clast types are equally affected.

Within the chert nodules is an outer zone inward of the
fringe rich in irregular calcitic 'olasts' and euhedral dolomite
rhombs that are zoned to ferroan margins, many with microquartz-
ieplaced centres. These decrease centrally within the nodules.
In comparison thé tabular cherts are milky with Ime dolomites
and calcitic clasts socattered throughout. Figure 51 outlines
this'petrOgerhio zon;tion.

Evidence of early formation of the chert nodules is indio-
ated byt '

1) a smail lentioular oheft nodule orientated subvertically with
7lamination disruption around it ( Fige 52 . ) (s/m 2523,
G.R. 21944560), suggesting disruption(by bioturbation at a
penecontemporary stage? )e

2) Growth of 'bot:yﬁidaf.chaloedonio silica into primary
(chastetid lumina) bioclast cavities, indicating growth before
final ocementation.

3) Formation before much of the stylotitisation and compaction

is shown by lamination and stylolites expanding towards the
nodules (see fig.51 ).

4) Presence of reliot siliceous spicules within chaetetid

sclerosponges only where associated with chert nodules indicates
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CHERT NODULE PETROGRAPHY- MA.2.1 Fig. 51

1.
2,
3.
4e

S5e

MA.2.]

KEY

Microorystalline quartz and equant undulose megaquartz.
Rare, partly silicified euhedral:dolomites

Microcrystalline quartz and equant undulose megaquartz.
Euhedral dolomites prolific (< 300pm), many with centres
replaced by miocrocrystalline quartz, and with ferroan margins.
Pseudospar (neomorphic fabric) (20—60pm) low Fe calcite.

Dolomite and calcite microspar, with relict calcitio bloclasts.
Echinoderm olasts preferentially silicified.

MA.2.1 Beresellid packstone e Many clasts partly
silicified. Microstylolites circumsoribe the chert nodulse,

FIG S2

SUBVERTICAL CHERT
NODULE —~TYNANT
"FORMATION

This chert nodule ia atypical
in its orientation =

others are sub-=horizontal,
Note dolomitic fringe (4)

encompasses ?partly disrupted

surrounding sediment - indica'ting

some growth post ?reorientation.
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that silicification oocours prior to and during active dissol-
ution of the primary opaline silica of the epicules; thereby retar—
ding the dissolution process. As opaline silica readily dissolves
in many carbonate shelf micro-environments (e.g. Hartman and

Goreau 1970, Land 1976) this suggests silicification was early

(Gray 1980).

Implications The presence of euhedral dolomite asspciﬁted

with and replaced by early diagenetic cherts promotes speculatioh.
This has been recognised as a common association (Hey 1956;“
Wells, 19563 p.1853 Meyers 1977)s It implies that the dolomit-
isation is equally early, and that the two processes (silicific-
ation and dolomitisation)’are intimately associated. Onoe
slliocification has enveloped the dolomite rhémbs, thelr geochem—
ical system is virtually élosed.

Biogenic opaline silica was present aé sclerosponge
spicules that were actively dissolving in the sediment. How-
ever, the quantities involved are minimal oompared to the degree
of chertification. Only rareiy do chert nodules form around
chastetid oolonies. The sediments are argillaceous, and as
pointed out by Meyers (1977) leaching of argillaceous sediments
appears a favourable silica source, From isotopic evidenoce,

Knauth (1979) proposed a model for chert formation in the marine-
phreatio and vadose mixing zone, He stresses the intimate assoc-
iation of dolomites with cherts as evidence of their mutual mixing
" zone formation., Here a low pH increases calcite solubility but
lowers that of silica (Correns 1950) as CO, partial pressures
decrease in a closed system (Wigley & Plummer, 1976). The
associated dolomites may represent early Dorag type dolomitisation

(Badiozamani ., 1973).
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Te245.2. EARLY ACICULAR CZMENTS, Within bioclast primary cavities

Te2.6.

7.2.6.1.

in MA.,2.1 an irregular acicular fringe of clear caloite is rgrely
developed (Plate 1ll,fig, F ). This cement texture has only been
noted in partly silic;fied chastetid colonies, The needles are
= 100um by 20um, grdwing centripetally frbm 5ioclast walls
and / or grading into equant .20pm calcite silts. Centri-
petally they have sharp terminations against coarse, clear vold-
£411ing spar. '
Pingitore (1971) described acicular (early) cements from
rrimary pore space in Pleistocene to Recent oorals, with similar
morphologies. Pingitore concluded that this cement was aragonitic,
and precipitated in the marine environment (pre-uplift). He noted
that cemenis assooiated with reorystallised (caloitised) ooral
skeletons left no trace of precursor acicular aragonites. Taylor
and I1ling (1971) described similar cement (aragonitic) textures
recrystallising to magnesian calcite silt.
The association with chaetetid skeletons of probable °

original aragonite mineralogy (Gray, 1980) is significant.

Fossil Assocliations with MA,2 Sediments
A. CNIDARIA. In the Tynant Formation tabulate corals

Syringopora and _Cladochonus are common, with rarer fasciculate

lithostrotiontids (Lithostrotion sp.nov, ) subordinate. They are

invariably associated with braohiopod domina@ed assemblages. The
colonies are normally entire, always have a degree.of crushing,
and often orientated with their growth axes parallel to bedding
planes, indicating slight ?post-mortem reorientation. Coral
bloclastis are common only in‘the scarce coralliferous horizonss
These horigons are of limited lateral extent, and occur botb in

MA.2.1 and MA,2,3 sediments. Colénies are scattered, seldom

< 150cm apart.  Tney are never profuse enough to merit the term
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'biostrome?,

Similarly in the Sychtyn llember Syringoporoi d-fasciculate

1itﬁostrotiontid (Lithostrotion spe. nove. ) associations occur, but
are infrequent. Syringopor;id;ghaetetid associations, on the
other hand, are prolific and disoussed in section Te3ebsl |,

B, PORIFERA. In the Tynant Formation MA.2 microfacies,
chaetetids are present in minor quantity (s1ightly more abundant
than the coral maorofauna) and occur as whole or fragmentary
colonies up to 12om diameter in various states of compaction
fracture.(Gray, 1980).

In the Sychtyn Member chastetids (gABosweliia)primarily) are
common in both MA.2 and MA.3 microfaoies, and are always associated
with syringoporoids. 'They form laterally discontinuous biostromes
of about 1 colony/m in horizontal 1ine-segtion. Their growth
morphologies are bulbous but rarely pyriform. They ooccasionally
encrust brachiopod valves, and are mostly in growth—orientation.

C. BRACHIOPODA. The most common macrofaunal elements in

both Tynant and Sychiyn MA.2 microfacies, brachiopods are never—
theless not diverse in comparison to MA.2 microfacies of the

Trefor formation.

In the Tynant Formation Daviesiella llangollensis (a gigantid
chonetid) is the most readily reocognised brachiopod, occurring in
profusion along horizons (e.g. fig. 53 ), but mostly of variable
orientation. Rarely are greater than 70% of their valves in life
orientation. Most commonly the daviesiellids ocour within thin '
MA.2.3 horizons on minor cycle bases (see chart 4 )¢ It is in
these calcareous shales where the greatest proportion of specimens
in life orientation, with both valves intact, are foﬁnd. Davies-

1e11id "seotional distribution densities’ (S.D.D. new term, defined

in Fig.53 ) do not go below unity in looal dense acoumulations,
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and average out above 3 over outcrop (fig 53 ). Sediment compact-

ion reduces this from the initial burial value. linoprotonia cf

-hemisphasrica is the most oommon productid, ococurring in davies-

iellid dominated assemblages or discontinuous along horizons as
the dominant faunal element. Most are found in life orientation
(esge 8/m 1041), with ventral and dorsal valvés attached. Others
show little sign of significant transportation. Theilr ventro-
lateral and trail spines partly stabilised their orientatioﬁ.
Vhen in dense association, their valves are within millimetres

of 1a.t.era.1 ocontact with each other. Spiriferids and Athyrids _
are minor but ubiquitous brachiopod Qomponents (see appendix' ;—l__Y_ )e

In the Sychtyn Member Daviesiella Llangollensis occurs only

within the lowermost sfrata. Linoprotonia is '& dominant

element , but Composita sp. is the most abundant, in both MA.2
and MA.3 miorofacies. In MA.,2 they are mostly fragmentary, dis-
articulated, and are variably compaction-fractured (eege s/m 2150).
Their prismatic microstructure easily disa%egates, making locallya

significant sediment contribution  (Section 9e3+142.)e

D, ECHINODERMATA. Rare non-mioritised, little abraded

orinoidal packstone laminae indicate that local crinoid ‘stands may
have been present., Although echinoid spines are common in 14,2
microfacies they never reach the proliferation shown in Llanymynech
Member MA.2 microfacies (see Section Bele2e1)e

MACROFLORA | Plant debris ocours commonly within fossiliferous
Le6.2 &MA.2.3 microfacies of the Sychtyn Member, and rarely within
the Tynant Formation, indicating. a proximal subaerial source. Thi-

debris is normally fragmented fronds and pinnules, but preservation
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SECTIONAL DISTRIBUTION DENSITIESs (S,D.D.)

Defined as the ratio of 'boxed' seoctional area of a brachiopod to its average share of quadrat area i.e,

SOD.D .__0_‘

Where O = total quadrat area
AN

A = average'boxed'! sectional. area

N = number of brachiopods in quadrat area ( ventral
valves only).

