University of
Bedfordshire

Title The Mid-Ordovician Oolitic Ironstones of North
Wales

Name Robert J.B. Trythall

This is a digitised version of a dissertation submitted to the University of
Bedfordshire.

It is available to view only.

This item is subject to copyright.



o P

30RO s&js 3

m s’ﬁa?%\u—xm i
Vorey P

el 2 TR e R R

e

B

.

=
- i

THE MID-ORDOVICIAN OOLITIC IRONSTONES OF NORTH WALES

by

Robert John Baxter Trythall, M.A. (Oxon.), F.G.S.,

Faculty of Applied Sciences,
Luton College of Higher Education,
Park Square,
Luton,
Beds.
LUl 330

Collaborating Institute: Camborne School of Mines

T ¢ f\'bpo Q’ﬂlc'é
S C"L.Ll

Thesis submitted in partial fulfillment of the degree of Doctor of
Philosophy of the Council for National Academic Awards (CNAA).

October 1988



Gold is for the mistress,
silver for the maid,
copper for the craftsman,
cunning at his trade.

'Good!' said the Baron,
sitting in his hall,
'"But Iron — Cold Iron

is master of them all.‘

Cold Iron -~ Rudyard Kipling
(Rewards and Fairies 1910)
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ABSTRACT

The Mid-Ordovician Oolitic Ironstones of North Wales — Robert Trythall

Oolitic ironstones occur within the Lower Palaeozoic Welsh Basin as
isolated deposits found over a wide geographical area. There are two
phases of ironstone deposition, a minor Upper Arenig phase and a
Mid-Ordovician (Upper Llanvirn to basal Caradoc) phase. Both correlate
with eustatic falls of sea level which exposed the Irish Sea Landmass
lying immediately to the northwest. This exposure resulted in deep
chemical weathering and generation of lateritic soils. Erosion of this
material formed the source for the oolitic ironstones in the Welsh
Basin.

The ironstones formed above stratigraphic hiatuses on sediment
starved shallow water shoals, formed by synsedimentary faulting. These
shoals were the favourable sites for the formation of berthierine
peloids, which formed the nuclei for ooids. Additionally, they were
also the site for the accumulation of berthierine mud, which was
closely linked with the development of ferruginous algal mats.
Bacterial reduction of organic material associated with ironstones,
supplied the necessary reducing conditions for the formation and
preservation of berthierine from a kaolinite/iron oxide precursor.
Ooids formed by rolling over the muddy surface and mechanically
accreting berthierine.

Subsequent tidal current reworking of this sediment resulted in the
formation of the characteristic 1lithological features of the
ironstones, representing a shallowing-up sequence. Progressive current
winnowing led to the formation of a sequence with an upward increasing
ooid content and decreasing mud content. The upper facies of the
ironstones is an ooid bar deposit worked by tidal currents. Cessation
of current reworking allowed faunal colonisation of the bar with
significant bioturbation of the sediment, destroying primary
sedimentary structures. The presence of some grain-ironstones indicate
the original sedimentary state of the upper facies. Tectonic
instability during deposition, by synsedimentary faulting, resulted in
the formation of disturbed ironstones, and debris flows within the
ironstone sequences.

Many features of the ironstones are diagenetic in origin, especially
the formation of phosphate nodules within the ironstone sequence.
These formed just below the sediment/sea water interface, and some
nodules were reworked into overlying beds. The source was phosphorus
released from adsorption on clays and iron oxides, and also released
from organic material. Later siderite development in the ironstones is
indicated by the presence of primary cements in grain-ironstones and
secondary alterations in pack-ironstones. The generation of diagenetic
siderite was dependant upon the amount of organic material within the
ironstones, bacterial reduction of which resulted in the formation of
bicarbonate and ferrous ions.

Same ironstones were subsequently altered during the Caradoc
phase of wvolcanic activity. The formation of magnetite and
stilpnomelane within the ironstones were caused by metasomatic
activity associated with dolerite sills and microgranite intrusions.
Siderite alteration and base metal sulphides resulted from late stage
hydrothermal activity by some microgranites. Contact metamorphism by
granophyric intrusions led to the extensive replacement of the
ironstones by pyrite. Regional metamorphism resulted in the
progressive change of berthierine to chamosite and increased lattice
ordering of chamosite.
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1 INTRODUCTION

1.1 INTRODUCTION

The volcanic history of the Welsh Basin, and by implication its
tectonic setting, has been the main focus of research on Welsh
geology. By contrast little attention has been paid to the oolitic
ironstones. These occur throughout North Wales, in the mountainous
areas of Snowdonia and Cadair Idris, but can also be found in the
low-lying areas of Anglesey and the L1yn Peninsula. The exposures of
these ironstones are predominantly within abandoned mines and adits.
These ironstones, mainly exploited from Victorian times up to the end
of the First World War, are the only example in Britain of an oolitic
ironstone that has undergone metamorphism (Hallimond in Pulfrey
1933a).

1.1.1 Distribution of North Wales Ironstones

Oolitic ironstones are distributed sporadically in the Ordovician
North Wales Basin. They can be found in the Anglesey, Llyn Peninsula,
Snowdonia and Cadair Idris regions (Figure 1l.1). On the basis of their
age the ironstones can be divided into two distinct phases of
development, an uppermost Arenig/basal Llanvirn phase, and a
Mid-Ordovician phase (Figure 1.1l).

The first phase consists of poorly developed ironstone horizons
which occur at the top of the Arenig or the base of the Llanvirn
(Beckley 1987). This interval has been noted as favourable for the
formation of ironstones (Young 1989b). These ironstones occur in the
Bangor district (Greenly 1944; Howells et al. 1985), the Llyn
Peninsula (Nicholas 1915; Crimes 1970; Cattermole & Romano 1981), the
Arenig area (Beckley 1986), near Dolgellau (Cox & Wells 1927; Kokelaar
1979) and in the Arans (Dunkley 1978). The majority of these deposits
are dated by graptolite faunas which place them in the hirundo
Biozone. Those ironstones not dated by graptolites are placed at the
top of the Arenig on the basis of local lithostratigraphic
correlations (Beckley 1986,1987).
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The Mid-Ordovician Ironstones form the second phase (Trythall et al.
1987; Trythall 1989). These ironstones, which are the subject of this
investigation, are found in Anglesey (Greenly 1919; Bates 1972), the
L1yn Peninsula (Nicholas 1915; Crimes 1969; Tremlett 1962), Snowdonia
(Greenly 1944; Reedman et al. 1983; Smith 1987; Bromley 1963) and
Cadair Idris (Cox 1925; Jones 1933; Dunkley 1978).

