VL

University

£ of Glasgow

e

Whelan, Gillian M. (1988) The palynology of selected Ordovician localities
in Scotland. PhD thesis.

https://theses.gla.ac.uk/872/

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.gla.ac.uk/
research-enlighten@glasgow.ac.uk



https://theses.gla.ac.uk/872/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

The palynology of selected Ordovician localities
in Scotland

Gillian M. Whelan
B.Sc. (Hons) Nottingham
M.Sc. Sheffield.

Thesis submitted in fulfilment of the degree of Doctor of Philosophy (by
research) in the Faculty of Science, Department of Geology, University of

Glasgow.

May 1988.



This thesis is dedicated to Barbara and Bernard Whelan

with my love.



Acknowledgements

| am grateful to Professor B. E. Leake for the use of the facilities of the
Geology Department, University of Glasgow.

| should like to thank Dr. C. J. Burton for supervising me in this Ph.D,
as well as toiling through many incomprehensible German texts. Many thanks
are also due to members of the staff at Glasgow, particularly Dr. B.J. Bluck, Dr.
J.K. Ingham, Dr. M.C. Keen, Dr. P.D.W. Haughton, Dr. G. B. Curry and others for
their help and advice. During the past four years | have received invaluable
assistance in this project from Dr. S.G. Molyneux, and K.J. Dorning (who also
took some of the photographs and supplied much of my reprint collection) along
with many other palaeontologists, toc numerous to mention, and without whom
this project could not have been completed.

| am very grateful to all the technical and secretarial staff at Glasgow
Uinversity. Mr. D Modean has given invaluable photographic assistance and
printed the plates, and much technical assistance was given by Mr. G. Bruce,
both of whom have cheered me on and up many times during my time at Glasgow. |
should also like to thank the other technicians, particularly Robert MacDonald
for help with the scanning electron microscope, Bob Cumberland for help with
maps and telling bad jokes, Roddy Morrison for providing supplies, and last but
not least Jimmy and Eddie for their constant joviality.

| would like to thank all my friends at Glasgow for making my stay here
happy, and in particular | am grateful to Mike Dentith and Gawen Jenkin for
helping me with field work and Lisa Haughton, for translating a large French
text. Everyone here has helped me in some way at some time when | needed
assistance, and for that | am grateful. | would especially like to thank the
members of the curry club without whom | should probably have laughed a lot
less, and certainly would not have had such an enjoyable time in Glasgow.

| would like to thank some of the people at Britoil for their help,
particularly Dr. G. Blackbourn for allowing me the use of the scanning electron
microscope, and Fiona Murray for technical assistance

| am also indebted to the staff (academic and technical) at Sheffield
University Palynology Unit, for allowing me to use the camera and again for
much useful advise.

| would not have begun either my M.Sc. or my Ph.D. without the

encouragement of several people at Nottingham University, especially Paul



Smith, Howard Armstrong and Dr. R.J. Aldridge, and | should like to thank them

all for the encouragement.

Finally to my parents who have helped me financially, and oftered me
support when | most needed it, | express my greatest thanks, and hope that at last
| shall be able to fulfill the potential that they have always seen in me, but that |

have sometimes doubted.

This work was undertaken whilst in receipt of a NERC studentship.



Contents Page

summary

Chapter 1 :Introduction 1
Precambrian and Lower Palaeozoic palynology in Scotland 4
Previous research into Ordovician palynology 5

Chapter 2 :Stratigraphy

Introduction 10
Highland Border Complex 10
Previous palaeontological research 10
Previous research into the Highland Border Complex 14
Stratigraphy 15
General stratigraphical framework 35
Geotectonic setting 39
Southern Uplands 40
The Northern Belt 4 1
The Central Belt 4 1
Previous palaeontological research 46
Stratigraphical framework 47
Ordovician-Silurian boundary at Dob's Linn 55

The Southern Belt 57
Depositional environment of the Southern Uplands 57
Structural history of the Southern Uplands 59
Midland Valley 61

Chapter3 :Sampling and preparation

Introduction 69
Sampling 69
Preparation 70

Chapter 4 : The major palynomorph groups
Introduction 74

Problems related to dealing with deformation and

diagenetic effects 74
Reworking and contamination 75
Chitinozoans 75
Acritarchs | 89

Scolecodonts | 101




Spores 101

Glossary 101
Chapter 5 : Systematic Palaeontology

Order Chitinozoa Eisenack 1931 105

Acanthochitina Eisenack 1931

Ancyrochitina Eisenack 1955

Angochitina Eisenack1931

Armoricochitina Paris 1981

Belonechitina Jansonius 1964

Calpichitina Wilson and Hedlund 1964
Conochitina Eisenack 1955

Cyathochitina Eisenack 1955

Desmochitina Eisenack 1931

Hercochitina Jansonius emend. Jenkins 1967
Kalochitina Jansonius

Lagenochitina Eisenack 1931

Pterochitina Eisenack 1955

Rhabdochitina Eisenack 1931

Siphonochitina Jenkins 1967

Sphaerochitina Eisenack 1955

Spinachitina Schallreuter emend. Laufeld 1967
Tanuchitina Jansonius 1964

Chitinozoan sp. A

Chitinozoan spp. indet.

Order Acritarcha Evitt 1963

Actinotodissus Loeblich and Tappan 1978
Ammoidium Lister 1970

Aremoricanium Deunff 19355

Baltisphaeridium (Eisenack) Eisenack 1969
Baltisphaerosum Turner 1984

Cymatiosphaera Wetzel ex Deflandre 1954
Dictyotidium Eisenack 1955

Diexallophasis Loeblich 1970

Eupoikilofusa Cramer 1971

Filisphaeridium Staplin, Jansonius and Pocock 1965

Goniosphaeridium Eisenack emend. Turner 1984

105
106
112
115
116
130
133
145
166
173
175
176
183
184
191
192
195
196
199
199
201
201
204
206
211
217
219
220
221
222
224
224



Leiofusa (Eisenack)Eisenack emend. Combaz et al.1967

231

Leiosphaeridia Eisenack emend. Downie and Sarjeant 1963 233
Micrhystridium Deflandre emend. Downie and Sarjeant 1963

Moyeria Thusu 1973
Multiplicisphaeridium Staplin restr. Staplin et al.1965
Navifusa Combaz, L.ange and Pansart 1967
Neoveryhachium Cramer 1971
Orthosphaeridium Eisenack emend. Turner 1984
Peteinosphaeridium Staplin et al. emend. Eisenack 1969
Pterospermella Eisenack 1972
Rhiptosocherma Loeblich and Tappan 1978
Solisphaeridium Staplin, Jansonius and Pocock 1865
Stellechinatum Turner 1984
Tasmanites Newton 1875
Tylotopalla Loeblich 1970
Veryhachium Deunff ex Downie and Sarjeant 1963
Spores
Nodospora Strother and Traverse 1979
Tetrahedraletes Strother and Traverse 1979
Dyadaspora Strother and Traverse 1979
Trilete spore A
Scolecodonts
Small shelly fossils
Miscellaneous fossils and contamination
Chapter 6 : Discussion
Biostratigraphy
Highland Border Complex
Southern Uplands
Girvan
Palaeoecology
Comparison with previous studies
Palynology at the Ordovician-Silurian boundary
Thermal history of the sediments
Chapter 7 : Conclusions
References
Plates
Appendix