S«D¢D for bed 'A' = 5.1
S.D.D for bed 'B' = 400

% ventral valves in 1ife orientation for bed 'A' = 44%
1] ‘B = 48%
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10,1,2, Petrography of MA.2,1. Alga packstons to wackestone

This miorofacies resembles MA.2,1 of Asbian sediments, except
that beresellid and tubular/éeptate algae are minor components,

The dasyolad Coelosporella Jjonesi is the most signifioant contribu-—

tore Matrix is similar to associated MA.2,2, Girvanella nodules
(up to lom in diameter) also ooour within this miorofacies towards

the base of the Trefor Formation (s/m 722, Craignant, Plate 18 f£ig, B )

10.1.3, Petrography of MA.2,2, Bloclastic packstone to wackestone (Plate 18,
" fig, B )

This is a petrographically diverse microfacies, The matrix’
of bloclastic silts and lime/hrgillaoéohs muds is often miocrospar—
itised or pseudosparitised. Looally'signifioant oontributors

inolude orinoids, brachiopods, gastropods, Saccamminopsis sp,

textularid foraminiferas and fenestellid bryozoans,
| Beresellid and other iubular septate algae,as with Brigantian

«MA.2.1, are present in very minor proportions. Calcispheres are
also minor but ubiquitous components. |

Zoophycos and irregular subhorizontal burrows commonly
rervade the sediment, | . |

Mioritisation of oclasts is neglibible, although tﬁey commonly
show 10 = 20 pm diameter microborings on their sﬁrtabe.

Heterocorals (Bexaphyllia sp) are also rare components of

.this Brigantian microfacies;

10,1.4., Standardised Petrqgrgphio Diversities of MA.2 sediments.

Shown in table 5 , the standardised petrographic diversities

.of Brigantian MA.2 sediments are the highest recorded in the study-

o
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AN

Where O = total quadrat area

A = average'boxed'! sectional. area

N = number of brachiopods in quadrat area ( ventral
‘ valves only).

SeDeD for bed 'A! = 5.1
SeDeD for 'bed 'BY = 4.0

4 ventral valves in life orientation for bed 'A' = 44%
" 1B . 48%

2
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is poore.

KICROFLORA

A, Calcispheras. Both Tynant Formation and Sychtyn lember

MA.2 microfacies have a diverse assemblage of calcispheres, although

they do not dominate the microflora as in MA.l sediments, Calcis-
pheres from the Tynant MA.2 microfacies include Pachysphasra of

dervillei, Polyderma spp. Vicinesphaera sp. Palasocancellus of

canaliculatus and Parathurammina suleimanovi. Pachysphaera spp

are the most abundant.

B, Red Algae. Ungdarellids aré the most common 7red
algal group in MA.2 micrdfaoies of both the Tynant Formation and
Sychtyn Member. Other red algae inoclude microcolonies of

?Parachastetes sp. (enorusting form) Stacheoides sp. (Tynant

Formation) and Asphaltina sp. (Sychtyn Member). Their distribution
is normally sporadic. The ungdarellids have not been observed in
growth orientation and are always fragmentary (of Toomey & Johnson,
1968).

'C. Green Algasj Porostromata (Tynant Formation only).

Girvanella of straminsa ocommonly ocours as a loosely woven sediment
binding alga (e.g. s/m 006) , and micronodules of Ortonella sp

ocour (e.g. s/m 016) along sediment laminas.

Dasycladaceas. In both the Tynant Formation and Syohtyn

Member Koniékopora sp. is a relatively minor sediment contributor,
and does not ocour in the volumes enscountered in MA.3 microfacies.
When present their thalli are fragmentary, and they are often

intensely micritiseds Coelosporella sp. is also a rare MA.2

dasyclad in the Tynant Formation,.

Tribe Palaesobereselleas. Mamet and Roux, Beresellids are

the dominant algal component of MA.2 miorofacies, (especially
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Kamasnella denbighi) in both the Tynant Formation and Sychtyn

Momber. . Locally beresellids oontribute over 60% volume of the
rock and over 80% of biota volume. They are orientated bedding
parallel, and may have served as a substrate binder, although their
presence in ripple laminated (i.e. mobile) sediments casts
aspersions on this. Other beresellids are minor sediment contrib-

utors (Kamaena of delicata noteably), along with the problematical

?Uraloporelia.

A. Foraminifera. - MA.2 microfacies have a diverse foramin-

iferal assémblage, although it rarely accounts for > 5% of the
pediment's volume. Endothyrids predominate. In the Tynant

Formation these inoludes ZEndothyranopsis sp. Plectogyra spp.,

and ?Pseudoendothyra sp. Other noteable foraminifera arel

Ammodiscus spp., Eostaffella sp Palasotextularia sp and archasdis-
cids. Significantly the textularids are not as abundant in Lower
Asbian sediments as Upper Asbian. Similar foram genera are re-

presented in Sychiyn Member MA.2 microfacies,

B, Ostracods. They are ubiquitous, but minor sediment
contributors in MA.2 microfacies, and include both large and small

(40pm to 800um) smooth carapaced and ridge-ornamented forms.

PETROGRAPHIC DIVERSITIES Standardised petrographic diver-
sity counts (defined in table 5 ) have values twice that of MA.l
miorofacies association (average 15 *+ 4). Each of the three
separate groupings within the counts (macrofauna, microfauna and
microflora all have values about twice their MA.1l counterparts

(5 155 4 £1.05 6.0 % 2.5 respeotively)e The high values of
macrofaunal diversity (with respeot to MA.1) reflect the presence

of more stenohaline faunal elements. This diversity, howsver, is
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s1ightly lower than Eglwyseg Formation and Brigantian MA.2 and
: may imply -a slight environmental restriction (see section T«2.7.1 ),
% The high algal diversity valuss refleoct the high algal contribution

to the sediment,

Te2¢Te Some Aspects of Palaeoecology, Taphonomy and Palaeoenvironment of MA.2

Dafining the MA,2 palasocenvironment requires that it be
assessed ip comparison with other microfacies associations
(espeoially MA.l and‘ﬁA.3) and its stratigraphic context.

It is the basal miorofacies association of all oycle forms,
and is especially well-develope§ in the Tynant Formation. It
fherefore represents the transgressive phase of these minor cycles

and grades into either higher energy shoaling (MA.3) miorofacies

R e e LTI

or progradational tidal flat facies (MA.l).

T7e2.7¢1e SIGNIFICANCE OF BERESELLID DOMINATION. Beresellids have
uncertain affinities. They have been classified as simple foram~

inifera e.g. Loeblich & Tappan (1964) but in more recent works

(Elliott, 1970; Petryk & Mamet, 1972; Mamet and Roux, 1974)
their dasycladacean affinities have been documented and superficial

resemblances to the foraminifera Nodosinella and Moravammina

clarifieds Riding and Jansa (1974) dismissed Uraloporella

(present also within MA.2,1 in both the Tynant Formation and
Syohtyn Member) from the Dasycladaceae and reasserted a foramin-
iferal affinity. Donezella, another remarkably similar branching
septate tubular form was considered algal by Rich (1967) but Riding
and Jansa (1974) suggested it was also foraminifer, and questioned
the algal affinities of all beresellids. Clearly, the m;rphol—
ogical similarities, the assooiation, and similar stratigraphio

distribution of beresellids, Uraloporella and Donezell; implies

they are similar types of organism (or are astounding homoeomorphs).

; Little has been written on beresellid palaeocecology and
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growth, Elliott (1970) reconstructed their complete thallus

as an erect branching structure. Their cylindficéi and radially
symetrical pore-wall microstructure supports this contention, and
Mamet and Roux (1974, p.140) further reconsiruct the genus b
Kamasnella in a similar orientation. The flat-lying, fragmentary
and degraded nature of the MA,2 beresellids indicates some decay
and ocollapee, transportation and fragmentation ocourred, further
confirmed ﬁy ripple laminated sediments. Season (7?) bloomé may
have affected their relative contribution to the sediment and
played a significant part in lamination produotion.. Each individ-
ual cortex fragment, however, is small enough (normally < 20qu)
to have been carried in suspension, and deposited as ‘winnoweq'
laminae (e.g. in waning storm stages (Reineck and Singh, 1972) ).

The quantities of beresellids present in Tynant Formation
and Syohtyn Mbmbgr MA.2 microfacies implies that local production
rates must have been high, and that they probably carpeted the
sediment surface as sea-—grasses do in Recent environments.,

Yost extant dasyclads ocour in waters < 5m deeb of normal ;
marine salinities, and on soft (sand and mud) substrates, in low
energy enQironments, either protected or below normal wave-~base
(Wray, 1977, p.106). Wray (op.cit.) stresses the problems of
applying such.known environment tolerances of extant algas to
palaeoen#ironments of poorly unﬁerstood extinot algal groups.
Nevertheless a broad analogy is feasible. The presence of a
relatively diverse algal flora, and a common stenohaline macrofauna
ineluding corals, brachiopods and echinoderms, indiocates normal
marine salinities prevailed. Hughes Clarke & Kelj (1973) note
that in Recent Arabien Gulf 'lagoonal' areas, echinoderms do not

o
ocour in salinities >48°/,_.,o and brachiopods not > 60 /oo°

Figs. 11 & 12 indicate that relative volume of beresellid



138

material decreases substantially with inoreased percentage of
md and unidentifiable silt-grade debris, as MA.2 miorofacies
grade into MA.l. As this apparently reflects a transition to
‘progading tidal-flat' deposition (see section 3.1%) then a
shallow subtidal upper 1limit may logically be placed on their
palasocenvironment range., Mamet and Roux (1974) suggested they
grew in lagoonal environments. Riding and Jansa (1974) postulate

that Uraloporella (included within this discussion because Sf it's

gross similarity with beresellids) is characteristic of facies
‘interior' to carbonate buildups; i.e.,, in-shore 'protebted'
"shelf. Further to the septate alga/?éraminifera analogy, Freeman
(1964) and Riding (1970§t considered Donezella to have & shallow
low/energy habitat. (babitat sensu Bathurst (1975, p.102).).

Rich (1967) likewise considered both Donezellas and Dvinella

(veresellid sensu Mamet and Roux (1974))to be shallow low energy
environment indicators, desoribing them in microfacies remarkably
gimilar to MA.2.1. In oontrast, Racz (1964) considered Donezella
as tolerant of a moderately turbulent environment (in Bowman 1979,
pe33. )o  The minor quantities of beresellid material inocluded
within inter—~tidal to supra-tidal MA,l sediﬁents may be storm—
transported sediment‘load. Their fall—off into MA.3 microfacies
is less severe, but is probably due to inocreased sediment movement,
although the relative abundances of hypothetical grazing organisms
cannot be overlooked.