1l.1.2 History of Research on the North Wales Ironstones

Little attention has been paid to the North Wales Ironstones since
Pulfrey (1933a) first described their petrology. Strahan et al. (1920)
reviewed the occurrence and field relationships of the ironstones, and
Pulfrey's (1933a) research relied heavily on the descriptions of
Strahan et al. (1920). There were, however, other research workers who
mentioned the occurrence of ironstones in their mapping area
(Fearnsides 1910; Nicholas 1915; Greenly 1919; Cox 1925). Fearnsides
(1910) suggested that the Tremadog ironstone was a metasomatic deposit
formed by the intrusion of a dolerite sill along a thrust plane, with
metasomatic fluids flowing along other thrust planes. Subsequent
researchers proposed that the North Wales Ironstones were sedimentary
in nature (Nicholas 1915; Strahan et al. 1920; Cox 1925). This
suggestion was accepted when Pulfrey (1933a) presented his paper. Cox
(1925) suggested that the thick sequence of spilitic lavas beneath the
Cadair Idris ironstone could be the source of iron. Pulfrey's (1933a)
proposition was the formation and deposition of ooids within a
ferruginous gel to form the ironstones.

Weinberg (1973) concluded that the ironstones all occurred in the
gracilis Biozone at the base of the Caradoc. Material from lateritic
weathering of the Lake District Borrowdale Volcanics was eroded during
the gracilis transgression and formed the source of material for the
ironstones. The ooids were formed as mud-balls during the rapid
erosion of deposited argillaceous sediment. When the current waned the
ooids were deposited in poorly-sorted, graded bedded sediments.
Mineralogical differences within ocoid laminae were subsequently formed
beneath the sediment/sea water interface. More recent research, in
which the ironstones are referred to, has attempted to place the
ironstones within a &regional stratigraphy, with 1little or no
explanation of their mode of origin (Tremlett 1962; Evans 1968; Crimes
1969; Davies 1969; Cattermole & Jones 1970; Bates 1972; Ridgway 1976;
Dunkley 1978; Roberts 1979; Reedman et al. 1983; Howells et al. 1985).
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1.1.3 Mining History

The North Wales Lower Palaeozoic rocks contain a varied collection
of mineral deposits. The main beriod of mining was in the 19th
Century. The principle metals extracted were gold, copper, zinc, lead,
barium, manganese and iron (Foster-Smith 1977 a&b). Of these only gold
has been exploited over the last ten years, mainly recovered from
quartz veins in carbonaceous shales to the north of Dolgellau
(Bottrell et al. 1988). Copper, lead and zinc were mined throughout
North Wales (Archer 1959). These deposits are all hydrothermal in
origin, either volcanogenic (Reedman et al. 1985), magmatic (Rice &
Sharp 1976; Allen et al. 1976) or orogenic (Dunham et al. 1978). By
comparison, the iron and manganese deposits in North Wales are thought
to be wholly of sedimentary origin. Manganese occurs in the Cambrian
in the Harlech Dome, and in the Cambrian and Ordovician in the Ll¥n
Peninsula (Bennett 1987).

The peak of mining of the North Wales Ironstones, outlined by
Strahan et al. (1920), was in the 19th Century; some were mined up to
the end of the First World War. Ironstone workings were known to have
existed at Betws Garmon and Tyllau Mwn as early as 1°38. But the
majority of mines were opened during the 1850's. The Tremadoc
ironstone was discovered when digging in search of coal in black
shales associated with the ironstone. Most of the mining ceased during
the 1870's, although the Aber and Gorddinog mines were discovered and
exploited 1915-1916, and the Betws Garmon and Llandegai ironstones
were mined up to the end of the First World War. Most of the ironstone
mines were worked at a shallow depth as open pits, but a few were
mined underground (Betws Garmon and Cross Foxes). The main economic
viability of these ores was handicapped by their phosphorus and
sulphur contents, which was reduced by weathering. This explains why
most ironstones were only exploited in shallow pits. In the case of
those ironstones mined underground, the hardness of the ore obtained
was detrimental to its market value. Approximately 300,000 tonnes of
iron ore were removed from North Wales (Strahan et al. 1920), of which
one third came from Betws Garmon. The ore fram the ironstones was
shipped to the steel works of South Wales.
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1.2 GEOLOGICAL EVOLUTION OF THE NORTH WALES BASIN

The North Wales region is composed mostly of Lower Palaeozoic
sediments and volcanics, with minor exposures of Precambrian, Devonian
and Carboniferous rocks. During the Lower Palaeozoic the Welsh Basin
was bound to the northwest by the Irish Sea Landmass, which separated
it from the Lake District-leinster Basin further to the northwest.
Further northwest again lay the closing Iapetus Ocean, while to the
southeast lay the Midland Platform. Gibbons & Gayer (1985) and Hutton
(1987) have interpreted the Caledonides as a series of discreet
terranes (Figure 1.2). They interpret the juxtaposition of the Irish
Sea Landmass (Mona terrane) as a suspect terrane which docked against
the Welsh Basin at the start of the Cambrian.

The Welsh Basin was founded on immature continental crust of
Precambrian age, younger than 900 Ma (Kokelaar et al. 1984), which
crop out on Anglesey and the L1lyn Peninsula (Figure 1.3). The
northwest and southeast margins of the Welsh Basin were defined by
reactivated northeast to southwest basement faults which, with north
to south trending faults (Figure 1.3), controlled the topology,
sedimentation and volcanism throughout the Lower Palaeozoic (Kokelaar
et ;l. 1984). The tensional Welsh Basin was continuously active
throughout its Lower Palaeozoic history, with no quiescent periods
(Fitches & Woodcock 1987).

