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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 5857341 

(South-east structural block) 

Sample Number Lithology Stratigraphical unit Palaeontological Content 

HB/NE/1 Purple limestone b 

HB/NE/6 Pale mudstone a 

HB/NE/7 Sandstone a 

HB/NE/9 Purple shales a 

HB/NE/10 Pale mudstone b 

HB/NE/11 Pale shale b 

HB/NE/13 Purple shale b 

HB/NE/14 Purple shale c 

HB/NE/17 Purple shale a 

Table 7: Sample number, lithology, stratigraphical unit and palaeontological content for samples 
from the River North Esk section at Edzell. 

NORTH ESK RIVER SECTION : (Continued) 

(North-west structural block) 

HB/NE/2 Limestone Jasper and Greenrock a 

HB/NE/3 Black shale b 

HB/NE/4 Black limestone Margie Limestone b 

HB/NE/8 Black shale c 

HB/NE/12 Black shale Margie Limestone b 

HB/NE/15 Black shale Jasper and Greenrock a 

HB/NE/16 Black shale Jasper and Greenrock a 

HB/NEI18 Black shale Jasper and Greenrock a 

HB/NE/19 Chert Jasper and Greenrock a 
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(9) Crairleven Bay. Stonehaven. (Figure 11, Table 8). 

At Stonehaven the Highland Boundary Fault crops out along a short stretch of coast 

between Slug Head and Garron Point, interrupted between the points by Craigeven 

Bay. At Slug Head, the southerly outcrop, the junction between the Old Red 

Sandstone and the Highland Border Complex is an unconformity, now nearly 

vertical. Below the unconformity the Highland Border Complex consists of pillow 
lavas and limestones containing jasper veins and small blebs of chert (HB/S/5). 

Across Craigeven Bay which is in Dalradian rocks, the Highland Boundary Fault 

appears again and to the seaward side of it are black shales (HB/S/3,4), followed 

by red mudstones and cherts all interbedded with pillow lavas and affected 

extensively by strike-slip faulting. At Garron Point there is a small outcrop of 

black mudstones that are called the Polylopia shales, from which two samples 

were collected (HB/S/1,2). Again the contact with the Dalradian is the Highland 

Boundary Fault. 

Although the work by Campbell (1911,1913) has since been discredited, 

reinvestigation of the cherts has yielded inarticulate brachiopods and possible 

coleolids which suggest an Ordovician age, which may be as refined as Llanvirn 

(Curry et al. 1984). Trinucleid trilobites and dendroid graptolites have been 

found in a silicified black shale, exposed at low tide, from the north end of 
Craigeven Bay, right next to the Highland Boundary Fault. 

General stratigraphic framework of the Highland Border Complex 

No undoubted Dalradian material has ever been found in the Highland Border 

Complex and so it is assumed that the two terranes were separate during the 
deposition of the Highland Border Complex sediments (Bluck 1984). It has already 
been stated that the relationships between lithologies in the Highland Border 

Complex are very complicated, and make it difficult to form a comprehensive 

stratigraphic framework. Bluck et al. (in Curry et al. , 1984), use four rock 

assemblages which have a stratigraphical significance and this practise will be 

continued here, although at present the stratigraphy is undergoing review (Whelan 

et al. 1988), and the tentative correlation based on the biostratigraphy is shown 
in Figure 12. 

Rock Assemblage 1 

This is composed of serpentinites and associated ophiolitic rocks such as 
amphibolites, and spilites, which may show a phase of early ocean-crust that was 
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Figure 11 : geological map showing the position of samples collected at Stonehaven. 
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formed and then abducted in Early Ordovician or pre-Ordovician times. 

Rock Assemblage 2 

This assemblage is separated from 1 by an unconformity and contains the Arenig 

Dounans Limestone and the associated Limecraig Conglomerate from Limecraig 

quarry, the serpentinite conglomerate from Balmaha, ? the basal silicified 

limestone from Arran, and the carbonate, with jasper veins and chert blebs, at 

Stonehaven. 

Black shales, cherts, tuffs, spilitic lavas, and greywacke turbidites are ubiquitous 

throughout the Complex, though the black shale recognised by Jehu and Campbell 

(1917) from Limecraig Quarry has not been found. 

Rock Assemblage 4 

A tectonic event caused this assemblage to unconformably overlie assemblage 3. It 

contains sandstones and conglomerates and often contain black shale debris, (e. g. in 

the "Loch Lomond Clastics" of Henderson and Robertson 1982). This assemblage 

includes the limestones, and shales at North Esk. The unconformity below this 

assemblage is probably present throughout the whole of the Complex (Bluck et al. 

1984). 

Geotectonic Setting 

There are two viewpoints on the relationship of the Highland Border Complex to the 

Dalradian massif, one that suggests that their structural histories are related and 

another that postulates that the Highland Border Complex formed away from the 

Dalradian terrain and that the two areas were not related until much later. 

Both the Highland Border Complex rocks and the Dalradian rocks are 

steeply dipping or vertical (Curry 1986b), and this has led to them being taken as 

a single structural unit. Shackleton (1958) found downbend structures that 

suggested that the Highland Border Complex was equivalent to the Dalradian. 

Henderson and Robertson (1982) interpreted the Highland Border Complex rocks 

as being formed to the north of or within the Dalradian basin and subsequently 
being thrust over the Dalradian as an envelope to the Tay nappe. Ikin and Harmon 

(1984) were in agreement with this and using stable isotopes they discarded the 

palaeontological and radiometric evidence for the Complex and argued that it had 

been formed either within or north of the Dalradian Supergroup and involved in the 

Grampian Orogeny. 
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The cleavage planes of Dalradian and Highland Border Complex rocks cannot 

be correlated across the Highland Boundary fault (Curry 1986b), indeed a 

considerable rotation is necessary to align the two terranes (Johnson and Harris 

1967). Harte et al. (1984) do not regard the deformation in the Dalradian rocks 

and the Highland Border Complex as correlatable, and therefore the Highland 

Border rocks could not have been involved with those of the Dalradian during the 

formation of the Tay nappe. 

Many kilometres of erosion took place from the Dalradian terrane during 

the Ordovician, but no material of this kind has ever been recognised in the 

Highland Border Complex sediments (Bluck and Leake 1986). The earliest known 

record of Dalradian debris is the Lower Old Red Sandstone. Thus the Highland 

Border Complex must have been deposited in a basin which at the time was not 

adjacent to the Dalradian massif, but which became juxtaposed with it at a date no 

earlier than the latest Silurian (Bluck and Leake 1986). The lack of Dalradian 

debris as well as the undoubted Ordovician age makes it impossible that the 

Dalradian and Highland Border Complex were adjacent during the Ordovician. This 

and the fact that much of the Highland Border Complex had not been deposited at the 

time of the main peak of Dalradian metamorphism (Dempster 1984), makes the 

theory that the Highland Border Complex was formed north of the Dalradian massif 

and thrust over it during the formation of the Tay nappe, postulated by Henderson 

and Robertson (1982) untenable. 

The Highland Border Complex was probably deposited in a marginal basin 

flanked to the south-east by the Midland Valley volcanic or plutonic arc massif 
(Bluck et al. 1984), supplying sediment to the Highland Border basin. The basin 

which must have been larger than its present day extent, as the Dalradian was 

probably thrust over it and the Devonian deposited onto it (Bluck 1984), and was 

accreted onto the Dalradian by strike-slip and thrust faulting. 
_, 

'"l-he closure 

resulted in the Highland Border rocks having a structural grain similar to that of 
the Dalradian, thus giving the appearance of structural unity between the two 

(Longman et al. 1979). 

While the isotopic, and structural evidence cannot be argued about within 
the scope of this work, the range of specimens found show that the Highland Border 

Complex could not have taken part in the Grampian Orogeny. 

Southern Uplands 
The Southern Uplands in Scotland will be dealt with using the three-fold division of 
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Peach and Horne (1899) that is as a Northern Belt, a Central Belt and a Southern 

Belt. 

The Northern Belt 

This area consists of Ordovician greywackes overlying mafic volcanics, bedded 

cherts graptolitic shales and conglomeratic beds. The latter contain some shelly 

fossils which are otherwise restricted to limestones which may possibly be 

olistostromic (Walton 1983). There is one area in the Northern Belt that is of 

interest to this study. 

r il (Figure 13, Table 9) 

At Barrhill samples were collected from a section at Cross Water (NX 28 SW). 

There are two formations, the older Lochryan and younger Cairnerzean Formations. 

The Lochryan Formation consists of greywackes rich in quartz, with rare pyroxene 

and hornblende, and grey siltstones often bearing graptolite rich laminae (pers. 

comm. J. D. Floyd 1985). Several samples (SU/B/1,3,8,10,12,13,14, and 16) 

were collected from fine grained siltstones and graptolitic shales from this 

formation. 

The Cairnerzean Formation (SU/B/4,6) consists of greywackes rich in pyroxene 

and/ or amphiboles, and siltstones. The two formations extend from the Llandeilo to 

the Caradoc in age. 

Two samples were collected from the same locality by J. D. Floyd in 1985. SU/B/19 

from the Caradoc, and SU/B/17 is Silurian. Both of these are siltstones. 

The Central Belt 

The Central Belt is separated from the Northern Belt by the Orlock Bridge Fault, 

and consists predominantly of greywackes, though there are inliers of Ordovician 

and Silurian sediments - the Moffat Shales. There are several exposed inliers 

though the only one that has been collected for this study is at Dob's Linn. 