Whether beresellid dominatedsubstirates affected the develop-—
ment of macro- and mioro-faunal communities is unclear.  Bowman
(1979) opined that Donezella controlled local ecology “permitiing
only the smaller biota to inhabit the environment".  The diversity
of microfauna and flora is relatively high (see table. 5 ). "The

beresellid carpets probably provided excellent shelter for other

~

in Bowman (1979)
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algas and benthonic foraminifera.

7.2.7+.2. OTHER CONSIDERATIONS, In the Tynant Fofma££on, brachiopod
dominated assemblages are 'patohy' in distribution, and of local.
lateral extent (metres to 100m (i.e. outcrop length) ). The
MA.2 sediments (especially the more argillaceous ones) do not
represent a high energy environment, but large daviesiellids, up
to 150m across their hinge line, are frequently inverted (ventral
valve convex up) and their Yalves separated but have suffered
little damage to ornamentation (Davidson, 1874-82). Their close
spaced distribution (often within millimetres of each other
laterally e.g. fige53 suggests that this burigl assemblage is
oompositionally similar to the original life assemblage. However,
how much both bottom currents and bioturbation were individually
responsible for this distufbance is unclear. In Brigantian MA.2
sediments, disturbance of metre-sized coral colonies is common,
(section 10s 4¢ 3 ). It is significant that in sea-water the
relative density of the shell material and high surface area allows
disturbance at low bottom current velooities. The dominance of

valves of the smaller, but spinose Linoprotonia in life orientation

clearly demonstrates the higher stability, provided by its anchor

spines. Iinoprotonia dominated-1ife assemblages have S.D.D. values

approaching unity (e.g. g/m_1041, Plate 1l,fig. G ).

The whole but disturbed aspect of many coral aﬁd sclerosponge.
oolonies further shows that disturbanoe,with little transport, affec-
ted these benthonio organisms.

Caloispheres are abundant, and diverse in MA.2 microfacies,
although they do not contribute as ﬁuoh sediment as in most lA,l
1lithologies. Their presence implies that either the calcisphere
plants grew locally or that tbey were transporfed from areas of

original production, probabdbly in subtidal }A.l.l microfacies
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acoumulation zones, A spatial adjacency with MA,1 habitats

is, therefore, suggested, as implied by gradihg'oonéacts between

KA.l and ¥A.2 in stratigraphic profile. |
The lack of micritisation on indigenous olasts suggests

that both endolithic and exolithic algal and bacteriological

Y

~aotivity was reduced compared with most MA.3 sediments. This is’

moat likely to be a funoction of reduced water flow through the
surfioial sediment layer and/br a .relatively higher rate of
deposition

High insoluble residues of dominantly i1llitic clay indicates
that for the most part bottom currents did not resuspend and winnow
MA.2 sediments. This may have been.enhanced by beresellid carpeté
acting -as baffles, and algaes binding the sediment.

Transgressive events lead to widespread erosion of shore-
lines. It is probably this erosion of the Lower Palaeozoio -
siliciolastic hinterland that charged the sediments with detrital
clays, and rarer gravel extraclasts (noteable in MA.2.1 and NMA.3

microfacies overlying the basal unconformity at Minera G.R.

" 87 252523). The depositional setting (see chapter 1 ) implies

Te284.

that active transgression and erosion was osccurring

- on the Llangollen Embayment flanks (section 2. 5. 1)

Recent Comparative Sediments.

The 'wave-base' concept is appropriately discussed here.
Under normal ‘fair weather' conditions, Recent sediments are re—
worked and winnowed by waves down to shallow depths. Under storm
oonditions, this depth is inoreased, and coarser grains are both
suspended and saltated. The nettresult is a sediment of more
grainstone and laminated character. Sediments deposited below

normal fair-weather wave base, retain their finer matrix.

In a regressive event, sediments deposited below wave base
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will be superseded by those deposited above. Tie natural success-—
ion of packstone superseded by grainstons fabriés iﬁ these Asblan
shoaling oycles may reflect this transition from btelow wave-base
(MA.2) to above wave-base (Ml.j). : ’

Houboltt(1957) classified Recent sediments in the Arabian
Gulf according to,thgir grain-size fractions and weight percent of
insoluble residues, (see oomposition-field diagram in Bathgrst
(1975, p.183) )¢ He recognised facies belts (approxima%ely shore—
parallel) with inoreaéing insoluble residues and decreasing skeletal
sand'(his definition 3 sand of grains < 53um) towards deeper water
(below about 10m and the Irenian shoreiiﬁe). In the finer sedi-
ments insoluble residues vary from 10 to 50 weight %. Clays are
dominantly illite and mixed layer illite-smeotiteé. SFaoies trans:
itions however are in pért controlled by Pleistocene topography prod-
ucing locally complex facies patterns(Purser &Seibold,1973)). Wagner &
Togt (1973) described these facies as "argillaceous lamellibranch
puds" and "lamellibranoh muds", Algae are not apparently signifi-
cant sediment contributors, probably due to the depth of sediment-
ation,. |

In lagoonal environments of the Abu Dhabi carbonate complex
sediments of mixed-insolubles, lime mud and skeletal sands ocour,
carpeted by Halodule, a sea-grass, that has important sediment
stabilisation effects. This grass, and its algal epiflora help
reduce the velocity of bottom-waters (Bathurst, 1975, p.197).
Indeed, althoggh:strong wind-driven ourrents cause considerable
disturbance of the lagoon water column, '"bottom traction of sand
is slight."

Hagan and Logan (1974) and Read (1974) described skeletal

packstones and wackestones from the 'basal sheet' of Freyolnet

Basin and Edel Province, Shark Bay, which have high (25 - 75%)

Al

In Bathurst,(1975)
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algal oontent, (mostly as a mud and silt degraded fraction).
These sediments support a gastropod-codiacean aiga éommunity. In
this "basin" environment, little wave reworking ococurs, and

obliteration of primary structure by bioturbation is intensive

(Read, 19742,p.30).

Fossll Comparative Sediments.

The Lowsr Asbian of Ravenstonedale (Potts Beok Limestone)
has similar MA.2 1lithologies developed within similar minor'cycle
forms (see chapter 5 ) and which have high beresellid algal cont-
ributions, '

The high argillaoeou; ocontent of MA.2 microfacies gives them
superficial resemblance to Lower Carboniferous 'basinal'! sediments, .
i.8., thinly bedded argillaceous waogestones, and calcareous
shales. In these sediments, bioclastic material is scant, and
much of it derived from shelf areas by turbidity transport.

MA.2 1lithologies are very common throughout the Asbian
and Brigantian of North Wales and the other 'shelf' areas of
Britain.

Bowman (1979 ) described "Donezella bafflestone facies"

from the Middle Carboniferous of the Cantabrians, NW Spain.

These bafflestones form lensoid 'mounds', with 10-25% by volume of

Donezella. Intermound bioclastic rackstones and wackestones also

contain Donezella -along with fragmentary brachiopods, orinoids and
foraminifera. Significantly these facies ococcur in a ocyoclic
sequence and are developed at periods of "maximum transgression".
The similarity between these sediments and the Tynant Formatign
(in particular) indicates the cosmopolitan importan&e of these
septate tubular alga/foraminifera as sediment coniridutors, and

partly as sediment modifiers.
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7.3. ALGA PELOID GRAINSTONE MICROFACIES ASSOCIATION (MA.3)

7.3.1. Distribution and Field Character of MA.3 .

MA.3 microfacies are dominant lithologies within the .
Sychtyn lMember oycles and upper ocycles of the Tynant Formation.,
They include the pale weathering, light grey non-argillaceous
bioclastié limestones of Somerville (1977).

MA.B\microfacies usually overlie MA,2 and underlie MA.l

" within each cycle, and may grade from one to the other or have
sharp bedding plane transitions.

Bed morphologies Qary between thin lensoid horizons only
a few om thick, to beds ~2m thiock. .The‘very thick ( > 2m)
uﬁiform MA.3.1 beds of the Eglwyseg (and Llynolys) Formation ococur
in neitbher the Tynant Formation nor the Sychtyn llember,

Whereas MA.3 lithologies charaotériee cycle tops in the
Eglwyseg and Llynclys Formations, they are normally internal @ basalto
cycles in the Tynant Formation and Sychtyn Member respectively.

. Sediments are paler to dark grey, often'obviously‘bioclastio
in the field, but vary betwsen ooarse ‘biosparites' and fine-
grained 'biomicrites' with minimal insoluble residues, They

’ include the 'clotted pelsparites' (structure grumeleuse of Cayeux

(1935) ) of Bathurst (1975, p.86), and the typical mottled
'pseudobreccias', although both features are more pervasive in

Eglwyseg Formation-type facles,

PETROGRAPHY OF MA,3 SEDIMENTS

7e3+2. Petrography of MA.3.1. Alga Peloid grainstone.

MA.3,1 is the most common MA.3 microfacies, In the Syochtyn



PLATE 12
Low angle oross laminae within alga-peloid grain-
stons, Tynant Formation. O.R. SJ 22144633, Llwyn Ben Parce.

Peloid Grainstons ¥A.3,3 s/m 1074, Syohtyn Member,

G.R, SJ 25202500

Alga Peloid Grainstone MA.3.1 (pgorly sorted) s/h 1377.

Sychtyn Member, Craig y Rhiw, G. RB. SJ 23802975.