239
242
244
251
254
255
257
260
260
262
264
265
268
269
277
277
277
279
278
280
280
280

282
282
286
294
302
337
346
348
354
359



List of Figures

O N O O Ao W N =

10
11
12

13
14

15
16
17
18
19
20
21
22
23
24
295
26
27
28
29
30
31

32

33
3 4
35

Map of Scotland

Map of the Highland Boundary Complex

Locality map of North Glen Sannox, Arran
Geological map of the Glen Fruin area

Locality map for Balmaha

Locality map for Bofrishlie Burn, Aberfoyle
Geological map of Limecraig Quarry, Aberfoyle
Locality map for Leny Quarry, Callander
Locality map for Limestonebank Quarry, Clunie
Geological map of the North Esk section, Edzell

Geological map of Craigeven Bay, Stonehaven

Stratigraphical correlation of the Highland Border Complex

Locality map of Cross Water, Barrhill
Geological map of Dob's Linn

Stratigraphical section of Dob's Linn
Locality map of Coldingham Bay

Locality map of the Girvan area
Stratigraphical column for the Girvan area
Geological map of Woodland Point, Girvan
External morphology of chitinozoans
Descriptive terms of chitinozoans

Types of ornament in chitinozoans

Variety of shapes in chitinozoans

Variety of shapes in acritarchs
Terminology of the processes in acritarchs
Excystment features in acritarchs
Angochitina woodlandensis n.sp.

(a) Belonechitina seriespinosa (b) B. cf. hirsuta
Actinotodissus woodlandense n.sp.
Goni03phaeridiuﬁw girvanense n. sp.
Tasmanites (a) sp. A, (b) sp. B, (c) sp. C
Range chart for acritarchs at Dob's Linn
Range chart for chitinozoans at Dob's Linn
Range chart for acritarchs at Woodland Point

Range chart for acritarchs at Woodland Point

Page
11
12
17
18
2 1
23
295
28
30
33
36
38
42
44
48
58
62
65
66
76
78
79
80
90
92
93
113
119
202
228
267
288
290
297
299



36
37
38

39
40

41
42
43
44
45
4 6
47
48

49

50

Major components of samples at Dob's Linn 303
Samples with two or more species 305
Relationship between acritarchs, chitinozoans, spores and scolecodonts
318
Relationship between chitinozoans and C. lenticularis 320
Relationship between sphaeromorph, acanthomorph and netromorph
acritarchs 321
Caradoc palaeoecological diagram (Dorning 1987) 322
Relationship between acanthomorph and netromorph acritarchs 323

Histogram showing relationship between sphaeromorph, acanthomorph

and netromorph acritarchs . 324
Relationship between netromorph acritarchs and M. cabotti 326
Absolute number of species of various groups 327

Generic composition of chitinozoans at Dob's Linn and Woodland Point

329
Number of species of certain genera of chitinozoans at Dob's Linn and
Woodland Point 331
Distribution of three species of Leiosphaeridia at Woodland Point
333
Generic composition of acritarchs at Dob's Linn and Woodland Point
334

Number of species of certain genera of acritarchs at Dob's Linn and

Woodland Pqint 336



List of Tables

Page

1 Sample details for North Glen Sannox, Arran 18
2 Sample details for Glen Fruin and Balmaha 20
3 Sample details for Bofrishlie Burn 24
4 Sample details for Limecraig Quarry 26
5 Sample details for Leny Quarry 29
6 Sample details for Limestonebank Quarry 31
7 Sample details for River North Esk 34
8 Sample details for Stonehaven 37
9 Sample details for Cross Water, Barrhil 43
10 Sample details for Dob's Linn 4 9
11 Sample details for Dob's Linn 50
12 Sample details for Dob's Linn 51
13 Sample details for Dob's Linn 53
14 Sample details for Dob's Linn 54
15 Sample details for miscellaneous samples 6 4
16 Sample details for Woodland Point 67
17 Number of species in Belonechitina, Conochitina, Cyathochitina and
Rhabdochitina 330
18 Jacquard Coefficient for acritarchs at Woodland Point 340
19 Jacquard Coefficient for acritarchs at Dob's Linn 342
20 Jacquard Coefficient for chitinozoans at Woodland Point 342
21 Jacquard Coefficient for chitinozoans at Dob's Linn 343
22 Jacquard Coefficient for studies dealing with acritarchs and chitinozoans
346
23 Comparison of colour, fragmentation and corrosion (Booth 1979 m.s.)
349
24 Comparison of TAI, colour and temperature 348
25 Comparison of AAl, colour and temperature 350

26 Comparison of CAl and AAl (Nowlan and Barnes 1987) 351



Summary

Ordovician samples have been collected from various places from within three
separate terranes in Scotland; the Highland Border Complex, the Southern
Uplands and the Midland Valley. The samples have been palynologically processed
and their assemblages studied with the aim of understanding some of the
palaeoecological, biostratigraphical and thermal relationships of the three areas.

Seventy one samples have been processed from nine localities of the
Highland Border Complex and these have yielded fifteen species of chitinozoans in
four genera, as well as indeterminate species of those genera. There are also five
species of acritarchs in four genera as well as other microfossils. Black shales
from the Complex yield the most diverse palynomorph assemblages, and were
probably deposited from Arenig through to Caradoc although not necessarily at
the same time in different parts of the basin. The preservation of palynomorphs
appears to be better in the west of Scotland than in the east.

From the Southern Uplands samples have been processed from Coldingham
Bay and proved barren, from Barrhill the assemblages are poor, but from the
Ordovician-Silurian boundary beds (C. peltifer to P. acuminatus Zones) at
Dob's Linn they are quite diverse although abundance is very low, with forty
three samples yielding thirty three species of acritarchs in eighteen genera,
thirty one species of chitinozoans in thirteen genera and various other
microfossils. The boundary cannot be delineated using the palynological
assemblages, and although Tylotopalla sp. A and Ancyrochitina ancyrea
Eisenack 1931 are common in most of the samples from the boundary the
palynomorphs do not appear to mirror the changes that occur in the graptolite
assemblages.

From the Midland Valley samples have been processed from eight
miscellaneous localities in the region of Girvan , giving very little
biostratigraphical data, although one sample from Doularg Hill is dated as upper
Arenig to lower Llanvirn. A section of twelve samples processed from the Mill
and Shalloch Formations ( D. complanatus and D. anceps Zones) at Woodland
Point, Girvan, has yielded thirty five species of chitinozoans in twelve genera
including a new species Angochitina woodlandensis and five new combinations:
Belonechitina comma (Eisenack 1959), Belonechitina ‘hirsuta (Laufeld
1967), Belonechitina micracantha(Eisenack 1931), Belonechitina

schopfi subsp. americana(Taugourdeau 1965), and Belonechitina



seriespinosa (Jenkins 1969). There are also forty seven species of acritarchs
in twenty one genera, including two new species; Actinotodissus woodlandense,
and Goniosphaeridium girvanense, and many scolecodonts. Spores are common
and three species are recognised at Woodland Point. The samples are dated as
Upper Ordovician and Calpichitina lenticularis (Bouché 1965) and
Acanthochitina barbata appear to be important Upper Ordovician indicators,
possibly being near-shore species as they are not found in rocks of the same age
at Dob's Linn. Calpichitina lenticularis is very important in one sample and less
so in all the others and it is suggested that it may be reworked. The
palaeoecological picture at Woodland point shows an offshore situation in the Mill
Formation, becoming more near-shore at the base of the Shalloch Formation and
then more off-shore again.