Dob's Linn (Figure 14) 

Dob's Linn is ten miles north-east of Moffat at the Head of the Moffat Water. At this 
4- 

locality the Glenkiln, Hartfell and Bikhill Shales, composing the Moffat Shale 

Group (Caradoc to Liandovery), crop out in continuous sections, one of which 

contains the International stratotype of the Ordovician-Silurian boundary. This 

latter section and a number of others were sampled in detail. The structure of 
Moffat Shale Group was first postulated by Lapworth (1878), and Peach and Horne 

(1899) as exhibiting tight, isoclinal anticlines, although it is now held that the 
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structure is composed of tilted beds dipping predominantly to the north, (Leggett 

et al. (1979), Craig and Walton (1959). These shales are replaced higher in the 

section by large amounts of sparsely graptolitic late Llandovery greywackes (the 

Gala Greywacke Group) in the Rastrites maximus Zone. Fault bounded tracts 

showing similar transitions are common all through the Southern Uplands. -The 

ninety metres of Hartfell and Birkhill Shales exposed here (Williams 1981), 

represent a substantially condensed sequence, as an equivalent sequence a hundred 

kilometres to the west, at Girvan is over three thousand metres thick. 

At Dob's Linn there are several exposures of the Moffat Shale Group which 

can be divided into the Glenkiln Shales, Upper and Lower Hartfell Shales and 

Birkhill Shales and which consists mainly of black shales, grey mudstones with 

occasional black shale bands, rare nodular basic igneous rocks and detrital 

limestones (Williams 1988), and metabentonites. The area was remapped by 

Ingham (1978) who found several new black shale horizons. The metabentonites 

are waterlain volcanic sediments, which Williams (1980) suggests may be related 

to the northerly dipping subduction zone, though their presence does not imply 

anything about the proximity of the vulcanicity. 

Samples have been collected from three localities, Little Cliff, Main Cliff 

and the Linn Branch section (Figure 14); the latter two span the Ordovician- 

Silurian boundary and the Linn Branch section is the International stratotype. 
Differences in the thickness of beds between the Main Cliff and the Linn Branch is an. 

original sedimentary feature as different beds thicken by different amounts 
(Williams 1982a). A fourth major locality, the Long Burn, which was not sampled 
is separated from the Main Cliff and Linn Branch section by the Main Fault which 
is one of the imbricate thrusts. The Long Burn section was probably deposited 

many miles away from the Linn Branch section. At Little Cliff the Climacograptus 

peltifer and Climacograptus wilsoni graptolite Biozones are exposed. At Main 

Cliff the Dicranograptus clingani to Parakidograptus acuminates Zones are 

exposed, and although some strike slip faulting has caused repetition of the upper 
Anceps and Extraordinarius black shale Bands, and the beds dip at about 45°, they 

are consistently the right way up (Williams 1980). At the Linn Branch, the zones 
Dicellograptus anceps to R. maximus are present, and although the beds are 

overturned, the stratigraphy is not complicated by repetition (Williams 1980). 
Samples have been collected from all the represented Ordovician graptolite 
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Biozones and from the Silurian P. acuminatus Zone, but collecting has been more 

concentrated from the D. anceps to P. acuminatus Zones, and fixed space sampling 

has been undertaken either side of the Ordovician-Silurian boundary which 

coincides with the base of the P. acuminatus Zone. 

More samples have been taken from the Main Cliff than the Linn Branch section as 

reconnaissance work showed that the Main Cliff samples are more abundant in 

palynomorphs than the Linn Branch ones. Toghill (1968b) noted that the Main 

Cliff is a better place for measuring up the basal beds of the Birkhill Shale, 

although the sediments have been subjected to large scale gravity rotation (Ingham 

1974). 

Previous palaeontological research at Dob's Linn 

Graptolites were first recorded here in the 1850's, although the stratigraphical 
implications were not then realised. Lapworth first worked at Dob's Linn, and in a 

succession of papers, including his major publication in 1878 recorded the 

structure and the graptolite biostratigraphy, and in 1889 produced a paper 

comparing the strata at Dob's Linn and Girvan. Subsequent work has been done on 

the graptolites by Peach and Horne (1899), Elles and Wood (1901-1918), 

Davies (1929), Packham (1962), and Toghill (1968,1968a, 1970). The 

sections at Dob's Linn were totally re-collected, and the material worked on by 

Williams (1982a, 1982b, 1983,1986,1987,1988), Williams and Ingham (in 

press), Williams and Lockley (1983), and Williams and Rickards (1984). 

Williams and Lockley (1983) record an algal fibre, and describe 

epiplanktonic inarticulate brachiopods from the upper Complanatus EOM at Dob's 

Linn indicating quiet bottom water conditions. Lamont and Lindström (1957) first 

reported the presence of conodonts at Dob's Linn and Barnes and Williams (1988) 

discussed more fully the implications of the conodont data. They have found about 
100 specimens mainly from the D. anceps Zone, indicating a Conodont Alteration 

Index (CAI) of 5-7, which suggests a maximum temperature of 300°C (that the 

sediments have been taken to). The diversity is low, no fixed clusters were found, 

and the preservation was poor often only as moulds, and identification was mostly 

only to generic level. Conodonts are rare near the Ordovician-Silurian boundary, 

most are from black shales. The abundance is typically three to five species per 

graptolite zone, which is as expected for deep ocean environment. Chemical 

processing has yielded nothing, and all the specimens were on bedding plane 
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sections. No conodonts were recovered from the Climacograptus? extraordinarius 

Zone. The Glyptograptus persculptus Zone yielded a conodont species diagnostic of 

the Ordovician, whilst the P. acuminatus zone yielded mostly coniforms that cross 

the boundary in other parts of the world, although one specimen of Oulodus? 

kentuckyensis was found that is known only from the Silurian. 

A specialised (blind) dalmanitid trilobite was found 10cm below the 

C. ? extra ordinarius 19c-cl in a nodular limestone by Ingham. Williams (1986) 

records that it is congeneric but not conspecific with Mucronaspis (s. l. ) 

cellulana described by Siveter et al. (1980) from an equivalent C. 

? extraordinarius Zone in Ireland. The species appears to be restricted to Dob's 

Linn, and probably lived in deep water below the photic zone (Williams 1980). 

Stratigraphical Framework 

As already stated the Moffat Shale Group can be divided into four main units all of 

which are conformable. 

The Glenkiln Shale(Figures 14,15, Table 10) 

This is the oldest stratigraphic unit exposed at Dob's Linn and consists of five 

metres of orange weathering black cherty shale with sparse graptolites comprising 

the C. peltifer Zone (SU/DL/1), exposed at Little Cliff. 

The Lower Hartfell Shale (Figures 14,15, Tables 10,11) 

The Lower Hartfell Shale consists of about twenty metres of black abundantly 

graptolitic shales comprising the C. wilsoni (SU/DL/2) Zone exposed at little 

Cliff, D. clingani (SU/DL/3) and some of the P. linearis (SU/DL14) Zone, 

exposed at Main Cliff. This unit is quite siliceous at the base but this decreases 

upwards (Williams 1986). 

The Upper Hartfell Shale (Figures 14,15, Tables 11,12,14) 

The younger Upper Hartfell Shale is often called the Barren Mudstones due to the 

scarcity of graptolites, and it is a sequence (twenty eight metres thick) of 

predominantly finely bioturbated massive grey-green mudstones and shales 
(Williams and Rickards, 1984), with subordinate thin black shale bands. There 

are. two Complanatus Bands, although originally only one was known. A second 

thinner stratigraphically higher one was found by Ingham (In Ingham and 
Williams 1974) which is separated from the first by a locally bioturbated 

mudstone (Williams 1987). There are also five Anceps Bands-which are strongly 

graptolitic and one Extraordinarius Band which is less graptolitic, and 
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Figure 15 : stratigraphical section for the three localities at Dob's Linn 
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metabentonite horizons. 

Four samples were collected from the D. complantatus Zone. One from the 

nine metres of grey mudstone below the lowest Complanatus Band (SU/DL/5), a 

black shale from the lowest Complanatus Band (SU/DL/6), and two grey mudstones 

from above it (SU/DIJ7,8). 

There are thirteen metres of grey mudstone between the Complanatus 

Bands and the Anceps Bands, and the the strata encompassing the latter show a 

thickness of one point six metres at the Main Cliff, and four point five metres at 

the Long Burn section to the north which Williams (1986) attributes to original 

sedimentary variation. There are five Anceps Bands and there is a sudden increase 

in diversity in Band C (Williams 1986) and there is a widely different fauna 

between Anceps Bands A to B and C to E. Thus Williams (1982b) subdivided up the 

D. anceps Zone into two subzones, although this practice will not be followed here. 

Nine samples have been collected from the D. anceps Zone at Main Cliff, 

SU/DU9,10,11,13 and 14 from the Anceps black shale Bands A to E respectively 

and SU/DU45,12,46, and 47 from the grey mudstones in between them, and two 

(SU/DU42,45) from grey mudstones from the D. anceps Zone at the Linn 

Branch section. The boundary between the D. anceps and the C.? extraordinarius 

is somewhere above the Anceps Band E in the Hartfell Shale. 

Above the D. anceps Zone is the C? extraordinarius Zone added by 

Rickards (1979) based on the discovery by Ingham and Williams (1974) of a 

black shale band between the top of the Anceps Bands and the Birkhill Shale. Four 

samples have been collected from this Zone at Main Cliff (SU/DU15,16,17 and 

39) and two from the Linn Branch (SU/DU31,32). The C.? extraordinarius 

Zone falls within the Hirnantian and the G. persculptus Zone is ', y '10-- 

V-1; c . Ox\ :--.. The boundary between the C? extraordinarius and 

G. persculptus Zones probably falls within the top of the Upper Hartfell Shale 

(Williams 1986). 