1.2.1 Lower Palaeozoic History

An outline of the geology of North Wales is given in Figure 1l.3.
This also shows the distribution of the major faults which were active
during the Lower Palaeozoic. The earliest record of volcanic activity
in North Wales is represented by the early Cambrian Arfon Group
(Reedman et al. 1984). Large thicknesses of acid volcanic rocks
accumulated in major fault controlled grabens which were subsequently
infilled by marine sediments during the Cambrian. Uplift and erosion
at the end of the Tremadoc, associated with island arc type volcanism
(Bevins et al. 1984), was followed by a renewed transgression in the
early Arenig (Beckley 1987), where sediments onlapped onto
progressively older rocks to the northwest. Sedimentation, dominated
by fine-grained shelf siliciclastics, continued up to the Caradoc,
which was marked by the onset of major volcanism in North Wales
(Rokelaar et al. 1984; Howells et al. 1985). The volcanism,
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Figure 1.2 British Caledonian Terranes (after Gibbons 1987). 1)
northwest Foreland; 2) Northern Highland {(Moine); 3) Grampian
(Dalradian); 4) Midland Valley; 5) Southern Uplands; 6) Lakesman; 7)
Monian: B) Welsh Basing 2) Midland Platform; 10) North Armorican.
Except for the Moine Thrust, terrane boundaries are either
dominantly steep fault systems (Great Glen, Highland Boundary,
Southern Uplands, Menai Strait, Pontesford-Church Stretton) or are
unexposed, The study area for the ironstones is outlined.
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sedimentation and tectonic activity in the Welsh Basin have been
placed within a general model of Ordovician plate tectonics (Campbell
et al. 1988; Rokelaar et al. 1984). It is proposed that the Welsh
Basin was transitional from a volcanic arc to a marginal basin in a
back arc setting (Bevins et al. 1984), underlain by immature
continental basement undergoing extension (although no oceanic crust
was formed).

1.2.2 Deformation and Metamorphism

During the Caledonian Orogeny (end Silurian to early Devonian) the
previously tensional regime for the Welsh Basin became a compressional
one, which inverted the basin with a component of renewed reactivation
along the basement faults (Fitches & Woodcock 1987). The deformation
in North Wales is characterised by northeast to southwest trending
upright folding, with an arcuate pattern and a penetrative axial
planar cleavage (Coward & Siddans 1979; Campbell et al. 1985; Smith
1987; Wilkinson 1987; Wilkinson & Smith 1988). Discrete zones contrast
markedly with this regional pattern and have been interpreted as
deformation above basement faults or fractures (Wilkinson & Smith 1988
and Figure 1.3).

Recent publications on metamorphism in North Wales (Roberts 1981;
Bevins & Rowbotham 1983; Merriman & Roberts 1985; Roberts & Merriman
1985; Robinson & Bevins 1986) have used metabasite assemblages and
illite crystallinity of metapelites to determine metamorphic grade,
showing that the highest grades are low-grade greenschist facies
(epizone) in Central Snowdonia and the Harlech Dome, with grades
decreasing away from this area (Figure 1l.4). The metamorphic grades
reflect burial metamorphism, at a P/T gradient of 25°C/km (Robinson &
Bevins 1986). The highest grades reflect the area of thickest
accumulation of sediment, although it may also have been affected by
the intrusion of a number of plutons. However, it has been proposed
that metamorphism was pre-deformation due to a high heat flux because
of crustal thinning due to extension (Bevins & Robinson 1988).
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1.3 AIMS OF THE INVESTIGATION

The sedimentary sequences in which the ironstones are contained are
fine—-grained siliciclastic sediments. Stratigraphic and
sedimentological research of these sequences in the past has been
hampered by poor biostratigraphy and low-grade metamorphic
overprinting of the diagnostic sedimentary structures, textures and
mineralogy. In turn this has hampered any research into the
ironstones, which occur as discrete bodies within the fine argillites.
Despite this deformation and metamorphism, sufficient sedimentary
textures are preserved for a sedimentological study of the North Wales
Ironstones.

1.3.1 Objectives of the Investigation

The aim of this work is to study the sedimentation, diagenesis and
subsequent alteration of the North Wales Ironstones, and then to place
the ironstones within the context of current knowledge of the Welsh
Basin and Phanerozoic ironstones. The specific objectives are:

1) To establish the distribution of the ironstones and detail
their field relationships.

2) To determine the ages of the ironstones and place them within
a regional stratigraphy.

3) To determine the environments of deposition of the
ironstones.

4) To document the diagenetic history of the ironstones.

5) To document further alterations of the ironstones.

6) To compare and contrast the history of the ironstones

obtained to current knowledge of the Welsh Basin (Fitches &
Woodcock 1987; Kokelaar et al. 1984) and to other oolitic
ironstones (Young & Taylor 1989).

1.3.2 Outline of the Thesis

The thesis is presented through a geological history of the
development of the ironstones, fram the origins and sedimentation,
through the diagenesis to metasamatic and hydrothermal alterations.
The distribution and stratigraphy of the ironstones (Chapter 2) are
followed by the sedimentation of the ironstones (Chapter 3), including
a description of their geochemistry. Diagenesis of the ironstones

~22-



(Chapter 4) is mainly a petrological study supplemented by X-ray
diffraction (XRD), electron probe micro-analysis (EPMA) and X-ray
fluorecence (XRF) analysis. The same techniques are also used to
determine the metasomatic and hydrothermal alterations of the
ironstones (Chapter 5). This work is concluded (Chapter 6) by a
comparison of the North Wales Ironstones to the more problematic areas

of Phanerozoic Ironstone formation and Welsh Basin history.