The palaeoecology of both Dob's Linn and Woodland Point are discussed and
chitinozoans found to be more common in black shales than grey mudstones,
although the acritarchs do not appear to be preferentially found in grey
mudstones or black shales. Netromorph acritarchs are less common at Dob's Linn
than was expected, but are very common at Woodland Point which may suggest
that the sediments at Woodland Point were deposited more offshore than those at
Dob's Linn but were more greatly influenced by turbiditic material.
Sphaeromorph acritarchs at Woodland Point are very common and due to the
variable thickness of the walls it is suggested that there is a mixing of near-
shore and off-shore species, possibly by the turbiditic action mentioned above.
Belonechitina is markedly more important at Woodland Point than at Dob's Linn
the reverse of which is true with Cyathochitina. The suggested reason for this
is that Belonechitina is a near-shore species whilst Cyathochitina is an off-
shore species. Veryhachium appears to become more important towards the end
of the Ordovician, as a sample each from Woodland Point and Dob's Linn contain
three species of this relatively rare genus, although the significance of this is
not yet known.

The samples from Dob's Linn and Woodland Point are compared with
published works using the Jacquard Coefficient and the results presented. The
samples at Dob's Linn are compared with the Ordovician-Silurian boundary
sediments elsewhere, and although different species are present at Dob's Linn
and on Anticosti Island, and the abundance and diversity is Ioﬁer at Dob's Linn,

the boundary in Scotland has a much better palynomorph assemblage than was



expected. The boundary assemblage presented here is quite similar to the one in
Skane, Sweden.

Finally the thermal history of the samples is discussed, and a general trend
appears, with the samples from Girvan being the least altered, those from the
Southern Uplands being moderately altered and finally the Highland Border
Complex samples which have been subjected to temperatures probably between
200 and 300°C, and thus strongly altered.



Chapter 1 - Introduction

During the years 1980-1984 much work was undertaken by the research group at
Glasgow University on the Highland Border Complex, studying it's petrography,
structure, and palaeontology in great detail. During this time some preliminary
work was undertaken on the palynology (Burton et al. 1984, Burton and Curry in
Curry et al. 1984). This prompted the initiation of a more comprehensive
research project into the palynology of the Highland Border Complex, with the aim
of helping to understand its réle within the Caledonian Orogenic belt.

The rocks of the Highland Border Complex have been subjected to complex
deformation and consequently fossil yields are very low and the preservation very
poor, but Curry (1986b) states °..it is the poorness and intractibility of the
exposures which arguably makes the fossil discoveries all the better as a
demonstration of the potential of palaeontology for tectonics..'. In the last twenty to
thirty years palynology has become a standard and important biostratigraphical
tool to use on well preserved sediments, particularly in the oil industry where

samples are small and macrofossils would be broken, or on sediments that are
sparse in macro- or other micro-fossils. Why -then should it not be used on more
poorly preserved sediments? Laufeld (1967) remarked that "...the chitinozoans’
high degree of resistance against tectonic disturbances is remarkable and opens the
possibility of using them as a stratigraphic tool in tectonically disturbed and
slightly metamorphosed sediments in, e.g., the Caledonides, especially when our
knowledge of full relief material has become greater”.

Marine palynomorphs have many advantages not shown by other groups of
fossils in that they do not appear to show the marked provincialism that conodonts
and graptolites show (Bergstrom 1986), they are present in the main types of
marine sediments, many species have short vertical ranges and their extraction is
neither complicated nor particularly time consuming. However Paris (1981)
states that much of the early work on chitinozpans was not done systematically and
the material used was often poorly preserved. It is then the studies carried out on
diverse and well preserved material (e.g. Jenkins 1967, 69,70, Loeblich and
Tappan 1978, Turner 1984, Achab 1977a,b, 19783, b)'which allow work to be
undertaken on much poorer material.

Throughout the processing of these highly deformed rocks it has become
clear that chitinozoans are generally more resistant than most acritarchs. Jenkins

(1967, p. 477) remarks on this fact and concludes that acritarchs are more



readily destroyed by carbonisation and oxidation, though the relative preservation
of acritarchs and chitinozoans may depend upon lithology (K.J. Dorning pers.
comm.). However palynomorphs still provide the best hope of reasonable
biostratigraphical evidence from marine sedimentary rocks. Downie (1973, p.
240) states "....In many apparently unfossiliferous Palaeozoic rocks they
(acritarchs) provide the only biostratigraphical evidence and in most marine
strata of Palaeozoic age they outnumber other common fossils". Foraminifera and
ostracods are of little stratigraphical value in rocks of this age (Jenkins 1967).

Theoretically palynology is an extremely useful tool, applied to rocks of all
kinds, as only a small sample of rock is needed, usually about a hundred grammes.
Although palynological work is common on undeformed sediments, it is more rarely
attempted on deformed rocks. Several workers though, have shown its importance,
among them Downie a‘nd Ford (1966), Wadge, Owens and Downie (1967), Downie
and Tremlett (1968), Lister, Burgess and Wadge (1967), Burmann (1968,70)
Downie et al., (1971), Gardiner and Vanguestaine (1972), Smith (1977),
Colthurst and Smith (1977), Kalvacheva (1978), Molyneux (1979), Graham and
Smith (1981), Molyneux and Rushton (1984) and Albani et al. (1985).
Chitinozoans and acritarchs from the Highland Border Complex, although often
bent, when well preserved can be identified, often to specific level.

The initial aim of this project has been to apply palynological techniques to
the parts of the Highland Border Complex which are deficient in macrofossils, with
the object of providing a coherent stratigraphy for it. This will lead, eventually, to
the resolution of the origins, and resolve the conflict over the formation,
stratigraphy and tectonic history of the Complex. Acritarchs .and chitinozoans seem
to be excellent groups on which to study the biostratigraphy of poorly preserved
sediments.

Samples have been processed from all major transects across the Highland
Border Complex and from as many different lithologies as possible from each
transect. The fossils are difficult to extract, sometimes deformed and often
recrystallised to graphite (Downie et al. 1971) which destroys fine structures.

It is important to note that palynomorphs are often the only fossil evidence
that is available from large parts of this much deformed Complex, and therefore
very valuable for biostratigraphical interpretation. Identifiable specimens of
chitinozoan and acritarch species have been recovered, as well as scolecodonts, and
other microfaunal remains, from rocks of high geothermal alteration, up to and

including marble. Parts of the contiguous Dalradian rocks have also been



investigated which have yielded a specimen of a small shelly fossil of Tommotian-
Atdabanian age (late Proterozoic to Lower Cambrian).