The Birkhill Shale (Figures 14,15, Tables 12,13,14) 

The Birkhill Shale (forty-three metres) comprises a laminated, pyritic, black 

shale with abundant graptolites, and represents the G. persculptus to R. 

maximus Zones The G. persculptus Zone was first recognised by Toghill 

(1968b) though the species had been recorded by Davies (1929). The boundary 

between the G. persculptus and the P. acuminatus Zone is well marked at Dob's 
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Linn with the incoming of Akidograptus ascensus and Parakidograptus acuminatus 

(Williams 1986), The graptolite Akidograptus first appears at the base of the 

P. acuminatus Zone at Dob's Linn, though in China it appears lower than this 

(Berry 1987). Six samples have been collected from the G. persculptus Zone at 

Main Cliff (SU/DL/40,48-52) and three from the Linn Branch (SU/DL/33-35). 

Six samples have been collected from the P. acuminatus Zone at Main Cliff 

(SU/DL/41,53-57) and three at the Linn Branch (SU/DL/38-38). The Birkhill 

Shale is replaced vertically by the Gala Greywackes in'the R. maximus Zone. 

The Ordovician- Silurian Boundary at Dob's Linn 
% 

Cocks et a!. (1970) first established the base of the Silurian at Dob's Linn at the 

base of the G. perscu! ptus Zone, that is at the boundary between the Upper 

Hartfell and the Birkhill Shales. However the boundary was finally designated at 

the base of the P. acuminatus Zone, that is one point six metres above the base of 

the Birkhill Shale in the Linn Branch section. This allows the shelly Hirnantia 

fauna to remain the Ordovician (Cocks 1985). The boundary is marked by the 

incoming of the graptolites Akidograptus ascensus (Davies 1929) and 

Parakidograptus acuminatus s.!. (Nicholson 1867) (Cocks 1985). 

Berry (1987) argues that there is a major extinction of Late Ordovician 

taxa at the top of the D. anceps Zone, and a new radiation in the G. persculptus 

Zone. Therefore the base of the G. persculptus zone would be a better position for 

the boundary. He argues also that Dob's Linn is a poor place for a boundary due to 

the scarcity of fossils other than graptolites, and due also to structural complexity 

which may influence thicknesses and therefore the stratigraphical ranges of the 

fossils. The base of the G. persculptus Zone cannot be delineated as there are few 

graptolites in the Upper Hartfell Shale; the base is probably above Anceps Band E 

(Williams 1986). There is a graptolite extinction at the D. ancepsl C. ? 

extraordinarius Zone boundary (Williams 1988), five point five metres below 

the base of the P. acuminatus Zone (Berry 1987). In China this extinction occurs 

a quarter of a metre below the base of the G. persculptus Zone, whereas at Dob's 

Linn it occurs three point five metres below the base of the G. persculptus Zone. 

Therefore Berry (1987) regards the base of the G. perscuiptus Zone as a more 

suitable place for the boundary. This extinction could be said to be a biological 

event and could be used as the Ordovician-Silurian boundary (Berry 1987). 

Berry et al. (1984) and Wilde et al. (1984,86) show chemical changes 
in the grey shales near the Extraordinarius Band which may be related to the 
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oxygen conditions in the waters. Between G. persculptus Zone and C. ? 

extraordinarius Zone there is a calcium carbonate rich layer, which is in a 

similar place in the sections in China, and could possibly be used as an indication 

of the boundary. 

Lesperance et al. (1987) rightly state that few of the guidelines needed for 

a boundary are found at Dob's Linn, as it is structurally complex, is a condensed 

sequence, is of limited lateral extent and most of the graptolite zones are not well 

constrained in the grey mudstones. Furthermore the two species that mark the 

boundary do not appear together in China, where the pre-P. acuminatus strata 

also bear a monograptid fauna. The CAI at Dob's Linn is 5-7, leading Lesperance of 

a!. (1987) to state that ".... the strata are thermally complex, limiting their 

value in studies of palynology....... The latter clearly is not the case, as shown by 

the present study and Whelan and Burton (1988), the other objections 

notwithstanding. LespOrance (1985) has attempted to correlate the P. acuminatus 
Zone boundary with carbonate platform sequences on Anticosti Island and the 

appearance of the trilobite Acernaspis may coincide with the P. acuminatus Zone 

boundary but this has not yet been tested. The boundary at Dob's Linn is really only 

useful for deep water sequences, but other places that have been sited for the 

boundary also have many drawbacks. At Dob's Linn at least the boundary is 

continuous, if condensed, whereas in Anticosti Island reef sediments are present at 

about the boundary level containing few palynomorphs and graptolites, although 

conodonts are common, along with other groups of fossils. It is thus difficult to use 

the groups common at Dob's Linn for biostratigraphical purposes on Anticosti 

Island. 

Williams (1986) suggests that the base of the P. acuminatus Zone is the 

most suitable place for the Ordovician-Silurian boundary as it is impossible to 

define the base of the G. perscu/ptus Zone. Elsewhere there is often an 

unconformity at the base of the Silurian due to late Ordovician regressions and 

early Silurian transgressions related to contemporary glaciation. 
At the present time the Ordovician-Silurian boundary is one point six 

metres above the base of the Birkhill Shale in the Linn Branch section at Dob's 

Linn (Cocks 1985). Toghill (1968a, b) defined the Ordovician-Silurian boundary 

at the Main Cliff as one point zero six metres above the base of the Birkhill Shale 

but Williams (1983 ) remarks that if the basal beds of the Birkhill Shale are 
included it is more like one point six four metres. Either Töghill did not include 

these basal beds in the Birkhill Shale or they have been faulted out where he 
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measured them. 

The Southern Belt 

The rocks of this belt are predominantly Llandovery and Wenlock in age, but will 

not be covered in any greaE detail in this work. Only one locality has been sampled. 

Coldingham Bay (Figure 16) 

The unfossiliferous Coldingham Beds (Shiells and Dearman 1963) consist of pale 

grey and buff coloured shales (SU/CB/1-4) which form an inlier within the 

Lower Old Red Sandstone basin that lies within the greywacke terrane of the 

Southern Uplands prism. The rocks of the inlier are relatively flat-lying and lack 

a cleavage, are isoclinally folded and sheared and Oliver et al. 1984 suggest that 

they may be deformed by soft sediment deformation. Shiells and Dearman (1963) 

suggest that these beds may be the oldest in the area, and the complexity of their 

structure may be related to deep levels of orogenic zones, on these grounds they 

postulate that the Coldingham Beds are Cambrian or early Ordovician or possibly 

older, although Oliver et al. (1984) suggest that they may have a late Silurian 

age. 

Depositional environment 

The sediments of the Southern Uplands and Girvan were deposited in the northern 

sector of the Iapetus ocean (originally named by Harland and Gayer 1972), which 

separated the Lake District and the Southern Uplands during the Ordovician. At 

Dob's Linn shales and mudstones were deposited offshore and in deep water, during 

the Caradoc to Llandovery (Cocks 1985). In the R. maximus Zone the first 

indisputable greywackes (Williams 1988) were deposited (Williams 1988). 

Dewey (1971), Leggett (1980) and Leggett et al. (1979) considered the shales 

to be truly pelagic, and formed during periods of high eustatic sea levels and 

increased primary production, however the sediments of the upper Ordovician and 

Lower Silurian Moffat Group display sedimentary features (Williams and Rickards 

1984, Williams 1988) which suggest that they were more likely to have been 

deposited by hemipelagic, distal turbidites in the abyssal depths of the Iapetus 

Ocean (Williams 1988). The source area must have contained carbonates to allow 

for the carbonate rich horizons in the sequence at Dob's Linn. Northerly directed 

subduction subsequently transported the sediments to the site of deposition by 

proximal turbidites resulted in diachronous deposition of the Gala Greywacke 
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Figure 16 : locality map showing the position of Coldingham Bay. 
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Group. Deformation related to this subduction produced imbricate thrusting and 

metamorphism to prehnite-pumpellyite facies (Williams 1988). 

Sea level during the Caradoc was high and not related to glaciation (Leggett 

1980) but possibly to the formation of new o«o, 0c crust (Leggett 1978). Low 

sea level in the Ashgill and high sea level in the Liandovery were probably related 

to Southern Hemisphere glaciation (Berry and Wilde 1978, Leggett 1980). Sea 

level changes were thus responsible for major changes in lithology, but small scale 

lithological variation may have been related to fluctuations in oxygen levels 

(Williams and Rickards 1984). Graptolite horizons have been subjected to 

winnowing by current activity which may have controlled the oxygen levels along 

with the density of organic matter (Williams and Rickards 1984). Williams 

(1986) further notes that "The worldwide graptolite mass extinction which 

occurred at the base of the C? extraordinarius Zone and resulted in the extinction 

of at least five genera and numerous species was almost certainly related to the late 

Ordovician southern-hemisphere glaciation which also accounted for the sudden 

change in shelly faunas at the base of the Hirnantian stage". Wilde of al. (1986) 

show that there is no extraterrestrial source for the extinctions at the Ordovician- 

Silurian boundary. 