1.3.3 Methodology

A number of analytical techniques have been used to supplement the
field and petrographic descriptions of the ironstones. Samples
collected in the field for further study (XRD, EPMA, XRF and
inductively coupled plasma emission spectroscopy (ICP)) are detailed
in Appendix 1, which gives sample numbers, their 1location and
analytical techniques used.

A total of 32 samples was analysed by XRD at Oxford University to
identify and study the structure of the iron-bearing sheet silicate in
the ironstones. Bulk rock XRD was used to identify the mineralogy of
the ironstones studied in thin section. The analytical conditions and
results are given in appendix 3. Electron probe micro-analysis was
undertaken at Cambridge University on 16 polished thin sections to
study chamosite, apatite, siderite and stilpnomelane compositions
(Appendix 4). From the EPMA spot size only siderite, stilpnomelane and
large chamosite crystals could be analysed with confidence. Therefore,
Appendix 4 gives analytical conditions, methodology for ensuring pure
analyses and EPMA results.

A total of 37 samples were analysed by XRF at Nottingham University
for the major and 18 trace elements. These samples consisted of 4
grain-ironstones, 25 pack—ironstones, 6 wacke-ironstones, 1 chamositic
mud-ironstone and 1 feebly oolitic sideritic ironstone. The XRF data
presents the major elements as weight percent oxides, and the trace
elements as parts per million (ppm) element. Total iron, Fe203(T), was
calculated as E‘e203. The FeII/FeIII
by wet chemical methods (Appendix 5). The results of the XRF data are
given in Appendix 5. The XRF data was studied using a multivariate
statistical analysis package (Heley 1980) and a MINITAB data handling
package on a VAX mainframe computer. Multivariate statistical analysis

ratio was subsequently determined

of the data showed up the natural groupings and associations of the
data set. These groupings were then studied using MINITAB, which can
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plot any element against another, calculate the Pearson Correlation
Coefficient (r) and the equation for the regression line. ICP analysis
for the rare earth elements (REE) was also undertaken on 18 of the XRF
samples, the results of which are given in Appendix 5. The samples
were analysed by ICP at Oxford Polytechnic, the method of preparation
after Jarvis & Jarvis (1986).
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1.4 CLASSIFICATION OF IRONSTONES AND NOMENCLATURE

Until recently there was confusion over the definition of
ironstones, over the distinction of oolitic ironstones from Banded
Iron Formations (BIF), and over the nomenclature used in describing
ironstones. For example, there is confusion in the use of such terms
as 'Clinton type ironstones' and 'Minette type ironstones', and in the
use of the terms chamosite and chamositice. These uncertainties have
been largely resolved by a workshop during the 'Phanerozoic
Ironstones' Symposium (Sheffield University, April 1987). The
recommendations, which are adopted in this thesis, will be published
elsewhere (Young 1989a).

l1.4.1 Definition of an Ironstone

An ironstone is defined as a ferruginous sedimentary rock of any age
containing 15% or more Fe of primary origin (depositional or
diagenetic) (James 1966, Kimberley 1978, Van Houten & Bhattacharrya
1982). Oolitic ironstones are distinguished fram 'Banded Iron
Formations' in that they are dominantly Phanerozoic, predominantly
contain coated grains, are cammonly aluminous, contain no chert, and
are not banded. The dominant iron-minerals are berthieroid, goethite,
siderite and haematite (Maynard 1983, James 1966).

Phanerozoic Ironstones (SCOS-IF, sandy, clayey and oolitic, shallow
inland-sea iron formation - Kimberley 1978) have previously been
referred to as 'Minette' and 'Clinton' type ironstones (Gross 1970).
These terms are not used as they are not adequate as standard facies
types to be used as a reference type. While a facies term to
distinguish different Phanerozoic Ironstone types is needed, more work
is required before such a scheme can be suggested (Young 1989a). The
term 'ironstone formation' (Van Houten & Bhattacharrya 1982, Howard
1985) refers to a mappable rock unit composed mostly of ironstone
(sensu stricto). It should not be confused with the Precambrian
'Banded Iron Formations'.

1l.4.2 Nomenclature of ironstones

In describing the North Wales Ironstones, Weinberg (1973) used the
classification scheme of Taylor (1949). A similar scheme was used
earlier by Pulfrey (1933a). Taylor's (1949) scheme proposed that the
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primary classification of the rock (either ironstone, sandstone or
mudstone) should be determined by the nature of the matrix, with
secondary subdivisions based on the nature of the ooids. Adjectival
prefixes are used for the minerals of the groundmass and substantive
prefixes for for those of the ooids. Therefore a rock with limonite
ooids in a siderite matrix is a sideritic limonite oolite (Taylor
1949). The main disadvantage of this scheme are that it includes no
textural information. The mineralogy of ironstones is diagenetically
very variable, hence the lack of consistency in adopting a purely
mineralogical description (Dimroth 1975). It is probably more useful
in ironstones to stress the textural information in the nomenclature,
leaving the user to add as much or as little mineralogical information
as the context requires.

The nomenclature proposed for Phanerozoic Ironstones (Young 1989a),
is an adaptation of the limestone classification scheme of Dunham
(1962). One suggested qualification is the use of ’..stone' in the
Dunham scheme should be replaced by '..-ironstone‘’ (eg mud-ironstone,
pack-ironstone). This is because of the occurrence of both ironstones
and limestones in a single sedimentary sequence. The nomenclature for
the allochems within the ironstones follows those of limestones, with
an '..idal' termination of allochem names (eg ooidal grain-ironstone,
oncoidal wacke-ironstone). To include mineralogy, it should be given
as a noun for the allochem and as an adjective (if the adjectival form
is available) for the groundmass. Thus a matrix-supported ironstone
with 15% goethite ooids in a chamosite-rich matrix would be termed a
goethite ooidal chamositic wacke-ironstone.