The Midland Valley and the Southern Uplands form adjacent terrains to the
Highland Boundary Complex, and Ordovician rocks are exposed within these two
structural areas, particularly at Girvan in the southern Midland Valley and at
several localities in the Southern Uplands, from which material was collected to
use as comparative material to the Highland Border Complex material.

In 1985 the international stratotype of the Ordovician-Silurian boundary
was designated at tﬁe base of the Parakidograptus acuminatus graptolite Biozone
in the Linn Branch section at Dob’s Linn in the Central Belt of the Southern Uplands
of Scotland (Cocks 1985). As no formal palynological study had previously been
undertaken at Dob's Linn, samples were collected from the Ordovician
Climacograptus peltifer, Climacograptus wilsoni, Dicranograptus clingani,
Pleurograptus linearis, Dicellograptus comp!ar;:gus, Dicellograptus anceps,
Climacograptus extraordinarius, Glyptograptus persculptus and Silurian P.
acuminatus graptolite Biozones, at the Little Cliff, Main Cliff and Linn Branch
sections. Samples were collected from all the graptolite zones, but particular
attention was paid to collection from two areas
(a) the D. anceps Zone, in order to assess the effect of facies variations on the

distribution of the palynomorphs
(b) the Ordovician-Silurian boundary. Samples were collected from five, ten,
fifteen, twenty and thirty centimetres either side of the Ordovician-Silurian
boundary, to test for a correlation with the graptolite zones.

Preservation of the Dob's Linn palynomorphs is much better than those of
the Highland Border Complex, but is still not very good. Therefore a third locality
was selected for sampling: Girvan. There are about three thousand metres of Upper
Ordovician and Lower Silurian sediments at Girvan, all of which are low
metamorphic grade. It seemed logical to collect samples of an approximately
similar age to those from Dob's Linn, and so the Upper Ordovician (D. complantus
to D.ancepsZones) Shalloch and Mill Formations were chosen. Turner (1979
m.s.), had collected one sample from the Shalloch Formation on the Girvan
foreshore for comparative material to his main sample area of the type Caradoc in
Shropshire. In this present study eleven samples were collected from the Shalloch
Formation, and one from the underlying Mill Formation of the Upper Whitehouse
Group at Woodland Point, in order to ascertain as to whether Turner's (1979 m.s.)

conclusions were correct.

Other samples collected at Girvan include one from the Caradoc infra-

3



Kilranny mudstones at Dow Hill, two from the Caradoc Ardwell Flags (Ardmillan
Braes and Ardwell Farm) and two from the Lower to Middle Ordovician Jubilation
Member from Plantation Burn, Doularg Hill. Samples were also collected from
Barrhill in the Northern Belt of the Southern Uplands, Coldingham Bay, on the
Berwickshire coast, and at Ballantrae south of Girvan .

Both the samples from Girvan and Dob's Linn have yielded well preserved
and identifiable acritarchs, chitinozoans and at Girvan spores. Organic-walled
microfossils are subject td alteration related to the thermal effects that the'
sediments have suffered. At Girvan the acritarchs are almost colourless to yellow,
at Dob's Linn they are dark brown to grey or black and the palynomorphs from the
Highland Border Complex are invariably black.

The specimens that have been found in the Highland Border Complex

although poorly preserved have yielded valuable biostratigraphical imformation

that have led to a number of stratigraphical conclusions.

Precambrian and Lower Palaeozoic palynological
research from Scotland.

The previous palynological research that has been carried out in Scotland is listed
in Downie (1984), and that and other records are summarised below.

The oldest recorded acritarchs in Britain are from chert pebbles in the
Applecross Formation of the Torridonian which are thought to be about 1650 to
1800 million years old (Muir and Sutton 1970). A poor assemblage of acritarchs
was retrieved from the Stoer Group of the Torridonian which indicates a Riphean
age (Cloud and Germs 1971). Acritarchs have also been retrieved from the Diabaig
(Naumova and Pavlovsky 1961; Downie 1962) and Cailleach Head Formations
(Gunn 1907) and are more varied than those from the Stoer Group, but also
indicate a Riphean age. Downie records Lower Cambrian acanthomorph acritarchs
from the Fucoid Beds of Scotland (unpublished, recorded in Downie 1966), and
Downie (1975) reviewed the published records of the acritarchs of the
Torridonian and Dalradian in Scotland.

Downie et al. (1971) published a record of palynomorphs from the
Highland Border Complex and parts of the Dalradian. The yield consisted mostly of
poorly  biostratigraphically constrained and preserved material from the
Dalradian although the records of well preserved chitinozoans from the Macduff
Slates appear to contradict the structural synthesis of the Dalradian, suggesting

that the youngest Dalradian rocks were Ordovician in age. Downie et al. (1971)
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concluded that the Macduff Slates and the Highland Border Complex were both
Arenig in age. Bliss (1977) comprehensively studied large parts of the Dalradian
of Scotland in his Ph.D. thesis and obtained poorly preserved acritarchs from
several localities. He was unable to verify an early Ordovician age for the Macduff
Slates. In 1982 Downie described an acritarch assemblage which contained fifty-
three species from the Lower Cambrian of Scotland, Norway, Greenland and Canada.
The assemblage included a diverse selection of acanthomorph acritarchs.

Burton et al.(1984) retrieved chitinozoans from the Margie Limestone at
North Esk, Edzell, concluding that they had a Caradoc age. Burton and Curry in
Curry et al. (1984 ) recorded chitinozoans from various parts of the Highland
Border Complex and Dorning (1985) reviewed the acritarch flora of’ the Highland
Border Complex rocks from North Glen Sannox, Arran.

Lindstrém (1957) has found the Lower Hartfell black graptolite shale at
Morroch Bay, near the Rhinns of Galloway, to contain chitinozoans and Jansonius
(1964) recorded chitinozoans from the Laggan Burn Limestone, Balclatchie Beds,
in the Stinchar valley near Girvan in the Midland Valley. Turner (1979) studied
samples from the Llandeilo to Ashgill at Girvan for his Ph.D. thesis, but only as
comparative material to type Caradoc area in the Welsh Borderlands .

In Cocks (1985) there is an unconfirmed report of chitinozoans being
found at Dob's Linn. Molyneux (pers. comm.) has studied samples from the
sediments at Dob's Linn, and other places in the Southern Uplands in his work for
the Survey, concentrating particularly on the Llandovery sediments. Dorning
(1982) discussed the early Wenlock age for the Knockgardner and Straiton Grit
Formations of Ayrshire. Samples from the Llandovery Mulloch Hill Formation at
Girvan are dominated by sphaeromorphs although there are some nice specimens of
Hogklintia. Samples of Llandovery/Wenlock sediments from Bargamy Pond Burn
contain a large number of Veryhachium specimens along with other acanthomorph
acritarchs such as Diexallophasis, Ammonidium and Tylotopalla. For localities
see Cocks and Toghill (1973). Molyneux (1987) describes an assemblage of

acritarchs from the Linkim Beds in the Southern Uplands which are Wenlock in

age.

Previous Research into Ordovician Palynology.