Structural History of the Southern Uplands 

Leggett et al. (1979) divided the three belts first desgiibed by Peach and Horne 

(1889) into ten discrete tracts, bounded by major reverse strike faults, and 

originally deposited far apart (Leggett et al. 1979). Most sequences consist of 

cherts, lavas or graptolitic shales below thick sequences of greywackes which have 

a diachronous base and young progressively south. Systematic variations in the 

regional timing of the transition from shales to greywackes, along with the 

complex younging relationships between and within the tracts (first recognised by 

Craig and Walton 1959) are thought to reflect the progressive growth of an 

accretionary prism (McKerrow et al. 1977), over a northerly dipping 

subduction zone during closure of the Iapetus Ocean. This model was first suggested 

by Mitchell and McKerrow (1975) who record an analogy of the Southern Uplands 

with the Burma orogen. McKerrow et al. (1977), Leggett of al. (1979), and 
Leggett (1987) subsequently expanded and refined the model for deposition of the 

sediments of the Southern Uplands in a fore-arc trench followed by the sequential 
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accretion of packets of strata to form an accretionary prism. 

Moseley (1977,78) disputed this model due to the postulated closure of the 

Iapetus Ocean at the end of the Ordovician, which would have terminated subduction 

of the ocean floor before the last accretionary packets were supposed to have 

formed. 

Murphy and Hutton (1986) and Hutton and Murphy (1987) while agreeing 

with the principle of an accretionary prism model in the Ordovician however 

dispute this model in the Silurian, as they think that subduction was completed at 

both margins of Iapetus by late Ordovician times and that Silurian turbidites were 

deposited in a successor basin. They hypothesised that the basin structure is a 

sinistral transcurrent imbricate stack, the result of oblique terminal collision of 

Cadomia with Laurasia at the end of the Silurian (Murphy and Hutton 1986). 

Morris (1987) suggests that the rocks of the Central and Southern Belts were 

deposited in a fore-arc setting but that the Northern Belt in a back arc basin which 

closed and was deformed at the end of the Ordovician, and then overthrust by the 

allochthonous thrust-stack of imbricated Central and Southern Belts fore-arc 

sequence at the end of the Silurian. Kelling et al. (1987) agree with the 

accretionary prism model for the Llandeilo to Llandovery sediments and reject the 

back arc model, but agree with Hutton and Murphy (1987) that the later 

sediments were deposited in a successor basin. Barnes et al. (1987) conclude that 

the Northern Belt was formed by accretionary prism but not the Central Belt. 

Needham and Knipe (1986) believe that accretion occurred from Llanvirn 

to the Wenlock, and that its deformation had a south-easterly direction suggesting 

underthrusting of lower crustal material of Cadomian affinity. Later there was a 

reversal in transport direction with north-west thrusting, and this along with the 

fact that the northern part of the Southern Uplands is underlain by Midland Valley 

type crust (Hall et al. 1983) suggests to them that partial northward obduction 

has occurred. Thus the Southern Uplands are considered to be a large scale pop-up 

structure between a fore-thrust and a back thrust which partially obducted it 

toward the north-west (Needham and Knipe 1986). 

The imbricate thrust stack with complex younging directions has been used 

to support both accretionary prism and piggybacked thrust duplex models in a 

marginal foreland or successor basin (McCurry 1986). Detailed mapping in the 

Rhinns of Galloway suggests that some tracts actually young south-east and support 

sequential simple shear and pure shear deformation in a' steady state trench 

environment (McCurry 1986 ). 
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Stone et al. (1987) totally dispute the accretionary prism model and 

suggest that as well as a land mass supplying sediment from the north, southern 

material (i. e. oceanward in the fore-arc setting) also supplied mature quartzose 

and andesitic material. The sediments were thus deposited in a back arc basin, with 

the Iapetus Ocean closing in the Llandovery by arc-continent collision and 

producing a south east propagating thrust stack, which ramped over the eroded 

remains of the volcanic arc and provided detritus to a foreland basin, the 

sedimentary fill of which now forms the Hawick Group and younger sediments 

(Stone et al. 1986). 

The mechanism by which the structure of the Southern Uplands was formed 

is obviously still uncertain, as there are as many theories as there are people 

working on it. Many workers still hold with the accretionary prism model for all 

or part of the Southern Uplands, and only exhaustive field work and tighter 

stratigraphical controls will resolve the controversy. 

The basin is underlain by continental basement which suggests that the Southern 

Uplands is allochthonous (Bluck 1984). 

Midland Valley 
Girvan is situated in the south-western tip of the Midland Valley, and is a classic 

area of Lower Palaeozoic geology. The Lower Ordovician Ballantrae Complex is an 

ophiolitic complex formed in a marginal basin-arc type setting (Bluck 1982) 

which was obducted prior to the unconformable deposition of the Ordovician and 
Silurian cover in a proximal fore-arc environment (Longman et al. 1979). It is 

associated with olistostrome deposits which include black shales. Work by Rushton 

et a!. (1986) suggests that the main Pinbain (Figure 17) olistostrome sequence 
is Lower Arenig in age. At Pinbain the olistostrome is bounded to the south by a 
fault and to the north by the metamorphic sole. The main ophiolitic rocks have been 

thrust over the olistostrome which may have been formed by the ophiolite or prior 
to obduction. The relationship of the olistostrome to the ophiolite is a very 

complicated one, and any age dates that could be determined would aid in the 
interpretation of the ophiolitic complex. The Ballantrae Complex forms part of the 

source for the Middle and Upper Ordovician sediments, of which there are about 
three thousand metres at Girvan. They are broadly equivalent in age to those at 
Dob's Linn, which thus represents a substantially condensed sequence. The 

sediments at Girvan were in all likelihood deposited in a series of fault bounded 

basins on an unstable slope or slopes probably paralleling an active subduction 
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trench to the south-east (Ingham 1978). Macrofossils are represented mainly by 

graptolites but there are also shelly horizons, with presumably washed in 

material (Ingham 1978). The fore-arc represented by the Middle and Upper 

Ordovician sediments was terminated by the Southern Uplands being thrust over it 

(Bluck 1984). 

Pinbain Beach and Hill. Ballantrae (Figure 17, Table 15) 

One sample of limestone (MV/G/1) was collected from the olistostrome on Pinbain 

beach, and a sample of limestone (MV/G/2) and one of black shale (MV/G/3) were 

collected from the olistostrome exposed in a stream beneath the ophiolite sole about 
% 

four hundred metres north-north-west at Laigh Knocklaugh. 

The Girvan Foreshore 

The oldest sediments collected at Girvan are the Infra-Kilranny mudstones (Figure 

18) at Dow Hill (MV/G/5) (Figure 17, Table 15) which are dark grey mudstones 

containing a shelly fauna and are broadly equivalent in age to the inland Balclatchie 

Group, thus being early Caradoc (Walton 1983). The second group which is 

younger than the Infra-Kilranny mudstones and rests with discordance upon that 

group (Ingham 1978) is the Ardwell Group. Two samples (Figure 17, Table 15) of 

dark grey mudstones were collected from this group. The first, from the base of the 

Ardwell Group at Ardmillan Braes (MV/G/6) and the second higher up at the gate of 

Ardwell Farm (MV/G/7). There is general disagreement as to whether the 

sediments were deposited in a neritic environment (Hubert 1966) or in a 

downslope turbidite regime (Williams 1962). This group has been much affected 

by soft sediment deformation, and the graptolites indicate a late middle or late 

Caradoc age for the top of this unit (Ingham 1978). 

The succeeding and conformable unit to the Ardwell Group is the Whitehouse 

Group (Figure 18), which is lithologically very diverse, but no samples were 

collected from the bulk of it, except for one from the Mill Formation (uppermost 

formation of the Upper Whitehouse Group) at Woodland Point (Figure 19, Table 

16) . This formation consists of grey and green striped mudstones and shales 

overlain by shales which contain graptolites of the D. complanatus Zone. Above 

this are more grey-green shales from which one sample was collected (MV/G/29). 

The Shalloch or Barren Flags Formation lie- conformably above the Mill 

Formation (Figure 18,19, Table 16). It begins with a thin grey mudstone which 

is persistent over a large area (J. K. Ingham pers. comm. ). Above this is about two 

hundred and thirty metres of sandstones and shales (total about three hundred and 
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Figure 18 : generalised stratigraphical column for the sediments at Girvan. 
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thirty metres in the Myoch Bay/Haven area) which pass unconformably into the 

basal Silurian. The sandstones are greenish-grey, fine-grained, laminated, for the 

most part ungraded with ripple marks and convolute lamination (Walton 1983). 

They are interbedded with greenish-grey or grey mudstones and shales. There are 

three thin limestones that contain recognisable Lower Ashgill shelly debris 

(Ingham 1978). Graptolites are found at the base of the unit representing the D. 

complanatus Zone and one hundred and eighty metres from the base representing 

the D. anceps Zone, Therefore somewhere within this unit the D. complanatus / 

D. anceps Zone boundary is exposed, Hubert (1966) records a change from 

greenish to grey shales, brought about by a change of current from south-west to 

north-east. Samples were collected at approximately twenty metre intervals 

throughout the Shalloch Formation exposed at Woodland Point (Figure 19). 

Hubert (1966) regarded the Upper Whitehouse beds as pro-deltaic shallow 

water deposits, and the Shalloch formation as flysch sediments deposited in the 

deeper neritic zone, but Ingham (1978) is in favour of the Upper Whitehouse beds 

as being deposited in reasonably deep water as the macrofauna preserved is 

regarded as an intermediate between a Clorinda type community and a graptolitic 
facies. He considers the sediments to have been deposited on a subsiding unstable 

slope of a submarine fan (Ingham 1978). Harper (1979) states that the Upper 

Whitehouse Group and the Shalloch Formation sediments were deposited in a 

predominantly unstable and often turbulent off-shore continental slope 

environment, at depths of three hundred to a thousand metres and is thus in full 

agreement with Ingham (1978). 