This classification is suitable for the majority of oolitic
ironstones, but it would not give a complete textural description of
the North Wales Ironstones for two reasons. The North Wales Ironstones
contain ferruginous oncoids and stromatolites, and also reworked
sedimentary clasts. These two aspects are not covered unless the
modifications to the Dunham scheme by Embry & Klovan (1971) are
included in the ironstone classification scheme. Therefore the terms
float-ironstone, rud-ironstone and bind-ironstone should  Dbe
incorporated. Secondary subdivisions of the matrix follow the Dunham
scheme. Therefore an ooidal pack-ironstone containing cobble-sized
phosphatic clasts which do not support each other, would be a
phosphatic float-ironstone in an ooidal pack-ironstone.

This nomenclature to describe the North Wales Ironstones replaces
the one previously used by Trythall et al. (1987). Table 1.1 equates
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the namenclature used here with that of Trythall et al. (1987).

Trythall et al. (1987) This Work

chamositic mudstone chamositic mud-ironstone
oolitic pisolitic mudstone ooidal wacke—-ironstone

massive oolitic ironstone ooidal pack-ironstone

massive oolitic ironstone

with a sparry cement ooidal sideritic grain-ironstone

Table 1.1 Nomenclature of the North Wales Ironstone facies: a
camparison of this work with Trythall et al. (1987).

Throughout this work, the chlorite terminology is after AIPEA
(1980). Therefore chamosite is a 2:1 iron-rich trioctahedral 1l.4nm
chlorite with FeII as the dominant divalent octahedral cation, while
berthierine is an Fe-rich 1:1 layer silicate of the serpentine group
(0.7nm repeat) having appreciable tetrahedral aluminium. However, a
field and petrographic term for an iron-rich clay is needed
(previously ‘'chamositic') and it is recommended that the term

berthieroid should be used (Young 1989a).

1.4.3 Terminology of the coated grains

The North Wales Ironstones have previously been described as oolitic
and pisolitic (Pulfrey 1933a, Weinberg 1973), although neither author
recognised the relative abundance of oncoids within the ironstones.
The nomenclature of allochems follows the recommendations of Young
(1989a) although with some minor differences, detailed below. These
are due to the peculiarities of the North Wales Ironstones. As
ferruginous oo0ids are morphologically similar to recent calcareous
ooids (Kimberley 1983), the nomenclature for ferruginous allochems
follows that of calcareous allochems. Richter (1983a) in describing
coated grains uses the descriptive terms ooids and oncoids, which are



adopted here. Richter (1983b) describes ooids as:

1) formed by a cortex and nucleus variable in composition and
size,

2) as having a smoothly laminated cortex,

3) increasing in sphericity with growth,

4) lacking constructive biogenic structures.

Oncoids are distinct from ooids in that their laminae are irregular
(often wavy) and usually discontinuous. However the term oncoid also
has a genetic implication of an algal/organic origin (Dahanayake
1977). The terms pisoid (an ooid larger than 2mm - Richter 1983b;
Young 198%9a) or the term microoncoid (an oncoid less than 2mm in size
- Young 1989a; Dahanayake & Krumbein 1986) are not used in this work.
This is because ooids and oncoids have a continuum in size and
therefore it would be misleading to place an artificial size barrier
on allochem classification. However, the size of allochems (and clasts
and nodules) 1is important in classifying the texture of the
ironstones.
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2 DISTRIBUTION AND STRATIGRAPHY OF THE IRONSTONES

2.1 INTRODUCTION

The North Wales Ironstones may be grouped into four geographical
areas: Anglesey, Llyn, Snowdonia and Cadair Idris (including the
Arans). In this chapter the occurrence of ironstones within each area
is described. Although the ironstones are distributed over a wide
geographical area, their occurrence is sporadic being separated by
large areas of non-occurrence. A field guide to the main ironstone
localities is to be published elsewhere (Trythall 1989). It is the
intention of this chapter to document all Mid-Ordovician ironstone
localities and describe the features exposed.

2.1.1 General Characteristics

Throughout North Wales, the ironstones can easily be distinguished
from the adjacent fine-grained clastic sediments by their poorly
cleaved or uncleaved nature and by their darker colour, which weathers
to a strong orange/brown colour. The typical sequence is of basal
chamositic mud-ironstones interbedded with mudstones, siltstones and
shales. This is followed upwards by a transitional facies (ooidal
wacke—-ironstones, or alternating lenses of  pack-ironstone,
wacke-ironstone or float-ironstone in mud-ironstone) with an upward
increasing ooid and oncoid content and decreasing mud content. The top
of the ironstone is marked by an ooidal pack-ironstone, ooidal
wacke-ironstone with pack-ironstone patches or float-ironstone (more
rarely an ooidal grain-ironstone), which reverts abruptly to overlying
clastic mudstones.

Within the ironstone sequence early diagenetic phosphate nodules, up
to 10cm in length, are a conspicuocus feature. Nodules do not occur in
the ooidal grain-ironstones. In the ooidal pack-ironstones they are
amoeboid in shape with diffuse margins (Figure 2.l.a). In the
underlying muddier facies they are rounded, with sharp, well defined,
margins; some localities show a pronounced bedding alignment. When
fresh, the nodules are dark grey and show little of the internal
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Figure 2.1 Phosphate nodules within ooidal pack-ironstones (Pen y Gaer
SH 2992 2821). a) Nodules (N) are distinctive by their white colour
when weathered. b) A loose packing of ooids can be seen within the
nodules.
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texture, but on weathered surfaces they are white, displaying randomly
scattered ooids and oncoids (Figure 2.1.b), brachiopod fragments and
sponge spicules (Pulfrey 1933b).

2.1.2 Biostratigraphy

The North Wales ironstones do not commonly contain stratigraphically
useful fossils. In the past various ironstones have been assigned to
different stratigraphic levels in the Ordovician (and Cambrian),
although some ironstones have already been reliably dated as they
contain good graptolite faunas. To clarify the stratigraphic position
of all the North Wales Ironstones, selected ironstone samples, or
mudstones immediately adjacent to ironstones, were collected for age
determination using acritarchs, in collaboration with Dr. Stuart
Molyneux (BGS Keyworth). This lead to the publication of new ages for
the ironstones (Trythall et al. 1987). Work on Ordovician acritarch
dating in Britain is still at a preliminary stage, but it is now
possible to assign ages to most of the ironstones, based on the known
ranges of acritarchs in Britain, their occurrence elsewhere, and the
composition of the associated published graptolite faunas{Fiqun ).