Alga Peloid Grainstone MA.3.l. (fihe sands)e 8/m 194.
Tynant Fornation. Os R. SJ 23424947 (flanks of Cyrn y Brain) (Negative
print).
Oncolitic growth ardﬁnd'gastrOPOd clast. s/m 193,
Tynant Formation. Transgressive phase of a Minor cycie.
Significant is the presence of incorporated clasis and fen-
estral fabrics within the overgrowth. Calcareous (Garwoodia—
form) filaments are rare Ge.R. SJ 23424947 (flanks of Cyrn ¥

Brain) (see Frontispiece)

————

Burrcw struoture within fine MA.3.1 sands B/h 140

U A o . e

Tynant Formation, World's End, G. R. SJ 23304788, (Negative

" print from peel).
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lember it is oommon to all ocyocles. Both parallel and low éigle
oross lamination on a centimetre scale is variaﬁly.éeveloped, and
when present depends on variations in olast types, clast sizes ’
or texture. Much of the sediment has an homogeneousfabrio; but
large oross laminated sets (20om bedform relief) do ocour e.g.
G.R. SJ 23602955 (Syohtyh Member) and G.R. SJ22144633 (Tynant
Formation) (Platel2, fig. A& ), and parallel laminated sediments
are commonplace. Mottling does not ocour on the'periasi§é scale
of the Eglwyseg Formation. Large (50m to 15cm long axis) later—
ally elongate,sharply defined and smooth margined mottles of

" darker sediment in lighter do ocour in Sychtyn Member sediments
(see chart C ) (cf.Flatel7, figB), The darker mottles have a
more prominent grain-support texture, and are oompositionally'
seimilar to. the surrounding sediment. In extreme cases these
mottles are defined by stylolites.

Characteristically, this microfacies contains a heterogensous
mixture of variable sized peloids and intraclasts (10mm to 20pm),
micritised and non—micritised bloclasts, with both endolithic and
exoiithio coatings, including a diverse assemblage of algae and
foraminifera ( Appendix 1V ), In most cases the matrix comprises
oalcité spar and orystal silt grade ‘cement', together often

giving the appearance of ‘structure grumeleuse's General size

range and 'sorting' varies, from finely bioclastic calcisphere-
peloid-foram grainstones that seldom have clasts exceeding 300um
(Plate 12 fig. D ) to the irregular hotch-potch of clasts ranging
up to oentimetres in size, (Plate 12 fig, C ) in ocoral-brachiopod
burial essemblage sediments, more typical of Eglwyseg Formation
MA.3.1. , .

Algal contributions are high‘in many of these sediments,

from both the Tynant Formation and Sychtyn Member. Tubular and
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septate 7algae/beresellids account for up to 74% by volume of

the sediment present (s/m 1374 Sychtyn Yember (uean 38% + 20% for

Syohtyn Member) )e y The dasyoclad Konir'x}copora spp is
ubiquitous to MA.3 lithologies, in greater volumes than MA,2 )
lithologies, MA.2.1 miorofacies grade into MA.3.1 with grain-
stone packing, and reduction of lime mud and silt, Echinoderm
debris is the dominant macrofauna contributor, although 1t rarely
exceeds 5% by volume, In burial assemblage sediments, the domin-
ant maorofauna contributors refleoi the whole-fossil assemblage.
Within c.4m of the fasal angular unoonformity north of
Worlds End MA.3.1 microfacies contain well developed nonskeletal
and .skeletal oncolites, (e.g. s/m 192) both coating olasts and as

irregular nodules up to 5cm diameter. (Plate 12,fig. D ). Algal

coatings are Garwoodia sp., and?Polymorphocodium sp. occurring
together within individual ;:ncolites. Garwoodia sp also ococurs in
association as micronodules. These proximal-to-\inconformity
sediments also contain Lower Palaezoic extraclasts (up to _9_.10% by
volume ) which become less common at stra.tigraph;.cally higher levels,
although at Minera they occur in the basal 5m of the overlying
Eglwyseg Formation. In this microfacies development, 't;eresellid
algae are rare. .

Floatstone textures (sensu Dunham, 1962) are included within
MA.3 where matrix is m.3, but where larger ( > 2mm) olasts provide
a framework support to the sediment it is here olae;sified as MA.4.
(Bioclast Pelojd Rudstone Microfacies association)

Rarely bioturbation is 'vieible as irregular and tubular
(g_. lcm diam.) zones of coarser, less compacted - sediment, at.
_all orientations to the primary sediment lamination (e.g. s/m 140,
and 14613 Plate 12 fig, G ).

Compaction is visidble in these sediments on two scalest
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Large scale microstylolitic compaction, that retains 1little
cement matrix, (€.ge s/b. 195 ) and smaller scale compaction,
shown by oompaction—fraoture of e.g. 08tracods and chaetetid

colonies.

Petrography of MA.3.2. Bioclast grainstone

With decreased volume of réloids and beresellids MA.3.1
grades into MA.3.2. Typically, MA.3.2 is a lime sand composed of
a significant ( > 20% of total volume) proportion of recognisable
(not mioritised peloids) biooclasts of macrofossils, They are
the 'grainstone' equivalent of MA.2.2, This microfacies,
therefore, includes a diverse suite 6f compositions (see Appendix

11 ) of "immature" sediments (see section 9. 3. 1), _For'émin—
iferal microcoquinas (terminology of Ball, 1971) are not included
within MA.3.2, although they are rare elemsnts of the Tynant
and Sychtyn sediments., |

In the Tynant Formation and Sychtyn Member MA.3.2, micro-
facies are rare, They ocour as laterally impersistent (traceable
over 100's of metres) beds, up to 80om thick (see chart A), and
in the Tynant Formation of the Llwyn Hen Park area appear as
coarse Pioclastio deposife in marked contrast to the_éurrounding
MA.2 and MA.l miorofacies., The clasts are diverse, including
muoch fragmentary coral material, but containing neither whole,'
nor large olasts of ooral colonies (e.g. s/m. 473). Vague

lamination is usually present, parallel and on a centimetre scale,

Petrography of MA.3.3 Peloid grainstone

Another rare miorofacies in the Tynant and Sychtyn Formation,

this represents the opposite end member on the 'maturity"quctrum

‘(see seotion 9e3elel ) to MA.3.2. They are defined as cont-

aining 508 by volume of peloids or intraclasts. 4s with other
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MA.3 lithologlies, clast sizes are variable, and with increasing
clast sizes MA.3.3 grades into rudstones or intraformational

oonglomerates. ’Compaotion phenomena are similar to MA.3.l..

735, Early Diagenetic features associated with MA.3

7.3.5.1. MICRITIC RIM/MENISCUS CEMENTS Within MA,.3 miorofacies,
especially in the Minera area, within the Tynant Formation, |
5 to 150pm isopachous rims of dense dark brown micrite, béth coat
.and rarely have meniscus thickenings between’adjacent clasts
(Plate 13 figs.D & B) (e.g. 8/m 092 from 200;n beneath a palasok-
arstic surface, Tynant Formation, Minera).~ The meniscus effeots
are exceedingly pronounced between some clasts, where 5 to ZQPm
impersistent rims broaden to >200pm thick. The lack of
lamination in the cement does not allow observatiqn of growth
trends at the meniscus ocontacts. Besides menisous thlokenings,
the micrite locally thickens into cavities above and below clast
surfaces, but in a non-uniform maxmer.(calprete linings'a;e asociatedwith
primary fossil voids, diminishing in extent further f;om the fossil
outer surface €ege8/m 092, similar tomcrite desoribed in section
11.3¢1e3). In specimen 092, this meniscus miorife has a fringe of
fine acicular cement (see next section), overlain by a further
miorite coating.

In section 6.4,10 , similar cements (not displaying a
menisous effeot, but within MA.1 where grainstone texture is rare)
were argue_d as having a probable beach rock origin. A supra=

tidal origin is suggested here by their asséoiation with paiaeol_c‘-
arstic surfaces and menisous phenomena that acocording to Dunham
(1971) reflects precipitation in the vadose zone, in which pore-

waters are mixed with entrapped air.
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Te3eHe2. ISOPACEOUS ACICULAR CEMENTS. Within KA.3 miorofacies,
this is a ocommon early cement type, found either in association
with miorite cements or as the only rim cement. Where associated
with micrite cements an outer micrite coat faithfully preserves
fine detail of the acioular terminations, although the crystals
are degraded to equant microspar (Plate 13 fig., C). They are
similar to acioglar cements desoribed in section 6e 4¢ 9 , but
no bladed terminations have been identified. |

_In places, hour—glass meniscus effects (cfe Tucker, 1975)
within the aoicular/hiorospar fringe of 8/5092 suggest entrapped
air pockets (Plate 13, fig C), énd, therefore, a vadose cement
origin,.

"The ri;s are 50 to 300pm thick, individual orystals rarely
greater than 30pm broad, and are difficult to see as a distinct
cement generation, when overlain by spar druse growing centrip-
etally away from this cement surface. This cement fabrioc
resembles many Tecent beachrocks and hardground cements (Dravis,
1979, Fursich, 1979), but its association with meniscus ?calorete
micrite cement suggests formation associated with a fluctuating
water table (. causing . alternate vadose/phreatic cementation),
VWhether precipitation was from ﬁarine or meteoric waters is ‘

unclear. The fringe resembles some Recent beach rock cements

(Stoddart and Cann 1969)
7e3.6. FOSSIL ASSOCIATION AND DIVERSITY IN MA.3.
7e3e6+1e MACROFAUNA Macrofaunal assemblages and distributioes.'

within mynaﬁt Formation and Sychtyn Member MA.3 microfacies are
very similar to those desoribed in section 3245 for MA.2

miorofacies. In the Tynant Formation Daviesiella 1llangollensis

dominated assemblages occur infrequently, along with scattered
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chaetetid colonies, productids, and corals. They are invariably
not in growth orientation, and have a degree of fragmentation

and abrasion.

In the Sychtyn Member syringoporoid—ohaetetid.bio- 4
stromes are common, but their densities rarely exceed 1 colonyﬁm
over 20m of outorop. Rugosan oora}s are very rare in MA,3 mioro-
facies of the Sychtyn Membe&. |

Athyfids (Composita sp.) are prolific in discontinuous
biostromes. In these sediments, the brachiopod vglve prisms

contribute, as individual grains, significant proportions of the

sediment. Linoprotonia occurs infrequently in comparison to
MA.2 miorofacies, and does not form the in-growth-orientation

éssemblages characteristic of MA.2.