Stinchar Valley 

Two samples (MV/G/8,9) (Figure 17, Table 15) were collected from the 

Jubilation Member (Doularg Formation, Albany Group), which is a grey muddy 
limestone exposed in Plantation Burn east of Doularg Hill (NX 26912 92895). It 

is Whiterockian (? Arenig to Lower 5landeilo) in age (Ross and Ingham 1970). The 

terminology used here is informal (J. K. ingham pers. comm. ). 
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Chapter 3- Sampling and Preparation 

Introduction 

Seventy one samples have been processed from the Highland Border Complex, forty 

three from Dob's Linn, twenty from the Girvan area, twelve from Barrhill, and 

four from Coldingham Bay. Their lithologies are listed in Chapter 2. 

Sampling 

Although Paris (1981) recommends layer by layer sampling this has not been 

feasible from the Highland Border Complex, due to the complexity of deformation. 

Jenkins (1967, p. 480) states ... " that within short sequences of either mixed or 

uniform lithology, the concentration of chitinozoans in the rock may vary greatly 

and capriciously, but the same species are present everywhere and the relative 

abundances of each species....... remains much the same" Therefore it is not 

necessary to sample every lithology, and indeed any lithology could in theory yield 

chitinozoans. At Girvan sampling has been carried out at approximately twenty 

metre intervals, and at Dob's Linn collecting has been carried out . systematically 

(though not layer by layer) through the Hartfell Shale and Birkhill Shale, but also 

at five to ten centimetre intervals across the approximate position of the 

Ordovician/Silurian boundary. Paris (1981) also warns of the fact that some 

layers contain mixed assemblages (ag. chioritised oolite with phosphoritised 

pebbles at the base of the formation of Louredo in Portugal). As the succession at 

Dob's Linn suggests that a small amount of sediment was deposited over a long time 

period, it is likely that samples will contain an assemblage from more than one 

time interval and it has not been possible to sample layer by layer. At Girvan the 

sediments represent a turbidite sequence and so are likely to contain material 

washed in, a factor which must be also taken into account with the Dob's Linn 

sediments. 

The abundance of palynomorphs in a sample is dependent on several factors, 

among them 

(a) the rate of sedimentation 

(b) preservation at or near the sediment/water interface 

(c) the facies preference of the living creatures for the environment. 

By virtue of the rate of sedimentation mudstones normally contain relatively more 
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palynomorphs. The relative scarcity of chitinozoans must be explained therefore 

by another method, probably due to preservation of the sediments and the long 

time over which such a short sequence was deposited. 

In a deformed area it may be advantageous to collect calcareous rocks as 

while they are less likely to contain chitinozoans (? and acritarchs) they are also 

less susceptible to deformation (Paris 1981). Where there are deformed 

sequences of alternating mudstones and sandstones, the argillaceous layers are far 

more preferable for the reason given above. If folding is present then the sample is 

best taken from the area of the flank of the fold rather than the hinge (Paris 

1981), although in the Highland Border Complex it is often difficult to ascertain 

the position of the hinge. 

Palynomorphs appear to be preserved up to greenschist facies, albeit poorly 

(Smith and Saunders 1970) but once into biotite grade rocks, or near a thermal 

aureole, it is extremely unlikely that any fossils will remain. Pacltovä (1986) 

illustrates material which she claims are organic microfossils from biotite grade 

gneisses in Czechoslovakia, although the figured material appears to be very poorly 

preserved. 

Preparation 

The two groups, acritarchs and chitinozoans, although widely different 

systematically, share the common features of acid insolubility, extreme durability 

and of being abundant or at least present in most marine lithologies. All the 

equipment used in preparation must be free of contamination, and was thus 

initially sterilised using chromic acid (concentrated sulphuric acid and potassium 

dichromate), and then scrubbed with detergent and water. The samples themselves 

are scrubbed with detergent and water to remove surface contaminants. 

kdow 

The samples are broken down to 1 cm cubes using a hammer, or in the case of very 
indurated sediments, using a jaw crusher. 

Chemical Breakdown 

Since carbonate material can cause problems later in processing, it is tested for at 
this stage, using dilute hydrochloric acid. Those samples that proved positive have 

the carbonate removed by the following method. They are placed in litre beakers, 
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damped down slightly, then 40% hydrochloric acid is added slowly, until the 

effervescence stops. The supernatant acid is decanted, and the process is repeated 

until all the carbonate is removed. 

The next step is the digestion of silicate material. All samples are placed in 

polythene beakers, and 40% hydrofluoric acid is added until the beaker is about 

half full. The sample is then left for between a week and a month, stirred twice 

daily, after which the acid is decanted, and the sample neutralised. The samples are 

now ready to be washed through a 10 µm mesh with tap water, and studied under a 

microscope. Several mineral residues can be removed by further treatment. 

(a) Calcium fluoride : If the calcium carbonate is not completely digested, then 

during the reaction with hydrofluoric acid, calcium fluoride will form.. This is 

easily removed by boiling the sample in hydrochloric acid. In some samples (e. g. 

the Shalloch Formation ones) boiling twice in hydrochloric acid completely 

removed all the mineral that was present after the sample was decanted from 

hydrofluoric acid. 

(b) Pyrite : This can be removed by heavy mineral separation using zinc bromide. 

However many of the palynomorphs have been found to have some 

pyritisation of the test, and therefore the pyrite should be removed chemically 

using cold nitric acid. The sample is placed in a beaker and concentrated nitric acid 
is added and left for about five minutes. The residue is then checked and the process 

repeated if necessary. This technique is rarely used, as nitric acid is an oxidising 

agent and Highland Border Complex specimens could be destroyed using it. In many 

of the samples from Dob's Linn there is so much organic matter that it has little 

effect, and it is more effective to use just a small amount of residue on the 

coverslips. 

(c) Quartz : Any quartz and other silicates that are left after reacting with 
hydrofluoric acid can be swirled away using a large clock glass. 

(d) 
-QIU : Large amounts of clay can be removed by centrifuging with zinc bromide 

(S. G. 2.0), though this may cause very brittle palynomorphs to break and 
therefore was used only with the Dob's Linn and Girvan samples. Paris 

(1981) points out that the techniques using zinc bromide are too harsh to use on 

carbonised material. 

There are two common methods of oxidation, nitric acid and Schulze Solution 

(nitric acid and potassium chlorate). Nitric acid has been used occasionally to 
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allow the removal of excess pyrite, but oxidation is generally unfavoured because 

it can bias the sample in favour of the heavier forms or destroy delicate 

membranes, and a thick dark specimen is better than a thin corroded one (Paris 

1981). Schulze solution is a stronger oxidising agent which is commonly used to 

oxidise amorphous material but has not been used at all in this study. 

Samples with only a little organic residue, are made into strew mounts, and 

then scanned using an ordinary biological microscope. To make a strew mount a 

small volume of the sample is mixed with a few drops of the dispersant 'Cellosize', 

the mixture pipetted onto coverslips and left to dry. The coverslips are inverted 

onto slides onto which 'Petropoxy' has been smeared to act as a mounting medium, 

and heated on a hot plate at 135°C for 10 minutes. Slides are logged at x200, and 

identifications made at x1000, using immersion oil. Interesting specimens are 

referenced using an England Finder Slide. 

Samples that contain a lot of residue (organic and mineral), are separated 

into greater than and less than 60 µm fractions. The latter is made into strew 

mounts as described as above. The greater than 60µm fraction is dried and any 

interesting specimens are picked (using a very fine paint brush). These are then 

mounted onto SEM stubs, coated in gold, and studied using the scanning electron 

microscope. 

Problems encountered mainly stem from the indurated nature of the rocks: 

(a) Maceration can take up to a month 

(b) The high proportion of clay clogs up the 10 µm mesh and makes sieving a 

difficult task. Because of this problem the chemical c odium pyrophosphate (Bates 

et al. 1978) was used to see if it would help suspend the clay. It is generally used 

with modern pollen samples and was not very useful in these samples. It is often 

difficult, when there is such a low yield of specimens, to tell if any method is 

successful at concentrating the palynomorphs, and while this technique may prove 

very useful with more abundant samples, it was not very successful here. 

(c) It would be more advisable to sieve using a 7µm mesh (Cwynar et al. 1979) 

as Dorning (1986) states that up to 30% of acritarchs can be lost by using 10µm 

mesh, however this was attempted and found to take far too long. 
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Preparation of samples for small shelly fossils 

Samples of limestone and calcareous shales from Leny Quarry were dissolved in 

fifteen percent acetic acid and then sieved through a 60µm mesh. The larger 

fraction was then picked and the specimens studied using the scanning electron 

microscope. 

Thin Sections 

Paris (1981) notes that there are many disadvantages in using thin sections to 

identify palynomorphs in that the material is difficult to observe and identify. 

However sections have been studied from some of the Highland Boundary localities 

with very little effect apart from one chitinozoan found in a grit at Leny Quarry. 

Photography. 

All transmitted light photographs were taken on either the Zeiss photomicroscope 

Pol. 2 at Glasgow University or the Reichert microscope at Sheffield University. 

The scanning electron microscope photographs were taken at Glasgow University or 
Britoil in Glasgow. All light microscope photographs were taken using Pan F film, 

and scanning electron microscopes were taken using FP4 film. Colour photographs 

were kindly taken by K. J. Dorning, Pallab Research, Sheffield. Films were 
developed using standard developing techniques. 

Specimens are stored in the Hunterian Museum, Glasgow. 
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CHAPTER 4- The major Palynomorph Groups 

Acritarchs and chitinozoans although classified under different nomenclatural codes 

share the common features of having organic walls (and therefore acid 
insolubility), and small size. They can therefore be extracted from the rock using 
the same techniques. These features together with a wide geographical 
distribution, an independence of facies changes, and many short ranging species 

make them useful in Palaeozoic stratigraphy, (Jenkins 1967). Both forms darken 

as the sediments are heated due to their walls being composed of complex organic 

molecules. 