Trythall et al. (1987) found three differing acritarch assemblages
for the North Wales Ironstones. The first is an U.Llanvirn assemblage
(Bryn Poeth), the next is a Lower or Middle Llandeilo assemblage (St.
Tudwals, Betws Garmon, Llandegai, Trefor) and the third is a basal
Caradoc assemblage (Tremadog). The stratigraphic age of each ironstone
locality will be included with the description of its lithology.



2.2 ANGLESEY

The ironstones on Anglesey have previously been described by Greenly
(1919), Strahan et al. (1920) and Bates (1972). Since these works were
published, most of the smaller localities are no longer, and so they
have been located from Greenly's original field slips (at the British
Geological Survey, Bberystwyth). Their description is taken from the
above three authors. Greenly (1919) described three types of ironstone
on Anglesey, feebly oolitic grey siderite rocks, feebly oolitic
ferrified grits and oolitic ironstones. The distribution of the
localities and the different ironstone types are shown in Figure 2.2.
In only four pits are ironstones now exposed: Porth Padrig, Fferam
Uchaf, Tynyronen and Bryn Poeth.

2.2.1 Porth Padrig [SH 3756 9434]

This ironstone, plus the Penterfyn [SH 382 946] and Porth Pridd [SH
407 945] ironstones, occur in Caradoc outliers On the Gwna Melange
(Bates 1972). These ironstones are dated, by graptolite faunas
recovered from shales adjacent to the ironstone, as occurring in the
gracilis Biozone (Greenly 1919). These ironstones are the feebly
oolitic siderite ironstones of Greenly (1919). At Porth Padrig the
ironstone is exposed in the cliff (Figure 2.3) as a pale brown,
strongly weathered, featureless ironstone. However on the foreshore
are exposures of fresh grey and feebly oolitic ironstone.

2.2.2 Fferam Uchaf [SH 3626 8675]

All the ironstones in this central zone (Figure 2.2), apart from
Mynydd y Garn (an oolitic ironstone), are feebly oolitic ferruginous
grits occurring within the basal beds of the gracilis transgression
across central Anglesey (Bates 1972). This ironstone is dated by
shales of the gracilis Biozone exposed in Fferam Uchaf Farm (Bates
1972). The Fferam Uchaf ironstone outcrops in a small pit just to the
northwest of Fferam Uchaf Farm (Bates & Davies 1981), which exposes
1.5m of dark flaggy chamositic mud-ironstones with thin interbedded
grits and conglomerates with sparse ooids. The ironstone rests on
murchisoni Biozone shales exposed to the south of the farm (Bates &
Davies 1981).
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distribution of the three different ironstone types, squares -
feebly oolitic sideritic ironstones, triangles -~ feebly oolitic
ferrified grits, circles — oolitic ironstones. Shaded area is the
Ordovician outcrop.
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Figure 2.3 The Porth Padrig ironstone [SH 3756 9434]. The adit on the
left (A) is into gracilis Biozone shales. Intensively weathered
ironstone is exposed in the main adit to the right (B) while fresh
ironstone is exposed on the foreshore (C).




2.2.3 Tynyronen [SH 4327 7932]

This ironstone is also of gracilis Biozone age (Greenly 1919) and
is a small exposure 300m to the northeast of Tynyronen Farm. Most of
the pit is of cleaved chamositic mud-ironstone with abundant phosphate
nodules. In the southwest corner of the pit is a small exposure of
strongly weathered oolitic ironstone. Near Llangwyllog church ([SH
439789], 800m to the southeast of Tynyronen Farm, Bates (1972)
described a small guarry with nodular oolitic ironstone, now no longer
exposed.

2.2.4 Bryn Poeth [SH 6016 7958]

The Ordovician sequence exposed in southeast Anglesey, described by
Greenly (1919) and Bates (1972), consists of Arenig grits resting
unconformably on Precambrian schists, succeeded by U.Arenig shales
(Beckley 1987). Greenly (1919) noted the absence of the bifidus
Biozone in this area, as the next exposure in the stratigraphic
sequence 1s the Bryn Poeth ironstone with an U.Llanvirn graptolite
fauna (Greenly 1919, p432).

The Bryn Poeth ironstone is uncleaved and undeformed and therefore
preserves the best sedimentary structures of all the ironstone
localities in North Wales. The vertical sequence exposed is shown in
Figure 2.4. Bedding at this locality strikes 200° and dips 16W. In
the lower part of the unit (Figure 2.4; section B) the base of the
unit consists of clastic shales and feldspathic sandstones, with thin
beds of chamositic mud—-ironstone, all with sparse ooids. This grades
up into a unit with laminated silty chamositic mud-ironstone at the
base into lenses of ooidal pack—ironstone or oncoidal float-ironstone
in chamositic mud-ironstone. Cutting into this is a small channel
infilled with a fining-up sequence (Figure 2.5). This is followed by
two units, each approximately 0.5m thick, of basal laminated muddy
siltstone to chamositic mud-ironstone, which grades up into ooidal
pack-ironstone by increasing the thickness and frequency of the ooidal
pack-ironstone lenses and decreasing the chamosite mud content. Each
cycle is capped by a thin ooidal grain-ironstone, now strongly
weathered, which has a number of erosional surfaces within it.

The lenses of pack—ironstone in mud-ironstone plus the beds of
pack-ironstone also contain detrital quartz and feldspar grains, not
seen in the mud-ironstone. Graptolites and inarticulate brachiopods
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“igure 2.4 Lithological log of the Bryn Poeth ironstone [SH 6016

. 7958]. A the exposure of the upper part of the sequence on the
Southwest side of the pit, and B is the exposure of the lower part
Of the ironstone sequence on the east side of the pit. C is
€Xposures of nodular shales immediately above the ironstone.