A great deal of work has been done on the palynology of the Palaeozoic in general and
the Ordovician in particular, work which would take many pages to document. Thus
only a brief review is presented consisting of the Ordovician taxonomic papers

that have been most commonly used, and which deal with well preserved material.

S



The literature is separated into chitinozoan and acritarch publications, and then

dealt with geographically within each of those two sections.

CHITINOZOANS
Jenkins and Legault (1979) and Taugourdeau et al. (1967) are useful general

publications discussing the ranges of selected chitinozoans.

Europe and Russia
The first paper published dealing with palynomorphs (Eisenack 1931) recorded
chitinozoans from the Baltic, and since then many papers have been written dealing
with chitinozoans from that area and other parts of Europe. The most useful ones
are listed here. Eisenack (1931, 1955a, b 1959a, 1962a, b, 1965, 1968b)
deals mainly with erratic blocks from the Baltic, Rauscher (1970, 1974),
Rauscher and Doubinger (1967) concern chitinozoans, mainly of Lower or Middie
Ordovician age from Normandy, Schallreuter (1981, 1983) record Caradoc and
Middle Ordovician taxa from Sweden and northern Germany respectively. Henry et
al. (1974) and Paris (1979) deal with Portuguese Caradocian sediments, Paris
and Mergl (1984) discuss the Arenig of Bohemia, and Tynni (1975) reports on
the Caradoc of Finland. Laufeld (1971) discusses chitinozoans from the P.
linearis Zone and Llandovery of Podolia, Russia, and Umnova (1969) records
chitinozoans from the Russian Platform. Particularly useful papers include
Taugourdeau (1961) who deals with the Caradoc/Ashgill of Aquitaine, France,
Laufeld (1967) dealing with the Caradoc of Dalarna, Sweden, Noélvak (1980)
describing the upper Caradoc and Ashgill of Baltic, Grahn (1980, 1981a, b,
1982a, 19844, b) records taxa from the Llanvirn to Ashgill of Sweden and Paris
(1981) who in a monograph, deals with the Ordovician to Devonian of south-west

Europe.

America

Wilson (1958a, b), Wilson and Hedlund (1964), and Wilson and Dolly (1964)
produced a series of short papers dealing with chitinozoans from the Middle
Ordovician Sylvan and Tulip Creek Formations in Oklahoma. Following on from this
work Jenkins (1969, 1970) produced excellent papers dealing with the
chitinozoans of the Viola and Fernvale Limestones (1969) and the Sylvan Shale of
Oklahoma (1970) and Grahn and Miller (1986) detailed the chitinozoans from the

Middle Ordovician Bromide Formation. Jansonius (1964) described several new



genera and species from the Ordovician of Canada and Britain, while Neville
(1974) discussed middle Ordovician taxa from Newfoundland. In the late seventies
and the eighties many papers were published on the Middle and Upper Ordovician of
Anticosti Island (Achab 1977a, b, 1978a, b, 1984), and mainland Canada
(Martin 1975, 1980, 1883, and Achab 1986a, b). Grahn and Bergstrom (1984)
dealt with chitinozoans from the southern Appalachians and Grahn (1975) with
Llandovery and Wenlock chitinozoans from Ohio and Kentucky, while Wright and
Meyers (1981) discussed Upper Ordovician chitinozoans and acritarchs from

Kansas.

Britain

There is a sparse record of chitinozoan publications from the British Isles.
Atkinson and Moy (1971) discussed upper Ordovician chitinozoans from North
Wales, Jansonius (1864) recorded chitinozoans from the Caradoc of Scotland,
Jenkins (1967) described Middle Ordovician chitinozoans from the Welsh
Borderlands, and Lister, Cocks and Rushton (1969) recorded taxa from the

Caradoc of Kent.

Other areas
Taugourdeau (1966b), Bouché (1965), Benoit and Taugourdeau (1961) describe

faunas from the Ordovician of the Sahara. Elaouad-Debbaj (1984, 1986) and

Molyneux and Paris (1985) are three particularly useful papers dealing as they
do with the upper Caradoc and Ashgill of Morocco and Libya respectively. Combaz

and Peniguel (1972) dealt with Ordovician chitinozoans from Australia.

ACRITARCHS

Diez and Cramer (1974, 77) provide lists of published ranges of selected
acritarchs, and Turner (1979 m.s.) details many of the acritarch papers which

are not mentioned in this review.

Europe

Eisenack (1931) detailed a few species of acritarchs from the Baltic, and he
followed this early paper with many more dealing with acritarchs (Eisenack 1938
, 48, 55a, 58a, b, 62b, 65, 72a, 76). Other work carried out in this area
includes Tynni (1975), Bockelie and Kjellstrém (1979) and particularly useful
papers by Kjellstrbm (1971a,b, 1972, 1976). In France work was being

7



undertaken by Deflandre (1942, 1945 and 1946), Deunff (1955, 1859),
Rauscher (1974) and Paris and Deunff (1970) dealing with the Llanvirn of
France. In Belgium Martin (1966a, 1969) recorded Ordovician and Silurian
acritarchs, and Elaouad-Debbaj (1978) produced a very comprehensive paper on
the Upper Ordovician of Portugal. Gorka described well preserved acritarchs from
the Lower Ordovician (1969) and Upper Ordovician (1980) of Poland. Cramer

(1971) deals with Silurian acritarchs but is a very useful paper to consult.

America
Much very useful literature has been published dealing with the United States and
Canada. Staplin, Jansonius and Pocock (1965) produced a paper which contained
several new genera and species of acritarchs from the Trenton Formation of
Anticosti Island, then described as Middle Ordovician, but now known to be Upper
Ordovician (Jacobson 1987). This work in Canada has been followed up by Martin
(1980, 1983), Duffield and Legault (1981), a particularly useful paper by
Jacobson and Achab (1885) and by Loeblich and Tappan (1978) the latter of
which reappraised much of the work done by Staplin et al. (1965). Tappan and
Loeblich (1971), Loeblich (1970), Loeblich and MacAdam (1971), Loeblich and
Tappan (1969) produced papers using the scanning electron microscope and
dealing with the surface structure of many species of acritarchs. Colbath (1979)
discussed the Caradoc acritarchs of Indiana, Jacobson (1978) recorded acritarchs
from the upper Caradoc of Kentucky, and Wright and Meyers (1981) illustrated
acritarchs from Kansas.

The following two papers although Silurian, have proved very useful -
Miller and Eames (1982)from the Medina Group of New York, and Thusu (1973)

from the Llandovery L'llion Shale.

Britain

Some references are already listed in the section on Scottish palynology, and under
palynomorphs from poorly preserved sediments. Much of the acritarch work done
in Britain has been on the Silurian, and very little comparable material from the
Ordovician is available. Lister, Cocks and Rushton (1969) recorded Caradoc
acritarch taxa from Kent, Lister (1970) produced a monograph on the Wenlock
and Ludlow acritarchs of the Welsh Borderlands and, Dorning (1981) also
described taxa from the Wenlock and Ludiow of Shropshire. Turner {1984, 1985)
described acritarchs from the type Caradoc and type Llandeilo, respectively, whilst

Hill and Dorning (1984) dealt with acritarchs from the type Llandovery.