Problems related to dealing with deformation and diagenetic effects 
As already stated deformation of rock can lead to many problems among 

palynomorphs, the least of which is parallel splits on the surface of the fossil, 

particularly in chitinozoans, in a plane that represents the original cleavage of the 

rock (Jenkins 1967). Other common problems of intensely heated sediments are 
felting, destruction of the ornament and growth of new minerals making ornament 
difficult to discern. Downie et al. (1971, p. 3) deal comprehensively with all 
these features. 

Most of the palynological problems relate to reasonably high grade 
deformation. However even the palynomorphs from rocks that have been affected 

only by diagenesis may have been subject to a slight change in colour. They may be 

pale yellow in colour (e. g. at Girvan), showing that they have been only gently 
heated, dark brown to grey when raised to a temperature of about 200°C e. g. at 
Dob's Linn (Whelan and Burton 1988), or completely black when heated above this 

(Highland Border Complex). The relative colour and transparency depends to some 

extent on wall thickness and composition, and chitinozoans are usually initially 

darker than the acritarchs due to their different chemistry. Eventually the 

specimens are recrystallised to graphite, containing as much as 98.6% carbon 
(Downie et al. 1971 p. 3). Organic-walled microfossils may suffer some 

shrinkage when heated and will eventually be destroyed above about 400°C. 
Specimens are often folded during compaction and dewatering of their host 

sediments, and the spines and processes may be broken if the fossil has been 

carbonised. Distortion of fossils does not appear to be a very important when it 

comes to identifying specimens, although it may make the general silhouette 

74 



difficult to determine. Burmann (1969) shows that cracks begin with fine 
a 

fractures usually relied to the stre55 direction. The random growth of pyrite 

crystals may distort the shape of the palynomorph and often obscures fine detail. 

Reworking and Contamination 

During this study every effort has been made to prevent contamination, and 

additionally due to the sparsity of specimens in the present samples it is unlikely 

that contamination between samples will be important. Modern day contamination 
is far more likely, and fresh water diatoms, and modern pollen have been found in 

several of the samples. It is known that samples that have been collected near fresh 

water often contain amoebal cysts, and fragments of spiders' jaws (K. J. Dorning and 

C. Hunt pers. comm. ). 

Reworking has not been significantly observed in these samples although 
Turner (1982) catalogued thirty seven species of reworked acritarchs and it 

cannot be ruled out that reworking has occurred. 

Chitinozoans 

The hollow, flask-shaped chitinozoans were first found by Eisenack at the end of 

the nineteen-twenties (Eisenack1930,1931) and have a stratigraphical range 
from Ordovician (Tremadoc) to Devonian. They have an uncertain systematic 

position, although it seems most likely that they are the egg cases of annelid worms 
(Kozlowski 1963). They have a world-wide distribution, and occur in greatest 

numbers in shallow water sediments. Many species are short ranging, as they 

evolve rapidly (Jenkins 1968) and therefore this group is biostratigraphically 

useful. The test forms only a small part of the postulated life cycle (Jenkins 

1968). They range in length from about 60µm to 2000µm. Chitinozoans can be 

grouped into about 50 genera containing approximately 450 species. 

Morphology 

The main morphological terms for the test are shown in Figure 20. Where the 

structure of the test wall is known it appears to be triple walled and composed of 
the variously developed periderm which forms the ornamentation (hairs, 

tubercles, spines etc. which may be randomly dispersed or aligned e. g. 
Hercochitina ) of the test (Paris 1981), the inner ectoderm which forms the 

microstructure (similar to graptolites (Paris 1981), and the endoderm which 
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forms the internal structures such as the prosome, operculum (Figure 21). Most 

show radial symmetry about a central longitudinal axis (Jenkins 1968). The body 

communicates with the exterior by means of a 'mouth', which is closed with either 

an operculum (in the case of forms without a neck, e. g. Desmochitina ) which may 

be smooth or micro-ornamented, or in species with a neck (or oral tube), a 

prosome (a long internally directed annular tube), which apparently played a 

protective role (Jansonius 1970), as both the operculum and the prosome appear 

to have been hermetically sealed (Paris 1981). In certain cases the neck is flared 

at the end to form a collarette. A concavity at the base of the neck is termed the 

flexure, and the body terminated orally by means of a shoulder (Paris 1981). The 

ornament may have been related to reproduction or to facilitate flotation 

(Jansonius 1970). 

The base of the chitinozoan is very important in taxonomy, and variations in 

the shape and ornament are shown in Figure 22. Chitinozoans occur most often as 

as single entities, more rarely as chains, or very exceptionally in cocoons 

surrounded by an organic pellicle (Jenkins 1968). Most single chitinozoans 

appear to be at the same point of development and Jenkins (1968) suggests that it 

is possible that they were not released as single tests until they were mature. 
Taugourdeau and Magloire (1964) and Jansonius (1964) support the idea that 

chitinozoans budded orally or aborally whilst Paris (1981) thinks that a more 

accurate idea would be that each new cell is generated from a 'gonad' at the aboral 

end of the chain and then grows. Embryonic individuals presumably did not contain 

enough 'chitin' to allow for fossilisation, though small transparent forms with 

embryonic lids are found which may be early stages (Paris 1981). Paris (1981) 

divides chains into several different types, which cover the different modes of 

attachment : simple juxtaposition, simple adherance, double adherance, reinforced 
fixing, neck-body 'hugging', cocoons, and 'planarian' colonies. The ornament and 

the outline or silhouette of the chitinozoan are both very important in taxonomy, 

and the main silhouettes are shown in Figure 23. 

Most tests will have been distorted to some extent, particularly the ones 
from the Highland Border Complex, and this compression, along with other 
diagenetic changes must be taken into account when studying chitinozoans 
(Jansonius and Jenkins 1978). Paris (1981) discusses the formation of pyrite on 

chitinozoan tests (which is common on both acritarchs and chitinozoans in this 
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Figure 23 : variety of silhouettes of chitinozoans (after Combaz et a!. 1967). 
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work), and infilling by bitumen but remarks that they have no importance in the 

diagnoses. 

Nature of the test 

The material of which the walls of the chitinozoans is composed has for a long time 

been a subject of speculation, but it is completely acid insoluble even when heated 

(Eisenack 1931), and therefore it is likely that it is some organic compound. 

Various theories to its nature have been advanced over the years which fall into two 

groups, chitin or pseudochitin. Modern chitin is affected by caustic soda if it has 

% already been hydrolysed by heating with hydrochloric or sulphuric acids, and as 

these substances have no affect on chitinozoans they cannot be composed of chitin 
ah 

(Collinson and Swalb 1955) although Eisenack (1931) suggested that the test 

could be composed of chitin which is stabilised by an anhydrous structure that 
c 

resists hydration. Collinson and SAwalb (1955) concluded that the chitinozoan test 

is similar to the Recent Thecamoebaea testacean Gromia oviformis considered to 

be pse0ochitinous and suggests that the chitinozoan test is also pseudochitinous. 

Voss-Foucart and Jeuniaux (1972) chemically analysed 8000 specimens of 

Cyatochitina campanulaeformis (sic), from an Ordovician boulder in Warsaw, 

and they found that the chitinozoans do not contain chitin, although they state that 

this does not mean that the body wall of original chitinozoans did not contain chitin. 

Laufeld (1967) advises great caution and suggests that the test wall of chitinozoans 

be termed "chitin" for convenience sake, as psedochitin suggests a proteinaceous 

polymer. It is apparent that the composition of the chitinozoan test wall is still an 

unknown compound, but with more sophisticated analytical techniques this 

problem may one day be resolved. 

Affinities of the chitinozoans 

Chitinozoans are widely distributed in marine sediments and are found with many 

other groups, such as acritarchs, graptolites and scolecodonts. Their affinity has 

been much debated over the years, and many hypothoses have been proposed. Riding 

(1981) discusses the postulated affinities for the chitinozoans. 

Among the Protozoans, the chitinozoans have been allied to various groups. 
One of the first affinities postulated was to the testaceans (Eisenack 1931, 

cr. Collinson and Sývalb 1955), however the two groups have a disparate chemistry 
d^ 

and testaceans are commonly lacustrine. Collinson and Swalb (1955) compare 
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chitinozoans to the testacean Gromia oviformis but Hedley (1963) disputes this 

comparison. Foraminiferans are comparable in size and Eisenack (1931) 

compares the chitinozoans to pseudochitinous tubular foraminiferans. Tintinnids 

(Deflandre 1945, Reid and John 1978) are ciliate protozoans with a similar 

morphology to the chitinozoans although they have a non-comparable chemistry. 

Flagellates/Rhizopods ( Collinson and Swalb 1955) are both groups of marine 

flagellate protozoans which are superficially similar to chitinozoans, but not 

enough to suggest a definite affinity. Staplin (1961) hypothesised on a comparison 

between chrysomonads and chitinozoans, and in 1973 Obut suggested a close alinity 

of the chitinozoans and the dinoflagellates. Paris (1981) remarks on the 

similarity between acritarchs and chitinozoans, e. g. Lt itania lusitanicum 

Elaouad-Dabbaj 1978 and Eisenackitina Jansonius 1964. Wrona (1980) shows 

the similarity between Aremoricanium Deunff 1955 and certain chitinozoans. 