-36-

Poorly sorted oncoidal ooidal pack-ironstone, with abundant
phosphate nodules. Within this occur thin (30cm) beds of

fine-grained ooidal pack-ironstone

Vertical Scale

(cm)
40

20

B 0

laminated silty chamositic mud-ironstone

ooldal pack-ironstone grading up into an ooidal
grain-ironstone

ooidal wacke-ironstone

taminated silty chamositic mud-ironstone

ooidal pack-ironstone grading up into an ooidal
grain-ironstone

ooidal wacke-ironstone

laminated silty chamositic mud-ironstone

laminated silty chamositic mud-ironstone, grading up into a
flaggy ooidal wacke—-ironstone with a small channel

laminated silty chamositic mud-ironstone, with ooids
and thin shales

shale
laminated silty chamositic mud-ironstone

feldspathic sandstone with ooids

chamositic mud-ironstone, becoming flaggy upwards

shale



Figure 2.5 Scour and fill structure in the top of a lense of
pack—-ironstone in chamositic mud-ironstone (Figure 2.4), Bryn Poeth
[SH 6016 7958] . The base of the scour is marked by reworked
phosphate nodules and oncoids, with mud and ooids infilling the

remainder of the scour.
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are found in this sequence and burrow mottling indicates some
bioturbation of these sediments, although it is not sufficient to
disturb the laminated sediments or the lenses of ooidal
pack-ironstone.

The top oncoidal float-ironstone in ooidal pack-ironstone (Figure
2.4; section A) is lithologically heterogenous, poorly sorted and
contains early diagenetic siderite. Within it are thin (30cm) beds of
fine-grained ooidal pack-ironstone, with a high detrital quartz and
feldspar content. This ironstone sequence is succeeded by shales with
diagenetic phosphate nodules (Figure 2.4;C).
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2.3 LLYN

Two ironstones are exposed in the Llyn Peninsula, at Trefor
(Tremlett 1962) and in the St. Tudwals (Crimes 1969; Nicholas 1915).

2.3.1 Trefor [SH 3715 4747 to SH 3677 4739]

Little is published on the geology of the Trefor region, apart from
studies by Tremlett (1962) and Roberts (1979). The ironstone is
exposed on the Trwn y Tal Peninsula. The sediments adjacent to the
ironstones on the peninsula are fine-grained laminated sandstones,
siltstones and silty mudstones of possible Arenig age (Roberts 1979),
although Trythall et al. (1987) assign a Llandeilo age to the
ironstone based on acritarchs collected from mudstones and siltstones
immediately adjacent to the ironstone.

The eastern ironstone locality consists of two pits (Figure 2.6.a),
but only the upper pit exposes ironstone (Figure 2.6.b). Bedding is
near vertical striking ESE to WNW, and the beds young to the north.
The southern wall of the pit is made up of cleaved chamositic
mud-ironstone with abundant phosphate nodules. Slickenside planes and
chloritic pressure solution seams cut through the mud-ironstone, and
the phosphate nodules are broken up by quartz veins and by chloritic
pressure solution seams. The back (west) wall of the pit exposes
ooidal wacke-ironstone interbedded with laminated siltstones. The
North Wall is composed of oncoidal float—ironstone in ooidal
pack-ironstone, and is cut up by numerous (now weathered) pyrite
veins. Just above the north wall pale laminated muddy sandstones
showing small-scale cross bedding are exposed.

In the central part of the Trwn y Tal peninsula at the edge of the
cliff [SH 3687 4741] is another ironstone working. This exposure
consists of fault bounded blocks of oncoidal float-ironstone in ooidal
pack-ironstone, where the faults are now filled with pyrite, with
pyrite also disseminated within the ironstone. Numerous slickenside
planes and boudinaged quartz veins can be seen.

The most westerly exposure of the ironstone [SH 3675 4739] consists
of three parallel trenches, where the bedding strikes 234° with
vertical dip. The northernmost trench (the main exposure), where
bedding youngs to the south, exposes 2m of oncoidal float-ironstone in
ooidal pack-ironstone, with cleaved pale grey mudstones above the
ironstone exposed along the south wall (Figure 2.7). The
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Figure 2.6 The Trefor ironstone. a) The easterly ironstone exposure on
the Trwn y Tal peninsula looking westward. Only the upper of the
two pits [SH 3715 4747] exposes the ironstone. The westerly
exposure of ironstone is on the left side of the photograph just
over the rise of the hill. b) Details of the easterly exposure
locking west, the younging sequence to the right (north), 1 nodular
chamositic mud-ironstone, 2 ooidal wacke-ironstone interbedded with
siltstone, 3 ooidal pack-ironstone strongly pyrite rich.

-40-—




Figure 2.7 Trefor west pit [SH 3675 4739], facing westwards. Younging
direction is to the left (south). 1 cleaved pale grey mudstones, 2
oncoidal ooidal pack-ironstone. The right wall also exposes a thin
oncolite bed (Figure 2.8) which is only intermittently exposed
because of offset by faults.



float-ironstone is poorly sorted, containing stromatolite crusts and
abundant variously shaped oncoids (Figure 2.8.a), which are composed
of chamosite and phosphate lamellae around a chamositic core, and are
up to 4cm in size. A thin (10cm) oncolite bed is exposed at this

locality (Figure 2.8.b), with some oncoids showing partial replacement
of the chamosite by haematite.

2.3.2 St. Tudwals [SH2984 2829 to SH2002 27i4)

In the St. Tudwals peninsula, Cambrian sediments are unconformably
overlain by the Tudwals Sandstones, succeeded by the Llanengan
Mudstones (Figure 2.9 and Nicholas 1915), both of hirundo Biozone age
(Beckley 1987). These are unconformably overlain in turn, although
with little apparent discontinuity, by the Hen dy Capel Ironstone and
Pen y Gaer Mudstones (Crimes 1969). Originally this unconformity was
interpreted as a thrust (Nicholas 1915), similar to that found at
Tremadog (Fearnsides 1910). Similar tectonic disruption can be seen
within the ironstones in both areas. Trythall et al. (1987) assigned
an age to this ironstone of early Middle Llandeilo at the base of the
gracilis Biozone. The St. Tudwals region is bounded just to the north
by a thrust zone (Crimes 1969; Roberts & Merriman 1985), where
Tremadoc and Arenig sediments of different character to those found in
the St. Tudwals region occur to the north of this thrust.