8



Africa

Again very little work has been done on the palynomorphs of the African continent.
Bar and Riegel (1980) worked on sediments of Ordovician age from Ghana, Jardiné
et al. (1974) produced an acritarch zonation from sediments in Algeria, and

Molyneux and Paris (1985) record Caradoc and Ashgill acritarchs from Libya.

Note : In the following text Lower Ordovician is taken as Tremadoc and Arenig,

Middle Ordovician as Llanvirn and Llandeilo, and Upper Ordovician as Caradoc and
Ashgqill.



Chapter 2 - Stratigraphy

Introduction
As already stated in Chapter 1, at its initiation this project was intended only to

concentrate on the Highland Border Complex, exposed along the Highland Boundary
Fault. It was later extended to include Girvan in the Midland Valley, and Dob's Linn,
Barrhill and Coldingham Bay, in the Southern Uplands (Figure 1). This project
thus forms something of a Scottish Ordovician palynological reconnaissance
survey, with varying results. It is therefore necessary to treat the stratigraphy of
the areas separately, to discuss their palynological assemblages separately, and
finally to compare the results.

The Highland Border Complex

The Highland Border Complex (Figure 2) is a structurally condensed sequence
which crops out in a narrow north-east/south-west zone throughout Scotland,
from Stonehaven (near Aberdeen) through Edzell, Callander, and Aberfoyle into
Arran, with a possible extension into Ireland. The Complex includes a wide variety
of rock types (including serpentinites, amphibolites, spilites, cherts, black
shales, arenites, rudites and limestones), indicative of a marginal basin, with a
stratigraphical history which includes several unconformities and a tectonic
history which includes dismemberment of the entire Complex by strike-slip
faulting. The field relationships within the Complex are both complicated and
obscure, not only with respect to each other but also the neighbouring terranes. It
is tectonically as well as lithologically highly complex, the rocks being in many
places severely deformed and often extensively mineralised or recrystallised, with
many of the original sedimentary features having been destroyed, obscured or
overprinted by penetrative cleavages in the process (Curry et al. 1984). Such
deformational and thermal problems are rarely encountered in routine
palynological work. Henderson and Robertson (1982) suggested that the Complex
had been deposited in a basin of Cambrian age, and then thrust over the Dalradian
terrane. Recent work suggests that the Highland Border Complex originated as an
Ordovician marginal basin adjacent to the Midland Valley Massif and was
subsequently faulted against the Dalradian terrane, (Curry et al. 1984).

Previous Palaeontological Research

The sedimentary rocks of the Highland Border Complex have for a long time been
the subject of palaeontological investigation. Campbell (1911,1913) discovered
brachiopods, crustaceans, and worm tubes at Stonehaven, and Jehu (1912) and
Jehu and Campbell (1917) found a similar but
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Figure 1. Map of Scotland showing the localities discussed in the text
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more diverse fauna from rocks in the Aberfoyle area, all suggesting a Lower
Cambrian to Early Ordovician age. Pringle (1939) discovered brachiopods and the
trilobite Pagetides at Leny Quarry, Callander, which suggest an upper Lower
Cambrian age. Anderson and Pringle (1944) reported brachiopod fragments from
North Glen Sannox on Arran, which they considered to be almost the same as the
ones found at Aberfoyie.

On re-examination of Jehu and Campbell's (1917) material Bulman
(1963) found the graptolites unacceptable, and Rowell (1963) expressed doubt
as to the validity of the brachiopod species identifications, while confirming that
they were definitely inarticulate brachiopods. Lister in Downie et al. (1971)
examined the scolecodont found in the Jehu and Cam#pbell (1917) fauna, also
finding it unacceptable. Anderson (1947) reported a Caradoc age for the Dounans
Limestone, but this has since been found to be based on a misconception by Pringle
in unpublished work, (Curry et al. 1982). At this point the only reliable age for
the Complex was that of Lower Cambrian for the Leny Limestone.

Cummins (1967) attempted to extract fossil microplankton from the
Dalradian and Highland Border ‘Series' but with no success. However Downie et al.
(1971), looking at the Dalradian of Scotland reported a Tremadoc to Llanvirn age
for acritarchs found in the the Jasper and Greenrock Formation, in the North Esk
section at Edzell, and a possible Llanvirn age for a chert at Bofrishlie Burn,
Aberfoyle. The investigations of Curry et al. (1982, 1984) revealed a diverse
silicified fauna of brachiopods, trilobites, ostracods, gastropods and other groups
from the Dounans Limestone at Aberfoyle which is well preserved and has an
undoubted age of mid Arenig (Late Canadian ) as reported by Curry et al. (1982)
and Ingham et al. (1985) and confirmed on conodont evidence by M.P.Smith
(pers. comm.). Other localities of the Complex have proved to be sparse in
calcareous fauna. However palynomorphs are fairly abundant. Burton et al.
(1984) reported an assemblage of chitinozoans from the Margie Limestone of the
North Esk section, which suggested a mid to late Caradoc age. Burton and Curry
(1984) in Curry et al. (1984 ) further described a wide range of chitinozoan
occurrences with Ordovician ages from many key localities. It was these last two
papers that initiated this present research.

Dorning (1985) recorded several specimens of fairly simple acritarchs
referable to the genera Leiosphaeridia, ?Leiosphaeridia and ?Navifusa from

North Glen Sannox, Arran and noted that they had been subjected to a minimum
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palaeotemperature of at least 200°C. The abundance of sphaeromorphs appears to
suggest a deep water marine environment, though no particular stratigraphical

interpretation can be made.

Previous Research into the Highland Border Complex
There has been a long but sporadic interest in the rocks of the Highland Border
Complex. Early workers included MacCulloch (1824) who discussed the trap
deposits, limestone, serpentine and conglomerate of Limestone Bank Quarry,
Clunie, Perthshire, and Lyell (1825) who described the Highland Border
serpentinites at Quharity Burn, In 1850 Nichol noted the similarity between the
Highland Border Complex rocks and the cherts, shales and greywackes of the
Southern Uplands suggesting that the Highland Border rocks formed the northern
limb of a syncline dipping under the Midland Valley. Peach and Horne (1899)
endorsed this, and a Lower Ordovician age for the Complex became accepted.