These similarities however appear to be merely coincidental and Paris (1981) 

states that there are two major differences between the two groups 

(a) Communication between the appendages and the central cavity. Modern studies 

using the scanning electron microscope show the appendages of chitinozoans do not 

communicate with the centre of the vesicle (Paris (1981) although one case was 

reported by Combaz and Poumot (1962) (although this was using ordinary 

transmitted light), whereas those of acritarchs often do. 

(b) Chitinozoans have never been found in brackish environments, whereas 

acritarchs have been (Paris 1981). 

Acritarchs are also generally smaller in size, thinner walled and of more variable 

morphology. With the exception of the testaceans and the tintinnids which have a 

non-comparable chemistry, all the protozoan hypotheses are possible, however, 

Riding (1981) notes that the chitinozoans ability to form chains, and their 

absence of excretory pores suggests that they would not have been able to live in 

the free state, and thus biases the affinities of the chitinozoans towards the 

metazoans. 
Suggested affinities to metazoan groups include the gonothecae of hydrozoans 

(coelenterates) (Glaessner 1948), although these are not found in chains, have a 

very limited morphological range, and are larger than most chitinozoans. Jenkins 

(1968) suggested that the chitinozoans occur commonly with graptolites and that 
they might be their early larval or pre-prosicular stage, however Paris (1981) 

discusses in detail this theory and along with Laufeld (1974) notes that the 

ranges of graptolites and chitinozoans are sufficiently different to prevent there 
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being a relationship. Grahn and Afzelius (1980) suggested that the chitinozoans 

could have been fish eggs and Kozlowski (1963 ) noting that the cocoons of 

Desmochitina were hermetically sealed proposed that they were the eggs of 

annelid worms or gastropods. Eisenack (1968b), Jenkins (1970) and Laufeld 

(1974) believe that this is the most likely hypothesis for the affinities of the 

chitinozoans. 
Locquin (1977) suggested that the chitinozoans are allied to the fungi, 

though general chemistry and morphology suggest that they are more related to 

animals than to plants. Paris (1981) notes that the forms of fungi that the 

chitinozoans are suggested to have affinities with, are usually forms that are 

parasitic on terrestrial plants, and would thus make it unlikely that they are 

related to the chitinozoans. 

It is most likely that the chitinozoans are the eggs or egg-cases of some 

metazoan, although the animals which produced the eggs may never have been 

fossilised. This is generally taken as the consensus today, but is not as yet 

undeniably proven (Riding 1981). Paris (1981) discusses the convergent 

evolution of the eggs of various groups of metazoans to show the similarity between 

them and chitinozoans, but notes that the chitinozoans that are heavily ornamented 

seem to have no parallels. It is therefore possible that they are a polyphyletic 

group. The macrofossils that were living at the same time as the chitinozoans with 

the most similar ranges are the cornulitids, tentaculitids, certain orthoconic 

cephalopods, and possibly soft-bodied organisms that have left no trace in the fossil 

record. Paris (1981) suggests that the latter provide the best possiblity although 

it may never be possible to prove this. 

Reasons for the disappearance of the chitinozoans in the fossil record include 

the possibility that the group of animals that produced them, instead of becoming 

extinct at the end of the Devonian, may have changed their mode of life, and thus had 

a different method of reproduction, although Paris (1981) suggests that it is more 
likely that they were the reproductive products of a group of vermiform 

organisms which became extinct in the Devonian. Laufeld (1974) stated that the 

appendices and spines of several taxa suggest that they were eggs of some sort of 

metazoan, and where the chains are coiled may have been laid by a spirally coiled 

animal, and thus assumes that the chitinozoans are polyphyletic, possible related to 

both polychaetes and gastropods. 
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Taxonomy of the chitinozoans 

Generic and specific characteristics have normally been determined using the 

silhouette which facilitates work on poorly preserved material. However recent 

advances in scanning electron microscopes and infrared filter techniques has 

allowed more work on the surface ornamentation and oral characteristics to be 

carried out. It is preferable if both light and scanning electron microscope is used 
in the identification of specimens. Often this is not possible, for example at Dob's 

Linn there is too much organic residue to enable the chitinozoans to be picked, and 

the material from the Highland Border Complex is too sparse. However at Girvan, 
% specimens of the same species are often encountered in strew mounts and in the 

larger fraction. 

The general shape, the nature of the. basal margin, the tendancy to occur in 

chains and internal features where they can be seen are the most important 

generic features (Jenkins 1968), and thus variously dependent on the 

preservation. Species are classified on distribution of ornament, the shape of the 

aperture and collarette, the size and shape of the basal margin and processes, 

minor differences in the test shape, and differences in size. 

Various suprageneric classifications have been specified by Eisenack (1931), van 
Oyen and Calandra (1963), Jansonius (1964), Tappan (1966) and Taugourdeau 

(1966), although Bockelie (1978) expresses her doubt as to the validity of most 

of the classifications. Jenkins (1967) uses Eisenack's (1931) classification on 

the grounds that Jansonius' (1964) classification is hard to follow as it uses the 

structure of the test wall and the prosome which are generally hard to see. Jenkins 

(1968) remarks that it is not really necessary to impose a classification composed 

of families onto a group of animals whose affinities and relationships to each other 

are so poorly known, particularly when there is such a small number of genera. 
Specimens will be listed alphabetically here as the generally poor preservation of 

most of the specimens allows no addition to be made to any phylogenetic 

suprageneric classification. 

Palaeoecology 

Chitinozoans have been found in most types of marine sediments including 

siltstones and sandstones, although they are not present in reef limestones, 

pyroclastic rocks, and red beds (Grahn 1981). Opinion appears to be divided as to 
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whether they were facies controlled or not, although it is generally agreed that a 
basin with a supply of fine terrigenous clastics provided the most favourable 

environment. Laufeld (1974) states that the chitinozoans distribution on bedding 

planes shows that they could not have been infaunal. We therefore know that the 

chitinozoans were epifaunal and they (and the animals that produced them) were 

marine, but it is difficult to make more specific palaeoecological statements 

without introducing a number of assumptions. 

There appears to be little agreement on whether chitinozoans were 

planktonic or benthonic. Jenkins (1968) states that they were independent of 

minor facies changes, and occur in calcareous and non- calcareous lithologies and 

thus favours a planktonic mode of life. Laufeld (1967) supports this hypothosis 

due to the chitinozoans wide geographic range, facies independence, and the possible 

use of spines as floatation aids. Clathrochitina may have contained air sacs in its 

reticulate carina (Laufeid 1967). Kozlowski (1963) is in favour of a benthonic 

mode of life, and sites thickness of test and the possibility that the aboral pore may 
have been attached to the sea bed, though this need not be so. They may have fixed 

onto seaweed and thus made the chitinozoans epipelagic (Laufeld 1967). Doming 

(1987) states that most chitinozoans were benthic. Jenkins (1967) is of the 

opinion that the chitinozoans were initially benthic and attached to the substrate 

and later planktonic. Laufeld (1974) suggests that some forms were planktonic, 

e. g. forms with spines or appendices, and other forms such as the large, thick 

walled Conochitina species were benthonic. 

It would appear that either there are both benthonic (e. g. thick walled 
tests) and planktonic species (ornate thin forms with complex ornament (Chaiffetz 

1972) or that some part of the life cycle was planktonic. Rapid dispersal across 
North America, Europe and North Africa would favour a planktonic environment 
for this part of the life-cycle (Riding 1981). Different species reach their 

maximum abundances in different types of rocks and this would suggest a 

preference for different types of sediments and that the chitinozoans were 
benthonic, though this would seem to contradict their worldwide distribution 

(Grahn 1981), and lack of provincialism (Paris 1981). Urban and Kline (1970) 

show a facies controlled assemblage in the Middle Devonian of the U. S. A., although 
Jenkins (1968) attempts to rationalise this by showing that most groups of fossils 

are facies dependent to some extent, and chitinozoans appear to be less affected by 
facies control than many of the other groups. 

85 



Paris (1981) discusses the different environments in which chitinozoans 

are found, and shows a low diversity in arenaceous sediments with the highest 

diversity and abundances in argillaceous beds. Abundances decrease in deeper ocean 

water, and where there are alternations of calcareous and argillaceous beds the 

latter are generally richer in chitinozoans, although Paris (1981) points out that 

this may either be due to compression of the less competent beds, or to the fact that 

carbonates generally accumulate more quickly. In the outer shelf environment 

there are fewer chitinozoans, as storm wave action prevents their deposition 

(Paris 1981). Taugourdeau and Jekhowsky (1960) and Laufeld (1974) have 

shown that the abundance of chitinozoans is inversely proportional to sediment 

size. 

Both Jenkins (1970) and Wright (1978) consider the relationships 

between sedimentary environment and abundance. Laufeld (1967) invokes 

turbulence and oxygenation of waters to explain the absence of chitinozoans in 

some reefal samples. Laufeld (1974) shows an inverse relationship between the 

percentage of calcium carbonate and the abundance of chitinozoans. Chitinozoans are 

totally absent when the proportion of calcium carbonate is greater than 90%. 