The Pen y Gaer ironstone has been used as the key section for this
area as it shows the least effects of tectonic disturbance. The
ironstone sequence is exposed in two pits. A minimum thickness of 16m
is estimated for this ironstone. The lower sequence is exposed on the
side of the hill [SH 2984 2829]; the upper sequence of the ironstone
is seen on the top of Pen y Gaer [SH 2992 2821] (Figure 2.9). Bedding
in the lower sequence dips 40° to the northwest, although in an
adjacent ironstone pit also exposing the lower part of the ironstone
sequence the bedding is vertical and youngs toward the southeast.
However by studying way-up structures, the ironstone sequence can be
demonstrated to be overturned. The cleavage is steeper than bedding
(Figure 2.9) dipping to the southeast, which is axial planar
associated with the NNE to SSW open folding in the area (Crimes 1969).
Therefore there must have been a phase of folding without cleavage
first, either slump folding or other deformation, possibly related to
thrusting to the north of St. Tudwals. This was then followed by

Caledonian open folding with an axial planar cleavage.
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a)

Figure 2.8 Trefor west pit. a) oncoidal ooidal pack-ironstone showing,
top centre, a large phosphate nodule (white) with loosely packed
ooids, and also oncoids with interlaminated chamosite (dark) and
phosphate (white). b) oncolite bed composed of partially haematised
chamosite oncoids.
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In the lower sequence, the disturbed beds (Figure 2.9) are of
particular interest. They consist of a variety of rock types,
including ooidal wacke~ironstones, cleaved pale grey mudstones, lenses
of oncoidal pack-ironstones and silty mudstones. The latter contain
reworked and broken ooids and phosphate nodules, ripped-up rafts of
chamosite mud, ripped up and deformed laminated silty mudstones and
volcanic clasts, all suggesting a debris flow deposit. Ironstone
containing volcanic clasts in a debris flow is also exposed 600m to
the south next to Craigfryn Farm [SH 2971 2766]. Throughout this lower
sequence the ooids and phosphate nodules in the ironstones show strong
evidence of having been reworked and broken, and some of the
pack-ironstones take on a flaggy nature. The upper part of the
ironstone sequence, exposed on the top of Pen y Gaer, is a thick,
massive and poorly sorted ooidal oncoidal pack-ironstone containing
abundant phosphate nodules. The ironstone 1is brown on exposed
surfaces, due to weathering of siderite within the ironstones.

Half way between the Pen y Gaer and Hen dy Capel ironstone exposures
lies the Llanengan quarry [SH 2947 2731]. Exposed on the western side
of the quarry is bedded ooidal pack-ironstone, with the bedding
dipping towards the east. On the eastern side is massive ooidal
pack-ironstone.

A marked facies change is apparent between the Pen y Gaer and Hen dy
Capel exposures. At Hen dy Capel [SH 3002 27/4] the ironstone consists
of metre thick lenses of reworked or slumped ironstone, containing
chamositic stromatolite crusts and abundant oncoids, within slumped
and deformed mudstones containing ripped up sedimentary clasts (the
'crushed shales' of Nicholas 1915). These changes occur along strike
toward a major north-south trending fault (Figure 2.9). The ironstone
does not occur on the other side of this fault.
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2.4 SNOWDONIA

A number of ironstones of differing ages are exposed in Snowdonia,
although there is still uncertainty as to the ages of the Aber and
Rhyd ironstones. Of these ironstones, only Llandegai is no longer
exposed.

2.4.1 Llandegai [SH 5984 7004]

The Llandegai ironstone lies low in the Nant Ffrancon Formation
(Howells et al. 1985), which has the Arenig Graianog Sandstone at its
base. However, acritarch ages, combined with published graptolite
faunas (Greenly 1944), for this ironstone place it in the Llandeilo
(Trythall et al. 1987). Greenly (1944) reported that murchisoni
biozone graptolites were missing from this region, implying a
stratigraphic hiatus beneath the ironstone.

The Llandegai ironstone is no longer exposed, as the pit was filled
in during the construction of the A55 Bangor Bypass. Logs of this
section are given by Strahan et al. (1920) and the British Geological
Survey (BGS) on 1:10,000 field slips. The log below is taken from BGS
field slips:

Oolitic ironstone, dark grey, coarsely pisolitic at base 3.90m
Oolitic ironstone, dark grey and red, thinly bedded 0.23m
Oolitic ironstone, dark grey, fine grained 0.53m
Mudstone, pyritiferous, pyrite nodules 0.28m
Siltstone, with thin oolitic ironstone bands 3.00m

2.4.2 Aber [SH 6689 7243 to SH 6789 7294]

Little is known of the geology of the Aber region. The most recent
work was by Davies (1969), who described the ironstone as occurring at
the base of the gracilis Biozone at the base of the Caradoc, although
no fauna have been found in this region. Recent work by the BGS
(Reedman et al. 1983) describe the ironstone as occurring low in the
Nant Ffrancon Formation above the Arenig Graianog Sandstone.
Acritarchs collected from this ironstone proved to be inconclusive in
determining its age (Trythall et al. 1987). The Aber ironstone has
been deformed and has undergone hydrothermal alteration. Strahan et
al. (1920) attributed the intermittent exposure of the ironstone to
strike faults. Subsequent mineralisation has been concentrated along
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these fault planes and this relationship is best shown in the western
pit at Aber (Figure 2.11).

The ironstone in the Aber region is intermittently exposed for lkm
(Figure 2.10). Three pits are exposed along strike at Aber and one pit
at Gorddinog. The general sequence of the ironstone is difficult to
determine as the contact between<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>