Barrow (1901) working at North Esk pfoposed a bipartite stratigraphy of
a lower spilite, chert and shale association - termed the Jasper and Greenrock
Series which he thought was Early Ordovician (Arenig) age on lithological criteria,
unconformably overlain by an upper unit which consisted of sandstones, shales and
limestones and which he termed the Margie Series. This was considered to be
possibly Silurian in age. Later Barrow revised his ages downward, but still
considered them to be younger than the Dalradian rocks to the north. He further
thought that Dalradian rocks had been thrust over the Highland Border Complex
rocks in a southerly direction along a major reverse fault, whereas the contact
with the Devonian rock to the south he took to be a normal fault. It is now known
that the northern boundary is a complex fault zone, although with a late southerly
reverse fault component, and that the Devonian rocks are unconformable upon the
Highland Border Complex (Curry et al. 1984). The fault is more difficult to
recognise in the east, as is the division into two units, although Clough (1895) had
noticed a differentiation between the black shales and cherts and the grits at
Aberfoyle, and Jehu and Campbell (1917) were also able to divide the Aberfoyle
rocks info the ‘Lower Black Shales and Chert Series' unconformably overlain by
the shallower water 'Margie Series', which they said contained detritus of the
former, and included the Aberfoyle Limestone in the Margie Series. Pringle
(1941) reversed the order of the Jasper and Greenrock Series and Margie Series

advocated by Barrow (1901), stating that the Margie Series was the older.
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Anderson (1947) did not include the Leny Limestone in the Highland Border
Complex, and in fact correlated the Leny and Margie Limestones with the Ben Ledi
grits, suggesting that they were both Dalradian, and of Cambrian age. Shackleton
(1958) recognised downward facing structures in the Dalradian and a possible one
in the Highland Border Complex at Aberfoyle, and so concluded that the two units
had had a similar structural history and that the Margie 'Series’ was older than the
Jasper and Greenrock unit. Johnson and Harris (1965, 1967), considered the
Jasper and Greenrock to be 7Arenig in age and the Margie rocks to belong to the
Dalradian, which they felt was reinforced by downward facing structures of
equivalent rocks on Arran. Johnson and Harris (1965,67) and Harris (1969)
thus both favoured a Dalradian history for the Highland Border Complex.

Henderson and Robertson (1982) and Henderson and Fortey (1982) assert
that the Highland Border Complex represents a dismembered tectonically emplaced
ophiolite of Caledonian age, which originated in a narrow ocean basin and was
subsequently thrust south, by crustal shortening during the Grampian Orogeny.
Robertson and Henderson (1984) further postulate that the Highland Border
Complex comprises terrigenously derived turbidites with a similar source to the
Dalradian, a dismembered ophiolite and ophiolite derived sediments. The igneous
rocks consist of two groups, those that display MORB characteristics and those
show within plate chemistry. The sediments they say show tropical weathering
below a ?mid-Devonian unconformity, and compare the Highland Border Complex
rocks to a marginal basin model such as the Gulf of California. Curry et al.
(1984) offered evidence to show that the Complex had been deposited in a marginal
basin and subsequently faulted against the Dalradian.

In the following sections Tables 1-16 show the data for all samples

collected in this study. The key to the Palaeontological Content is as follows :

: barren
non specifically attributable palynomorphs
: sphaeromorph acritarchs only

: a few specifically attributable palynomorphs

O a O O N

. many specifically attributable palynomorphs.

Stratigraphy
As already stated the stratigraphy and structure is highly complicated by folding,
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faulting, and lacunae. Nine main localities have been collected from during this
study, and will be examined in detail below.

(1) North Glen Sannox, Arran (Figure 3, Table 1)

Gunn et al. (1903) suggested that the rocks of Arran were the same age as
those of Ballantrae, due to their lithological similarity. Curry et al. (1984)
failed to find any fossils from this locality but tentatively accepted an Arenig age as
specified by Anderson and Pringle (1944) for Acrotreta from the black shales.
The outcrop is in the North Sannox Burn, and a series of silicified limestones
(HB/A/2,4,6) suggested by Curry et al. (1982) to be equivalent to the Dounans
Limestone, and black shales (HB/A/1,3) and an arenite (HB/A/5), have been
sampled from this locality. Volcanic rocks containing pillow lavas are also exposed
at this locality. Anderson and Pringle (1944) stated that the 'Arenig' rocks and the
Dalradian had undergone a similar deformational and metamorphic history. Downie
et al. (1971) reported that they had yielded only organic matter of indeterminate
age from this locality. Dorning (1985) illustrates specimens of the genera’
Leiosphaeridia and Navifusa from a black mudstone collected from the south
bank of the North Sannox River (Arran 771, NRS976 4683). The acritarchs are
all féirly simple forms and record palaeotemperatures of a minimum of 200°C
(TAl 4.0) and suggest a deep water environment but are biostratigraphically
indeterminate, though they may be comparable with the Ordovician (Llandeilo to
Caradoc) forms described by Turner (1979) from Girvan (Dorning 1985).
(2)_Glen Fruin (Figure 4, Table 2)

Samples of black shales that Downie et al. (1971) studied from the banks of the
River Fruin, yielded a few possible sphaeromorph acritarchs. One sample
(HB/GF/1) has been studied here which was obtained from north of Helensburgh.
(3) Balmaha (Figure 5, Table 2)

Rocks of the Highland Border Complex were sampled from the bed of Loch Lomond
north of Balmaha Pier. The exposure was revealed during the time of exceptionally
low water conditions of 1984. The sequence consists of a serpentinite conglomerate
with a carbonate matrix, a very indurated limestone, and a soft black shale.
Samples were taken from the limestone (HB/BAL/1) and the black shale
(HB/BAL/2), which are separated from each other by a disconformity. Pieces of
the carbonate rock were found in the base of the black shale. The Loch Lomond
Clastics (Henderson and Robertson 1882) which are a possible equivalent to the

Achray Sandstone, although present at this locality were not sampled.
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Figure 3 : map showing the approximate localities of samples collected at North

Glen Sannox, Arran.
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Figure 5 : locality map showing the position of samples collected from Loch Lomond

during very low water levels.
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(4) Bofrishlie Burn, Aberfoyle, (Figure 6, Table 3)
At this locality black shales (HB/BB/1,2,5), a siltstone (HB/BB/3) and a chert

(HB/BB/4) have been collected. The field relationships here are further
complicated by intense forestry work, though a small quarry cut into the forestry
shows a relationship between a black shale and a paler mudstone suggesting that the
paler mudstone is older than the black shales. Re-examination of material
discovered by Jehu and Campbell (1917) confirms the presence of a Lower to
Middle Ordovician age (Curry et al. 1982) for the cherts at this locality. Downie
et al. (1971) recorded microfossils indicative of Llanvirn or younger age from
dark shales in Bofrishlie Burn, which is substantiated by Burton and Curry (in
Curry et al. 1984), who discovered Lagenochitina cylindrica Eisenack 1931
which suggests a Llanvirn to Llandeilo age for the black shales.

(5) Limecraig Quarry, Aberfoyle, = (Figure 7, Table 4)

The geology of this quarry is well documented by Curry et al. (1984, 1986a),
and has been excavated in order to study the Dounans Limestone which had been
extensively quarried (Curry 1986a). There is a diverse suite of rocks exposed
here, serpentinite, limestone-serpentinite admixture, the Dounans Limestone,
Lime-craig Conglomerate containing quartzite clasts which have been dated as
1700 million years old by Rb/Sr isotope methods, (B. J. Bluck pers. comm.),
7black shale, Achray Sandstone and unconformably above them the Old Red
Sandstone. The Dounans Limestone was probably deposited on a shallow marine
shelf, probably forming part of an early Ordovician carbonate sequence extending
beneath the Midland Valley. Ingham et al. (1985) haverecorded a diverse silicified
fauna from this locality, with a Lower Arenig age, and several samples were
collected for palynological b}ocessing, The first was unconformably in contact with
the Old Red Sandstone (HB/LC/2), the second faulted against the serpentinite
(HB/LC/3), and the third from the spoil heap (HB/LC/5). The matrix of the Lime
Craig Conglomerate (HB/LC/4) was also collected as were several samples from
the Achray Sandstone (which contains subordinate shales), (HB/LC/1 .7.8.9.1{).
Also a loose block of black shale (HB/LC/6) and a red sandstone (HB/LC/10) were
collected. Downie et al. (1971) were unable to date a sample of a grey shale from
this quarry. A subordinate shale in the Achray Sandstone yielded two faunas for
Burton and Curry (in Curry et al. 1984). They recorded the older Desmochitina
minor grandicolla Eisenack 1958, and the younger Conochitina robusta

(Eisenack 1959), from the Achray Sandstone at Limecraig Quarry,which suggested
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that an older (Llanvirn-Llandeilo) sequence had been reworked during deposition
of the Achray Sandstone in Caradoc-Ashgill times. One specimen of a conodont
Parapanderodus striatus (Graves and Ellison 1941) which suggests a late
Canadian to Early Whiterockian (Latest Tremadoc to Latest Arenig) age has been

found from the Dounans Limestone (M.P. Smith pers. comm. ).