MICROFLORA Beresellid algae (mostly Kamaenella denbighi)

are the most widespread and prolific, but are not as ubiquitously

dominant as in MA.2.1, Xamaena ¢f delicata becomes a common

beresellid in MA.3. - They ocour along with Uraloporella.

Ungdarellids are common in MA.3, but Stacheoides has not been

recognised.

(A
Koninkopora becomes a locally dominant algal element and
K

is ubiquitous. Calcispheres are very variable in distribution.
In finer bioclastic MA,3 lithologles they may be very abundant,

acoounting for up to 6% by volums, but mostly < 4%, Pachysphaera

is the most oommon genus, but overall the genera are as diverse

as in MA.2 microfaoies,

MICROFAUNA. MA.3 sediments also contain a diverse foramin-

iferal mlorofauna with similar forms to MA.2 sediments, but notJably
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many are mioritised and have micrite chamber fillings, in extrems

cases becoming (un)reoognisa’ble peloids.

Some Aspects of Palasoenvironment and Palaeoecology of MA.3

- SEDIMENT LIOVELENT The grain-support and matrix-poor

nature of MA,3 miorofacies suggests that deposition of lime-mud
and silt fines was minimal due to either rapid deposition and
a slow rate of production of the fines, or that bottom currents
did not permit fines to settle.

The oommon presence of lamination suggesfs that deposition
was oontrolled by rhythmic events, and,thq\mixture of micritised
and unmioritised grains suggests that either olasts of different
histories and generations were admixed, or that sedimentation was
slow enough to allow earlier deéosited clasts to become algally
micritised, (inferred from Kendall and Skipwith (1969,‘ p.850)) -
whilét othérs (of a similar type) escaped the process. This
iatter unfavourable model leads to the support_of the "transport-
mixing" model (see section 9;3. 1), " Cross laminated sediments
attest to moving bedforms, and lack of fineg in the more massive
MA.3 deposits suggests deposition probably above fair-weather
wave-base. N

The recognition of shelf storm deposits within beds of
MA.3 microfacies (section 7Te 4+ 3) attests to the potentially

high degree of sediment movement.

DIVERSITIES. Petrographic diversity mea;u;éments of
Syohtyn and Tynant MA.3 microfacies (table 5 ) reveal values

very similar to MA.2 microfacies (total standardised petrographic
diversity 16 + 3), Algal diversities are similar to MA.2 (7% 1),
as are macrofauna and microfauna. (4 * 1 and 5% 2 respectively).

The relatively impoverished maorofaunal assemblage (impoverished
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against the potential elementis available) imples that although
stenchaline faunal elements are relatively abundant (of. MA.1)
there was a degree of environmental restriotion (definition of
Purser and Seibold 1973, Pe7) In the palasogeographic situation
envisaged here, of a broad shallow and embayed carbonate shelf
(section 1+ 3¢ 3 ), normal oceanic salinities are less likely,
and metahaline conditions (possibly even locally hypersalins)
probably existed.s Much of the shallower shelf region of fhe
Arabian Gulf has a salinity >'40°/;°, but supports a diverse

stenohaline fauna, (Purser and Seibold, 1973)

OTHER CONSIDERATIONS. Tubular septate algae (beresellids

and?Uraloporella dominantly) are principle microfloral elements in
these microfacies, as in MA,2 m;drofacies. Their fragmentary
state, and variable degrees of medular.and cortical micritisation
indicate transportation (possibly as lithgskels) and degradation
occurred, implying that in MA.3 habitats they.Aid not have a

sufficient sedimept stabilisation effect to countar the botitom-—

‘sediment movement.,

Comparativé Sediments,

RECENT. Many recent low latitude carbonate shelf environ-
ments are actively producing MA.3 type carbonate sands. | .
On the Bahama Bank the "Grapestope Iithofacies" is an -
heterogmeous deposit of skeletal and peloid grains, bdut is pgrtly
cemented by miorite into grain aggregates. These are the"gtable'
sands of Bathurst (1975, p.121), stabilised by both early cement-
ation and subtidal algal mat coverings. They occupy & broad
central-ma&ginal belt to the Bank, and are internal to the narrow
marginal unstdb;e oolitic and coralgal sands which may include

> 50% peloids (Purdy, 1963) and >10%~ca.lca.xl'eous algao, The
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stable sands are only moved during the highest tides and storms,
and it is probably the lack of particle movement that induces the
early micritic cementation and grapestone formation. Kendall
and Skipwith (1969, p.B66) describe 'aggregate ' sediments
forming in "moderately exposed" lagoon shores and offshore banks
whioh are partly protected from "intense hydrodynamic activity"'.
The lack of grapestone oementq in the Tynant and Sychtyn MA.3
sediments adds further weight to the transport-mixing modei.

The unstable sands are ripple marked (due to vigorous
tidal ourrents) (Bathurst, 1975, p.116), and in the extrems have
dune bedforms uﬁ to 3m reliéf. The stﬁble sands, however,
(ocourring in waters < 9m, and ooccasionally intertidally emergent, -
hav$ less common ‘ripple marking' (Newe}l et al., 1959, p.220)
although apparently staﬁle megaripples occur within'tidal channels
transecting this belt, ‘

MA.3 microfacies ocoasionaliy do have bedform relief,
showing that sed%mqnt transport was locaiI& signifioant;

Similér sediments also ocour in shallow sublittoral gnvir-
onmentss (1) 4in the Gulf of Batabano, Cuba, also in central—
marginal shelf areas, as ‘ovoid grain san&' and '‘composite grain
sand' (Dastwyler and Kidwell, 1959, in Bathurst, 1975, p.172) in
normal salinity waters. c. 10m deep; (2) In the Shark Bay
complex, as intertidal veneer pellet grainstones (with lithoolasté
and litﬁoskels locally abundant), as unstabilised sublittoral
sheet '11thotopes’ Read, 1974, pe37), where wave action continuously
reworks the sediment, and in the sublittoral bank lithofope as
skeletal lithoskel grainstonss, with common compositional lamin-
ationy (3) In the Arabian Gulf (Wagner and Togt, 1974) as

molluscan sands and muddy sands in waters <4Om deep.
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7.3.?.2. ANCIENT, Y¥A.3 miorofacies include the phase 'C biopel-
sparites of Sommerville (1977, 1979a), in overlying late Asbian min-
or ocycles (see on). 14,3 microfacies ocour in similar oyole
forms within the Potts Beck Limestone (see section 5.1 ),
and is the dominant miorofacies association of Asbian sediments

on the Askrigg (Kingsdale Limestone) and Derbyshire 'Blocks'.

7.4, INTRAFORMATIONAL CONGLOMERATE LITHOFACIES (L,7) AND BIOCLAST
PELOID RUDSTONE MICROFACIES ASSOCIATION (MA.4)

T.4.1. Distribution and Field Character of LeTe.

MA.4 & L.7 facies are rare elements of Tynant and Sychtiyn
sediments.v They charaoteristioally occur at the base of minor
- cycles, within MA.3 and within MA,l miorofacies. Some are -
laterally persistent aoross 100's of metres of outorop, whilst
-others are lensold deposits only a few metres aoross. They
rarely exceed 50cm thickness, Clast types depend upon under—
lying @nd adjacent) sédiments, but include a full spectrum of

lithologies and fossil materials.

PETROGRAPHY OF L.7s8 SEDDMENTS (See section 6. 2. 6)

T.4.2. Potrography of matrix supported conglomerates.

This is a widespfead and variable lithologye. In‘the
Tynant Formation, it ocours characteristically on cyolq bases,
overlying scoured or %utureddisoontinuity‘surfaces (éection
11. 1 ) .  comprising clasts of underlying MA.l lithologies
- (and rare extraclasts) within the transgressive MA.2 or MA.3

sediments T
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At G.R. ST 22034535 (Tynant Ravine) a coarse heterolithic
intraclastic conglomerate (oclasts up to 20cm diameter) overlies.
a oyole boundary, with MA.2,2 matrix. (Plate 1, fig. B)e. less
exceptional deposits have wall—sepérated clasts that decrease in
abundance rapidly above and away from the cycle boundary.

(Extraformational conglomerates, common in the
Tynant Formation of the Minera area are of L.8.2 form, ocourring
both within MA.2 and MA.3 matrices (see chart A). None have

been observed clast supported.)

Te.4+3. Potrography of MA.4.1 Bioclast peloid rudstone.(Plate 13, fig 4 )

This 18 also a minor miocrofacies in the Sychtyn Member
and Tynant Formation. ’It includes coquinas and peloid rudstonés
in which MA.3 lithologies ma& be‘present as matrix, but where
clasts > 2mm provide a framework support to the sediment, TWhere
clasts, bloclasts and peloids > 2mm do not provide_a framework
support texture to the sediments, they are included as 'Float-
stones' within the miorofacies of the matrix.

In the Sychtyn Member, bfaohiopqd and gastropod coquinas
ocour as lensoid to laterally persistent layers, within MA.3
lithologies, and up to 20cm thick, with MA.3.1 matrix to the
whole and fragmentary bioclast dedbris, They have vague to
well-defined centimetire lamination, and inoclude a suite of
‘‘multigeneration' clasts and often diverse olast types (note
that indigenous faunal elements are normali& predominant, 0.8e
s/m 2150). |

Rudstone microfacies have many large 1htergranu1af 'voids',

caused both by umbrella and loose packing features.

' Teded. . Some ASpects‘of Fossil Associations within L.7 and MA.4

MA.4 sediments, apparently by their rapidly deposited and



PLATE 13

A 'Storm Bed' of Composita spd mixed assemblage of

clasts} Chastetes.sp.; fragmentary and ocomplete Composita.
Note geopetal features and lack of sediment between many
adjacent brachiopod clasts, suggesting rapid deposition
S/m 2150, Syohtyn Member G. R. SJ 25232503 . (MA. 441)

S.E.M. photomiorograph of meniscus miorite beiween .
clast of Koninckopora and peloide. S/m 092, Tynant Form—
ation, Mineras Ge. Re ST 252652260

Vadose meniscus 'hour-glass' structure of microspar

cement overlying an acicular microspar cement fringee

S/m 092, Tynant Formation, Minera

Dense (pa.le) micrite cement .rind with meniscus stiruct—

ure as shown in fig. B, S/m 092,
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hydrodynamically severe depositional mechanism, provide blased
evidence of fossil communities,. Looally‘tranSported and en
masse deposited ooquinas (MA.4.1) reflect 1iving assemblages.
S/ 2150 is cited as an example from the Sychtyn Member ﬁPlate 13
fig. A ). . In the most dense zone of the fossil band,.
“the brachiopods are in a framework support (MA;4.1) texture (with
seotional distribution dgnsities (S.D.D; see fig. 53 ) le;s than
unity.) with interstitial MA.3.1 sediment. The association of

" 7uvenile Composita, miocritised and non-mioritised shell fragments,
and large mioritised fragments of chaetetid colonies, suggests
that the depoé;t was formed by admixing of more"mature' (see
section J¢ 3¢ 1) sediment, with alife assemblage — a mixed death
assemblage . (Raup and Stanley, 1978); The large proportion of void
(now infilled by drusy spar) interstitial to the larger bioolasts
(as well:as much umbrella and fossil internal—cavity) implies
a8 rapid‘deposition, precluding the gradual settlement and better
sediment packing expected of more slowly deposited sediment.

L.T7.2 sediments support faunas of similar assemblage-

types to MA,3 sediments. In the Tynant Formation Daviesiella

shell beds are associated with Le7e2 sediments.

7.4.5. Palascenvironments of L.T.2 and MA.4.1,

The poorly sorted nature, overall distribution and high
current veloscity required t; transport the olasts of MA.4 micro-
facies suggests that abnormal conditions were responsidle for
their formation. Plausible'mebhanisms are either abnormally
high tidal—currents or meteorological storms. These mechanisms
have been documented in recent environmenis, and their ensuing

deposifs investigated, but more information is available on

siliciclastic than carbonate environments;
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TedeSel MATRIX SUPPORTED CONGLOMERATES, Occurring on oyocle bases
above planar and S.D. surfaces, these deposits represent the
basal erosive event of the transgressive shore-zone, Their -
matrix~supported form (MAL} & MA,2 miocrofacies matrices) implies
that intraclasts were admixed with actively accreting sediment,
by transport from an adjacent shore 'platform's The rapid decrease
in olasts (size and quantity) above the oyole base may reflect the
rapidity of the transgressive event, as active shore zone erosion
moves further 'landward', and active deposition inocreases further
offshore. The irregularities in sutureddiscontinuity surfaces
may have provided sediment traps even intertidally (as 'rock-
pools' - see eeotion'll. 1. 2) for locally eroded intraclasts.
Kasig (1980) has described similar intraclast rich sediments
(and 'sedimentary breccias' ) from V2b Dinantian cycle bases of

the Aachen region.

7e4 502+ BIOCLASTIC PELOIDAL RUDSTONES. The mixed generation and
.typedvariability of the olasts, very open packing, lack of _
sorting, and bed thinness, are evidenoe for rapid deposition,
Storms or abnormally high tidal ocurrents are believed reeponsible
(the latter is unlikely — see chapter 6 ). This type of storm
deposit corresponds to the 'parautoohthoﬁous coquinas' of
Megner et al. (1979 ) (See section 7. 4. 3 )..

Many siliciclastic shelf storm deposits are characterised
by a pseudoturbidite structure (e.g. Brenchley et al, 1979 .),
with upper parts of the single-event deposits repreeenting |
settlement of fines from a suspension-charged water oolumn in.
the storm's waning stages. This, howsver, is oontrolled by

. water-depth, storm strength and direction, and sediment availab-

ility. In these Asbian sediments this latter stage of storm
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deposition will not be readily recognised from the baokgrSund
YA.3 sediments with which they are usually associated, especially
after bioturbation and a degree of surficial sediment movement
has occurred once the storm has passed. High veloocity bottoﬁ
ourrents (e.g. the storm surge ebb) would readily transport the

coarser sediment fraction.

SUMMARY OF SUBTIDAL MICROFACIES ASSOCIATIONS,

Alga Packstone Miorofacies Association

Alga packstone microfacies association (MA.2) are basal
1ithologies to minor cycles, and are most common in the Tynant
Formation. Characteristically, they are thin bedded dark argill-
aceous units, but have a more diverse stenohaline faunal assembl-

age than MA.l. The beresellid alga Kamaenella denbighi is the

dominant biosclast, locally accounting for over 60% by volume of
sediment., Clasts are seldom micritised.
Two microfacies are recogniseds beresellid wackestons/

packstone (MAJ2.1) and calcareous shale (MA.23). In both,green

and red algae,and foraminifera are diverse. Compaction enhances

packstone textures, and fragments many oclasts, Microstylolites
are pervasive, and both parallel and cross—laminae common.

Both tabular and nodular cherts ocour, with a distinof
dolomitic zonation struoture:peritheral to the nodules. Evidenﬁe
of their early formation is shown by silica cement growth; bio-
turbation disruption (?); pre-stylolitisation originj and
retention of opaline éilioa sploules before active dissolution
had removed them., The mixing zone model proposed by Knauth (1979)
is accepted here.

Early acioular cements are rare and restricted to primary

T
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bioclast cavities,
Fasciculate lithostrotiontids, syringoporoids and chastetids
are dominant non-brachiopodal macrofaunal eiements, especially in

the Sychtyn Member, In the Tynant Formation, Daviesisella

llangollensis and linoprotonia hemlisphasrica are dominant elements

of brachiopod assemblages. The ventiral spines of the productid
inorease its bottom stability with respect to the musch larger and

robust chonetids that are mostly overturned from life orientation.

In the Sychtyn Member, Linoprotonia, and Composita sp. dominate
brachiopod assemblages. o

Standardised pe%rogﬁaﬁiio'diférsities are substantially
higher than MA.l microfacies (mean 15 % 4), being approximately
2x higher in both macrofauna and miorofauna and flora.

Beresellid and septate (?) algae may have acted as sediment
oarpets, helping to trap and bind sediment particles, sheltering
them from current aotivity, although their fragmentation and
transportati;ﬂ is locally extrems

Their pr;senoe as transgressive basal phases of minor
ocycles and presence of a 'finer' matrix, suggests deposition
below fair weather wave bﬁse.,

Comparison with Recent environmdhts provide analogues with
lagoonal situations of tﬁe Abu Dhabi complex, sediments from the
'basal sheets' of Shark Bay, and the offshore muddy sands of the

Argbian Gulf,

Alga Peloid Grainstone Microfacies Association.

This microfacies association (MA.3) includes poorly sorted
alga-peloid grainstone  (MA.3.1);bioclast grainstone (MA.3.2.);
and peloid grainstones (MA.3.3). They are dominant lithologies

in the Sychtyn Member and ooour within = mid-zones of Tynant



159

Formation cycles. Towards the Minera area, in upper oycles of
the Tynant Formation, MA.3 microfacies replace MA.2 in dominance,
They are not developed to the extent of the Eglwyseg Formation
MA.3.

MA.3.1, MA.3.2, MA.3.3, represent a spectrum of compositions,
MA.3.2 is characterised with > 20% by volume of recognisable bio-
clasts, and MA.3.3 with > 50% peloids. MA.3.1 enooméasses other
compositions, Olast type and size-sorting is very variable, from
very finely clastic ( < 300um), to MA.4 rudstones ( > 2mm).

Beresellids are also dominant algal components in MA.3,

along with other tubular-septate ?algaé. Xoninkopora sﬁp is
more abundant in this microfacies association than MA;2, and
crinoidal biooclasts are the dominant macrofaunal oontributor.
Skeletal oncolites oocur in Tynant Formation MA.3.sédiments;
The foraminiferal assemblage is similar to MA.2. Loocally frég—
mentary macrofaunal assooiations modify the sediment composition
(from MA.3.1 to.MA.3.2). |

The sediment transport mixing model aé desoribed in
section 9. 3. 1 applies to these sediments.

' Early cement fabrics are rare, and are mainly developed in
MA,3 lithologies from the Minera ar;a Tynant Formation, They
comprise micritid meniscus, and isopachous acicular cements.
A beach rocﬁ origin is suggested.

Faunal associations are similar to those of MA.2 micro-
facies, as reflected in their similar petrographic diversities
(16 £ 3 for MA;B); Chastetid=-syringoporoid biostromes are
not_ably common in the Sychtyn Member. A .

MA.,3 miorofacies are comparable with many Recent bloclastic

and peliodal lime sands} inoluding the "Grapestone lithofacies" of

the Bahama Bank, shallow sublitioral sands of the Gulf of Batabano,
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and both intertidal veneers and sublittoral sheet lithotopes of
the Shark Bay complex. They represént sédiments deposited in
shallow, sometimes shoaling, subtidal environments, with near-
oceanic salinities, and éupporting a relatively diverse benthos
locally. Sediment movement is common, rarely producing highé
relief bedforms, and acocounts. for the mixed generations of

bioolasts and peloids. Storm deposits (of MA.4) are associated.

Intraformational Conglomerate and Bioclast Peloid Rudstone,

Other facies associated with the subtidal sediments are
matrix supported ( Le7.2) conglomerates (mostly of intfaformat-
ional origin) and bioolast-peloid rudstones, associated with
MA.3 microfacies.