(6) Leny Quarry at Callander, (Figure 8, Table 5)

This probably forms the faulted remains of an early Highland Border basin
(Ingham et al. 1985). Here, the Leny Limestone (HB/LQ/1,2,3,4,5, 6,7), grits
(HB/LQ/9, 10,11,12,16,17,18), and porphyry rocks are exposed south of the
Highland Boundary fault. North of the fault some samples of limestone and shale
were collected (HB/LQ/13,14,15,19) which may be part of the Leny Limestone or
more likely the Dalradian sequence. Downie et al. (1971) found only finely
comminuted debris and rare sphaeromorphs from a sample of the Leny Limestone
at this locality. Stubblefield (in Brown et al. 1965) states that the Leny
Limestone is upper Lower Cambrian on the basis of the trilobites at this locality
(Pringle 1939) and Harris (1969) taking the Leny sequence to belong to the local
Dalradian on structural evidence, and using Stubblefield's date, considered the
Dalradian to extend as far as the Lower Cambrian. Read (1961) did not consider
the age of the Leny Limestone to be significant due to its position on a major
fracture. Harris (1969) records repetition of the Leny Limestone on the north
side of the quarry, which may be in the same position as that found by Bluck during
the course of re'collecting for this project. It is not apparent whether this is the
Leny Limestone or in fact, and indeed more likely, a lens of limestone belonging to
the Dalradian succession.

(7) Limestone Bank Quarry, Clunie, (Figure 9, Table 6)

This quarry was plane tabled in the summer of 1987 (B.J. Bluck pers. comm. ),
and a series of samples of limestones (HB/CQ/1,6,9,12) and peperites
(HB/CQ/2,5) were mapped and collected. The apparently lower part of the
Highland Border Complex sequence consists of a pure white limestone, and a
peperite (that is a lava intruded into wet calcareous sediment). A sandstone
possibly equivalent to the Achray Sandstone is separated from the limestone and
peperite by a dolerite dyke, and nowhere are the limestone and sandstone
outcropping next to each other. The sandstone is separated from the Old Red
Sandstone by an unconformity. Undeformed Euconochitina brevis (Taugourdeau

and Jekhowsky 1960) which has a range of Arenig to Llandovery. were recorded
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Sample Number Lithology Stratigraphical unit Palaeontological Content
HB/1L.Q/N Dark grey limestone Leny Limestone C
HB/LQ/2 Brown muddy limestone Leny Limestone c
HB/LQ/3 Dark grey limestone Leny Limestone C
HB/LQ/4 Dark grey limestone Leny Limestone c
HB/LQ/S Weathered shale Leny Limestone C

HB/LQ/6 Dark grey limestone Leny Limestone C
HB/LQ/7 Light grey limestone Leny Limestone a
HB/LQ/S Grit d

HB/LQ/10 Grit a

HB/LQ/11 Grit a

HB/ILQ/12 Grit a

HB/LQ/13 Dark grey limestone °

HB/LQ/14 Dark grey limestone b

HB/LQ/1S Dark grey limestone a

HB/LQ/16 White grit a

HB/LQ/17 Grit a

HB/LQ/19 Dark grey shale b

Table & : sample number, lithology, stratigraphical unit and palaeo '
' . ntolo
from Leny Quarry, Callander P gical content for samples
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Figure 9 : locality map showing the position of samples collected from

Limestonebank Quarry, Clunie, Perthshire.
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from a limestone at this locality by Burton and Curry (in Curry et al. 1384).
(8)_The North Esk section at Edzell (Figure 10, Table 7)
At Edzell the Highland Border Complex rocks are exposed in a section cut by the
river North Esk. There are two structurally separate blocks are separated from
each other by probable strike slip faulting.

r | Bl
The Lintrathen Porphyry separates the Old Red Sandstone conglomerates to the
south from the Highland Border Complex. The first sediments encountered to the
north of the Lintrathen Porphyry (which is Late Silurian to Devonian) are a series
of pale grey/yellow greywackes and mudstones (HB/NE/7,10,11,17) which
exhibit a spaced cleavage and may be equivalent to the Achray Sandstone although
they do look very similar to the Dalradian seen at Stonehaven (but do not exhibit
blue quartz ). Further north the red and grey shales (HB/NE/6) followed by
purple dolomites and purple and grey shales (HB/NE/13,14), the purple
dolomites (HB/NE/1,2,9) are cut by two quartz dolerite dykes. This sequence is
continously folded and thrown into broad open folds. A fault separates these rocks
from the NW structural block and the Jasper and Greenrock.
The NW structural Block
The Jasper and Greenrock consists of well developed pillow lavas, subordinate
jasper veins, black shales (HB/NE/15,16,18) and cherts (HB/NE/19). Downie
et al. (1971) discovered about sixty acritarchs in the Jasper and Greenrock
giving an age ranging from Arenig to ?Llanvirn. The next unit of this group is a
conglomerate which possibly unconformably overlies the Jasper and Greenrock and
which consists of well rounded pebbles of the Jasper and Greenrock lithologies and
quartzite clasts. Above this are shales and carbonates (HB/NE/3) and sandstones
and shales (HB/NE/8) which are separated from the Margie Limestone
(HB/NE/4), with subordinate shales (HB/NE12) by a fault. North of the Highland
Boundary Fault the Dalradian is emplaced. Burton et al. (1984) described
Pogonochitina cf.spinifera intermedia Taugourdeau 1961, Desmochitina
(Desmochitina) juglandiformis Laufeld 1967, Lagenochitina cf. prussica
Eisenack 1931, Velatochitina sp., Siphonochitina sp., Clathrochitina sp. and
Conochitina sp. from the Margie Limestone which gives a mid-to-late Caradoc
age for the limestone. An ostracod has also been found at this locality (Curry et al.
1984). Earlier workers equated the Margie Limestone = with the Leny

Limestone (Anderson 1947) although this clearly cannot be the case now.
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Figure 10 : geological map showing the position of samples collected from the banks
of the River North Esk, Edzell.
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RIVER NORTH ESK SECTION, EDZELL [NO 585734]

(South-east structural block)

Sample Number Lithology Stratigraphical unit Palaeont