Le7 .2 are more common as transgressive‘deposits on cycle
bases and are products of the initial bedrook erosion.
MA.4.1 sediments are associated with MA.3 sediments in thin,

laterally impersistent units. They inolude coguinas (especially

Composita dominated, in the Syohtyn Member) that are interpreted

as storm deposits, reflecting local life assemblages,

, L.8+2 sediments reflect erosion (7associated with the
transgression) of an adjacent Lower Palaeozoic hinterlands
specifically-the axial region of the Cyrn y Brain on the northern

margin of the Llangollen embayment.
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8. SIDIMENTS OF THE LLANYMYNECH MEMBER

Section 2.4. reviews the stratigraphy and ocyocle form of
this member. As with the succeeding microfacies analysis chapters,
repetition of information and interpretation described and discussed
in chapters 6 and 7 will be avoided where possible.
Miocrofacies associations MA.1y MA.,23 MA.33; and MA.4, are
represented in the Msmber, and discussed under these headings;
Microfacies described here, and not in previous

chapters ares
Alga Packstone Miorofacies Association (MA.2)

MA.2.2, 3Bioolastic packstone
Alga Peloid Grainstone Microfacies Association (MA.3)

MA.3.4. Oolitic grainstone

8.1. PETROGRAPHY OF LLANYMYNECH MEMBER SEDIMENTS,

8.1.1. Caloisphere wackestone microfacies association. (MA.1)

MA,1 is the least common miocrofacies association, accounting
for about 1% volume of the member, occurring as three <j300m
horizons at Llanymynech (chart C), marking oyolé tops (?), one with
an associated sutured discontinuity aurfaoe+(see section 11.1). The
sediments grade upwards from MA.3 miorofaoieg as in Sychtyn Member
oycles, and rarely have small irregular, tubular, and packing fenes-
tral fabrics (section 6.4.2). Internal sediments, (section 6.4.6)
and 'ped' olots (section 6.4.12.2) are variably developsd. Most are
MA.1l.1 (calcisphere mudstone to packstone), some with vague mm laminat-

‘ ion, but MA. 1.4 occurs (s.g. s/h 1406).
At G.,R. ST 26322170 (quarry oliff base, Llanymvneoh),

impersistent thin MA.l.1 phase is developed intensely bioturbated

Plate 14, fig. B



PLATE 14 Llanymynech Member,

Cross-beds of shoaling 'typs 1'e¢ The junotion of
two opposed units is outlined, Note slight "oonvex-up"

form of the oross-beds. Llanymynech Hill, G.R. 8J26822192.

‘ Minor 'sutured disooﬁtinuity surface! on top of a thin
fenestirated oaloisphere wackestone ( MA.l). 01d Quarry,
Llanymynech Hill, G. R. SJ 26522183,

Cross laminae of shoaling ‘type 2' (oolitic).
Llanymynech Hill, G. R. SJ 26762192.

-

Haamatised auperfioial oolite, Note carbonate coating
only partly replaced in grain at oentre of photo , and
irregularity in thickness of ooatings. s/m 1149
G. R, ST 26552184,

Hasmatised superficial oolite, with mixed ' generations'’

. _ of olasts, Note uncoated orinoid fragments-in top right of

photo s/m 1149.

Bioolast paokstonen(MA.2.2)'oomposed primarily of large
fragments of eohinoid spines. s/m 1146, G. B, SJ 26552184

Hasmatised sediment internal to a gastropod fragwent
within the 'well washed' oolite of s/m 1149. Probably an
intraclast (1ithoskel),
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. component.. .Echinoid spines are occasionally significant sediment
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with Chondrites sp. (s/m 2570), infilled with the overlying MA.3

lithology.

No early cemenis nor penecontemporaneous dolomites have been

observed in Llanymynech Member MA.l microfacies.

Alga packstone miorofacies assooiation (MA.2).

This miorofacies association acoounts for ~ 5% of the
Llanymynech Member sediments, being more common in lower strata
where there ie a greater similarity to cycles of the Syohtyn ﬁember.
MA,2 miorofacies ocour as thin (5—200m) laterally impersistent
lensoid beds, often interlaminated and interbedded €i£h finely bié—
ciastio MA.3 sands. They comprise MA.2,1, MA,2.2. and MA.2,3
microfaciess. ”

- The caloareous shales are mostly maroon-grey in oolour, and
highly dolomitic, although they sﬁpport a brachiopod-coral~sponge
fauna. .

MA.2,1and MA.2.3 miorofacies contain similaf bioclast assemble-
ages to Sychtyn Member MA.2 sediments and do not warrant further

disoussion here.

PETROGRAPHY OF MA.,2.2, BIOCLASTIC PACKSTONE, This minor
microfacies in the Llanymynech Member, associated with the other
MA.2 microfacies, oharaétoristiéalli has a dominant molluscan
(gastropod) component (e.g. s/m 1140), and has little recognisable
algal mioroflora, althoﬁgh as with many examples of MA.2 lithologies
in this member, mioro~/pseudosparitisation has obscured the detail
of the mud and silt grade matrix. As with MA.3.2 microfacies

MA.2.2 is defined by having a > 20% recognisable, non algal bloclastio

oontributors in this miorofacies, (Plate.14, f£ig.C ).
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Compaction features, both fragmented bioclasts and microsty-
lolitic fabrios ooours. No early diagenetic ﬁodifioations have

been observed.

Peloid Alga Grainstone Miorofacies association (MA.3)

This miorofacies association accounts for more than 90% of
the Llanymynech Member sediménts, occurring as cross bedded (angle
of repose 5~15§ 'shoaling type 1') or massive ihternally.orosq
laminated units, (shoaling 'type’2') traceable over good exposure
along Asterley Rocks, Llanymynech Hill for about lkm as units
rarely > 4m thiock. Unlike any other Asbian.oyoles described herein!
oolitic ocarbonates (MA.3.4) oéour in these sﬁoaling 'type 2' sedi-

ments (see section 8.4.1).

PETROGRAPEY OF MA.3.1 &  MA.3,2 and MA.3.3 These three

microfacies are similar to those developed within the Sychiyn and

Tynant deposits, varying from «125me sands to yudstones (MA.4.1).

Two common oomﬁosition&l characteristiocs ares | ’

1) Sediments of MA.3.2 (in *type 2' shoaling units) are commonly
dominated by fenestellidtbryozba, an exCeedingly rare component
of other Asbian sediments, (Appendix 1V ) up to 19% by volume
e.g. s/m's 1167 3 1170). y

2) A local proliferation of echinodsrm-rich  sediment (also

MA.2.2), including 1ittle—fragmented echinoid spines

Algae are‘cbrrespondingly less significant in these sediments
and beresellids commonly account for < 5% of the rock volume
(of. Tynant and Sychtyn sediments). As in Syﬁhtyn Member ﬁA.3

1ithologies, Koninckopora ocoasionally accounts for about 15% of the

gediment.

The sediments are commonly grey or rust —brown, the latter

¢
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due to finely disseminated haematite. This is discussed in séction

8.2 (e.g. s /m 1144)

8.1.3.2.

PETROGRAPHY OF MA.3.4 OOLITIC GRAINSTONE ' The Llanymynech

Member ié the only Asbian unit recognised in this study with oolitic
sediments well developed (about 5% of measured sections). These
sediments occur within shoaling 'type 2' cross—laminated MA.3 units

as the middle/upper phases of the Member oycles (see chart C and

"fig I19). The sedimenis are rust or grey-brown, either massive or

the range of non—oolitic MA.3 miorofacies in the Llanymynech Member.

stylolitically bedded, commonly with pervasive haematisation (seotion
8.2.1). .

. The laminae are oolitio/hon—politio. Rudstone laminae.
(MA.4.3) are often associated. '

’ The sediments are well—sorted, mud and silt deficient grain-
stones.  Intraclasts peloids and bioclasts are well rounded,(200um
4o 2mm sands. Oolitic coatings are superficial ;nd range up to 150um
thick (Plate 14,fig. E ) Coated grains range from less than 10%
to greater than 50% of the sand fraction. "Fenestellid bryozo;

are common (e.g. 8/&11149),‘but bioclast compositions fall within

Koninckopora is a significant algal sediment contributor, dbut

is present only as mioritised (and haematised) fragﬁentary thalli.

The natu;e of the 0olitic coating is distinctive. It is superficial
and commonly highly ferroan, with disseminated haematite; forﬁing
concentric conoentiations within the overgrowth, (Plate 14,figD )

or often ?replacing the overgrowth completely. Besides oonoent¥ic
tangential growth laminae, vague radial structure is visible (defining(?)
secondary neomorphic fabrics). Carbonate overgrowth laminae do not
show perfectly concentric growth, since in the initial growth stage,

mioroscopic irregularities on the grain's surface are'infilled'.
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The overgrowth, therefore, thins towards grain surface ‘highs',

' Occasionally two or more clasts are united by a single
haematised overgrowih. Neither spastolithic (Hemingway, 1973)
nor dripstone fabriocs (Pullan 1967) have been observed.

" It is not intended to delve into the problems of ooid form-—
ation here. Bathurst (1975, p.308) discusses many of these with
respect to recent 'normal tangential' ooids, and highlights the
mechanioal /physiochemical or organic trapping models for their
formation., Shearman et al. (1970) showed the importance of organio
matrix in ocoids in retaining the primary structure template during
the calcitisation from preourabr aragonite, although Sandberg (1975),
suggested that many fossil oolds may have been primarily calcitic, -

s
invoking a Ms, 0zoic-Cenozoic reduction in Ca/Mg ratio of the world's

A
ocean chemistry.

Newell et al (1960) recognised that o0olith growth commenced
in waters » 2m deep, reaching a maximum at 1.8m below low water in

Bahamian environments.

Intraformational Conglomerate lithofacies (1,7) and MA.4.

L.7 lithofaoles in the Llanymynech Member are limited to

L.7.2 (matrix supported conglomerates)e MA.4,1 are more common
(bioclast peloid—ruds£ones). These two f;cies ooour in °
gimilar settings as desoribed in chapter 7 in the Sychtyn Member,
with L.7.2 located as the basal lithofacies of oycles, with intra-
clasts of MA.1 lithologies derived from underlying oycles. At
G.R. ST 26542183 (01d Quarry, Llanymynech Hill = see chart C)

L.7.2 with MA.l clasts overlies a palaeckarstic surface, but there
is no locally underlying MA.,1, indiocating that transporfation over

some distance (100's to 1000's of metres, possibly from oontemporaiy

Sychtyn Member sediments) ocourred on the transgressive event.
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Rudstones (MA.4d ) frequently occur associated with the oolitic
cross~laminated and oross-bedded units, as thin layers, with only
vague laminated internal structure, but whole-fossil (brachiopod)

coquinas are rare.
8.2 EARLY DIAGENETIC FEATURES OF LLANYMYNECH MEMBER SEDIMENTS,

8 e2ele F\erruginisation.

Within all Llanymynech MA.3 microfacies haematisation has
totally or partly affected varied proportions of the sand size grains.
= .-In fine grained MA.B.I.Bediments,'few grains are haematised, indioc-
ating the influences of transport-mixing (eeotién' 9¢ 3.1 ), and
supporting an early diagenetic origin of the haematite or haematite
precursor. : Haematisation is most widespread and intense within the

coarse grainsfones and oolites of shoaling 'type 2' sediments.

8.2.1.1 ‘PETROGRAPHY o Besides partly haematised oolitic coatings
(seotion 8.1.3.2) bioclast microatru;tures are also replaced in a

.diffuse zone a few miorons thick .on olast surfaces, probably a
consequence of seleotiive replacement of an endolithic micrite rim.

" The ipter—stereome honeycomb™s of echinoid spines are often partiy
haematised, as are miorite-filled bioclasts(?lithoskels), primary
voids further indicating the r;plaoive origin of the (now) iron-
oxides, That some, but not all of the miorite-filled bioclast
primary-voids and some but not all oolitic coatings are partly
haematised infers that the replacement process waa'early a#d oocourred
on clasts prior to final deposition as a sediment of mixed ‘maturity’
(section Je3e 1,2,) after much réworking. In s/h 1149, some
intraclasts are noteably slightly hasmatitic, (Plate 14, fig, F)
Neither chamosite, glauconite, nor sidexite have been observed pet?o-
graphiocally. Intergranular spar lacks the disseminated oryptocry--

stalline haematite.
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8.2.1.2. SIGNIFICANCE OF FERRUGINISATION,. Whether the original

replacive iron mineral was haematite, requires consideration. Iron
. hydroxide (e.ge goethite) is a more probably primary mineralogy thgt
is readily oxidised to haematite (Berner, 1969).

Recent ooids require high energy shoaling conditions for their
formation, with sediment movement preventing them from adhering to-
gether, and allowing growth on all surfaces. The origins of oolitio
iron formations are steéped in controversy. Sorby (1856) inioked a
secondary, post—depositional ferrgginisation, recently defended and
amplified by Kimberley (1979), but a syndepositional origin has also
been applied in many models, from early replacement t{o primary pre-
cipitation. Bradshaw et al (1980) in a reply to Kimberley (1979)
recognised %haﬁ more than one process may be. responsible for the
wide spectrum of oolitic iron formations in the geologiocal record.

From the evidence above, a syndepositional replacement model
is followed for these particular oolitic ironstones, although their
oéourrence in a seqﬁence with varied emergence profiles does not
qompletely pfeolude their formation by an illuviation-replacement
procéss similar to the model erectied by Kimberley (1979). The laock
of a significant.olastio component to the sequence alienates it
from many clastio-carbonate oolitic ironatonqa discussed by Bradshaw
et al (1980, p.295).

The "Bryozoa Bed" of the Lower Limestone Shales in.South Wales
is petrographically very similar to these North Wales oolitioc and
grainstons ironstones, with superfioial haematised coatings, haemat-
ised primary bioclast voids and oclear spar cement matrix. Qree.n.sm.tU\
et al (19#/) proposed its syn-depositional formation.: The Clinton
Formation (Alling 1947) of the United States Silurian 18 also’

analogous in petrographic make-up. Adeleye (1973) described shallow
marine goethite-haematite coolitic facies from the Nigerian Cretaceous.
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Thin interbeds of'oalcar;ous shales and shales in the
Llanymynech Member are very reddened through disseminated haematite,
presumably derived from weathering and transport of hinterland Lower
Palasozoic litharenites and slates (as readily observed in the -
Eglwyseg Formation)e Ferruginisation is here considered as occurr-

‘ ing due tos |

1) Relatively greater movement of oolitﬁs, and higﬁly abraded grains
leading to a greafer time in contact with iroﬁ-charged ma¥ine
waters, both within the surficial sediment laminae and as salt~
ating bed-loaﬁ. This process would not allow a graiq to attain
chemical équilibrium with its‘mioroenvironment. Each grain may
have undergons many suocessive retransportation-redeposition
processes before being finally buried;

2) Potentially iron;charged meteoric waters from the hinterland de-
bouching into a partly enclosed marine environment (see fig 4 )
may have providéd the necessary physisochemical parameters for
replacement of carbonate by iron'minorals, especially within
?algal/baoterial-infested oolitic oﬁatings that may have induced
reducing microenvironments.

3) Further support for this ferruginisatiéh model is indio;ted by
the ferruginous carbonates ococurring predominantly in upper
(shoaling 'type 2') phases of the Llanymynech Member oyoles,
which are interpreted as a regressive development (see section
8. 4.2.2) during which the body and depth of water within the
Oswestry Embayment (see fig. 4 ) would have been substantially
reduced. The ironstones are oocasionally overlain by prominent

‘form A' palasckarsts. (Chapter 11).

8.3. PALAEOECOLOGY OF LLANYMYNECH MEMBER SEDIMENTS.

8.3.1. Macrofauna Palaeoautecology.
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8s301¢1. PORIFERA Chaetetids are a dominant elément of Llanymynech
Member sediments. They occur in association with syringoporoids in
laterally pers}atent biostromes ( Fige 555 ) enéruating brache-
iopod valves, and in turn enorusted by syringoporoidé. There is a |
particularly dense distribution of these bioﬁtromes towards the top
of the "0l1d Quarry", Llanymynech Hill (G.R. SJ. 26522183)s The
colonies show suogessive overgrowth, with associated translocation
of their growth centres (eee fig 56) probably reflecting periodic
disturbance of the colony by higher (than normal) energy bottom
ourrents. A 'mushroom' giowth, initiated on convex-up brachiopod
valves (fig 56) is cha.fa.cteristio and may have been caused by one of
two processes!
1) Current scour around the colony margins producing depressions
. into which the chastetid preferentially grew (cf. flow prinoiﬁl;s
of Rioﬁardson 1968) with eddy effects and.faster flowiné vortices
allowing greater filtering capacities within the scour. Kershaw
(1979) described similar phenomena associated with stromatoporoids
from the Gotland Silurian,
2) Simple periodic overturing of the colonies, allowing an inverted
mushroom growth,
- The latter is most likely,but all the studied colonies exhib-
~iting ;mushroom' growth were orientated convex-up(hydrodynamically
most stable) and lack severs erosional breaks in growth. Growﬁh .
ocourred preferentially on the colony maréins.: . The presenoce
of few thin growth laminae orientated into the axial region of the
muéhroom (fige56.) indicates that growth ocourred for a period of
jime into a central void, presumably inhibited through lack of
. nutrient-laden water flowage. This, therefore, imples that growth
initiated upon oonvex-up brachiopods, with scour around cdlony margins

enhancing marginal growth. Periodic.overtgrning is then suggested by

cohtinuation of this marginal growth, and demise of the upper convex
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surface, Subsequent growth rendered the colony susceptible to fu;ther
overturning (fig 56) . ’ The axis, now infilled with sediment

is a burial—-diagenetic phenomenon. In the most extreme example

of this growth upward bulging sediment laminae and microstylolites
“in this axial sediment body attest to this model. Syringoporoids

preferentially grew on outer margins of the chastetid 'mushe

rooms', that . was probably an' ideal substrate.

8.3.1.2. CNIDARIA. Solitary corals are very rare, represented by
caninids and dibunophylloids, scattered throughout MA.3 miorofacies,

usually with eroded marginaria, The tabulate Syringopors is very'

common, occurring with Chaetetes colonies in laterally persistent
biostromes. The colonies are mostly laid on their sides, indicat-
ing penecontemporary dislodgement, and occasionally enorust dboth
chaetetid colonies and valves of productid brachiopods, although
reciprocal encrustation by chaetetids is not known from this member

(cf. Eglwyseg Formation). Colonies of Syringopora cf reticulata

up to 50cm in longest éxis, have a distinctive growth morphology,

' recognisable in colonies from the lower/ middle cyocles of the
Eglwyseg Formation also. It oomprises one dominant growth axis,
from which oorallites diverge, producing a tall cylindrical colony
that may have subsidiary axes off the main ons. Storm disturbance
may have readily broken off these subsidiary growth‘axes, thereby
propagating new colonies, as reported by Perkins and Enos (1971 )
for broken and transported fragmenits of Porites colonies during
large storms in Florida.Bay.

BRACHIOPODA. " The brachiopod gssemblages are similar to
those of the Sychtyn Member, with Composiia sp rarely ocourring in

monospecific MA.4.l: coquinas.. Linoproionia and Gigantoproductus

of maximus are the two most common productids, both frequently

inverted and with disaggregated valves,
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8.3.1.3. BRYOZOA Both trepostome (e.g. s/m 1146) and more commonly
oryptostome bryozoa, ooccur within MA.2.3 and MA.3 lithologies
(e.g. 8/m 1170). In partiéular 'type 2' shoaling sediments at
times have bryozoans as the dominant clast type.

These bryozoan-bearing MA.3.2 and MA.3.4 hicrofacies within
the shoaling 'type 2' sediments are unique within the Asbian sedim-
ents studied herein. Fenestrate bryozoa (Fenestella sp.) are the
most common, ocourring as colony fragments, up to cm-size, ab¥aded
and oommonly'associated with disseminated haematite and micrite rims,
but locally accounting for over 30% of the sediment clasts by volume,
and greater than half the bioolasté. In contrast, bryozoa in the
overlying Brigantian Trefor Formation (section 10,1.3 ) are most
abundant in MA.2 microfacies,. ‘

Mo .Kinney and Gault (1980) studied the distribution of
Chesterian (U.Dinantian) fenestrates from eastern United States,
concluding that whilst some fenestrate forms preferred more protected

‘.bottom-waters, others thrived on shoals and shoal edges. As Mo,
Kinney and Gault note (1980, p.128) zoarium morphology of the extant
retiporiform bryozoa, a morphol