There is also an increase in the abundance of chitinozoans away from the reef 

environment, (Laufeld 1974)which is verified among the acritarchs by the work 

of Staplin (1961). Jenkins (1970b) shows the absence in pyroclastic sediments, 

and Wright (1978) invokes low salinity as the main cause in the low abundance of 

chitinozoans. Paris (1981) examining a variety of sediments concludes that 

volcanism is unfavourable to chitinozoans as it makes the waters agitated and 
inhospitable, and in glacio-marine sediments he postulates that the absense of 

chitinozoans is due to the low salinity . Care must be taken because the absense of 

chitinozoans may be related to the fact that they lived there and were not preserved 

or that there were not enough nutrients in the water in the first place (Grahn 

1981). Cyathochitina campanulaeformis and Conochitina capitata are mutually 

exclusive (Grahn 1981). Ancyrochitina and Conochitina are almost mutually 

exclusive in the Ordovician-Silurian boundary beds in Sweden, a factor apparently 

related to water depth, as A. ancyrea is more common where there is a higher 

proportion of quartz grains and therefore the water was probably shallower. The 

inverse is true of C. robusta which migrated in with transgressions (Grahn 

1978). Grahn (1978) suggests therefore that C. robusta was benthic, while A. 
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ancyrea was planktonic. Doming (1983) also reports a great variation in 

abundance of Conochitina and Ancyrochitina with great changes in abundance 

(dominance) from one bed to another in, the Welsh Borderlands' wide shelf 

environment. This is explained by there being little or no mixing of assemblages 

(Dorning 1983). 

Cyathochitina byensis and Desmochitina complanata have only ever been 

found in calcarenites (Grahn 1981). Cyathochitina campanulaeformis and C. 

striata prefer soft terrigenous muds and Desmochitina spp. reach their highest 

frequency on skeletal sand bottoms (Grahn 1981). Smaller forms, such as 

Desmochitina, are common in deeper water areas (Dorning 1987) whereas flask 

shaped forms without long spines are common in shallow-water areas (Laufeld 

1974) e. g Sphaerochitina. Cyathochitina may have been attached to the 

substrate (Kozlowski 1963) or to seaweed (Laufeid 1967). Species with shorter, 

more numerous spines are more frequent in inshore shelf areas and species with 
long ornate spines appear to be associated with offshore shelf areas. (Dorning 

1987). This may be analagous to the situation in Mesozoic oceans where 
dinoflagellate cysts with numerous processes appear to be more in common when 

waters were warmer, and so less dense (Davey 1970), although it must be noted 

that the chitinozoans are much larger and their spines may not have had the same 
function. Chains are more common in temperate areas marked by non-calcareous 

sediments than in areas of carbonate deposition (Dorning 1987). 

Chitinozoan abundances are not as high as those shown by the acritarchs and 
it is rare to find concentrations greater than twenty per gram of rock and it is 

usually about zero point two per gram of rock, although Jenkins 1967 has 

recorded as many as one hundred and fifty seven to one hundred and seventy five 

per gram of rock. Taugourdeau and Jekhowsky (1960) submitted two hundred and 

ninety eight samples to statistical tests and the median abundance was found to be 

zero point two per gram of sediment, whereas thirty percent yielded nothing and 
twenty percent contained more than two specimens per gram of rock. Grahn 

(1978) shows that in a section spanning the Ordovician-Silurian boundary in 

southernmost Sweden, there are ten chitinozoans per gram in Silurian samples but 

only two per gram in the Ordovician samples. Chitinozoans are more common in 

the black shales than in the grey mudstones (Grahn 1978). 

Stratigraphical Position of Chitinozoans 

The oldest known chitinozoans are Tremadoc in age, although there have been 
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reports of Cambrian forms, now doubted even though Laufeld (1967) states that 

such an occurrence is not improbable. They became well established by the Arenig 

(Jenkins 1967). In the Lower Ordovician they are large and smooth walled, and the 

trend is for a decrease in size throughout the Ordovician. Arenig chitinozoans often 

have large siphons, but after the lower Llanvirn these began to decrease. The 

carina also appeared in Lower Ordovician rocks, and this feature persisted into the 

upper part of the Ordovician. In the middle to upper Caradoc strongly developed 

ornamentation began to be produced. Appendices appeared in the lower Caradoc and 

discoidal tests were first seen in the latest Llandeilo (Jenkins 1968). These trends 

help us to give a broad age to poorly preserved assemblages even when the 

specimens cannot be identified to species level. Chitinozoans attained their acme in 

the Upper Ordovician where there are the most diverse forms shown by the group, 

and probably made up a larger part of the microbiota than it did before or after 
(Jenkins 1968). By the Silurian and Devonian although the tests were becoming 

smaller in size, they were developing more elaborate processes, (Laufeld 1967). 

By the Upper Devonian the chitinozoans had begun to decline, and there are only 
doubtful records of any Carboniferous or younger forms. 

Blostratigraphy 

Work done on well preserved material in many countries has enabled this present 

work on less well preserved material. Work undertaken by Jenkins (1967) on 

sections with short sampling interval (mixed or uniform lithologies) show that the 

concentration of the chitinozoans may vary greatly but the relative abundance of 

each species (nos/thousand chitinozoans) remains the same and the same species 

are present. Jenkins (1967) states that a common character of chitinozoan 

assemblages is the relatively small number of species that they contain. The 

average number of species in each of thirty one assemblages from Shropshire is 

seven species, the least varied containing only two, the most varied consisting of 
twelve to fourttan species. In the Viola and Fernvale Limestones the diversity 

ranged from four to nine species species, though most of the assemblages had five to 

seven species. Paris (1981) points out that depending on sampling space an 
interval of uncertainty ranging from a few centimetres to a few metres exists 
between the first observation, or disappearance of a taxon and its true appearance, 

or extinction. Only a great deal of research will allow this interval to be reduced. 
With microfossils, bed by bed searching cannot be considered as absolute proof of 
disappearance of a species. Processing more than one sample from a bed may show a 
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taxon considered extinct in preceeding beds. And thus only comprehensive 

processing of well constrained sections can enable us to use chitinozoans (and 

acritarchs) to their full potential. In the Highland Border Complex material, 

samples that are found to contain chitinozoans may yield nothing when reprocessed. 

In areas where the palynomorphs are poorly preserved the 'palynomorph 

assemblages' obtained may thus provide biostratigraphical evidence that is valid 

may be unreproducible without disproportionate effort. 

Acritarchs 
Cl 

Acritarchs arelpolyphyletic group with a stratigraphical range from Precambrian 

to Recent, and a diameter range of 5-500µm with an average of approximately 

15-100µm. Their general morphology suggests an affinity with dinoflagellate 

cysts, and prasinophycean algae, but they may also be ancestral to other groups 

(extant or extinct). There are about 3000 species in 330 genera. A fuller 

treatment of this group can be found in Tappan (1980). 

Morphology 

Evitt (1963) diagnosed the acritarchs as : "Small microfossils of unknown and 

probably varied biological affinities consisting of a central cavity enclosed by a 

wall of single or multiple layers and of chiefly organic composition; symmetry, 

shape, structure, and ornamentation varied; central cavity closed or 

communicating with the exterior by varied means, for example: pores, a slitlike or 

irregular rupture, a circular opening (the pylome). " Later this was extended by 

Downie et al. (1963) : "Unicellular or apparently unicellular microfossils 

consisting of a test composed of organic substances and enclosing a central cavity. 

Shape of the test spherical, ellipsoidal, discoidal, elongate or polygonal; test 

surface smooth, granular, punctate or perforate. Spines or other processes, raised 

ridges (crests), flanges, wings or other outgrowths present or absent; where 

present, distributed regularly or irregularly. Inner capsule present or absent; 

where present, connected to the test by varied means or lacking such connection. 
Shell opens by rupture, splitting or formation of a simple circular pylome. Rarely 

a loose number of tests associated in a chain". 

The main body is termed the vesicle which can as already stated be spherical 

to elliptical, fusiform, flasklike, stellate, pear-shaped etc (Figure 24). There can 
be one or two original walls which may be separate or in contact, and sometimes 
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Figure 24 : Variation in the shape of the vesicle in acritarchs (redrawn from 

Downie 1979) 
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there is secondary development of the walls, e. g. where plugs form at the base of 

processes in general such as Baltisphaeridium (Figure 25) . The ornamentation 

may be in the form of sculpture (<2p. m after Downie (1979) or <5µm after 

Williams (1978) or processes (>2µm after Downie (1979) or >51im after 

Williams (1978). Tappan and Loeblich (1971) distinguish ornament (>1µm) 

from microornament (<1µm). Lister (1970) divided processes into 
oz 

heteromorphic (more than one, of process) or homomorphic (only one type of 

process), this feature is shown in Figure 25. Processes which can number from 

one to several hundred, can be hollow or solid or partially solid and be branched or 

unbranched, and may be spread randomly over the test or concentrated in some 

pattern. The majority of the acritarchs were probably cysts and as such show 

excystment features, some of which are illustrated in Figure 26. 

Classification and affinity of the acritarchs 

Acritarchs have been known since the late nineteenth century (White 1862), 

although much of the early research done on them is taxonomically confusing. 

Some of the acritarchs originally belonged to a group termed hystrichospheres 

(meaning 'spiny ball'), which also contained many species of dinoflagellate cysts. 

These latter were removed from the hystrichospheres and the residue became part 

of the group Acritarcha (Evitt 1963). Eisenack (1931) reviewed the affinities of 

the hystrichospheres and concluded that they were cysts due to their chemical 

nature, morphology and excystment features. Opinion is divided as to whether the 

acritarchs are a polyphyletic or monophyletic algal group. 

Wetzel (1933) adopted a zoological classification for the dinoflagellates and 

some of the acritarchs, considering them to be of uncertain affinity but possibly 

being swayed by the opinion of Lohmann (1904) that they were the eggs of 

planktonic organisms. This classification was later reinforced by various workers 
(see Downie 1973 p. 245). Treating the acritarchs under a zoological 

nomenclature has not generally been accepted and although the acritarchs consist of 

a diverse assemblage of forms they were officially classified under the 

International Code of Botanical Nomenclature by Downie et al. (1961) and have 

generally been treated thus since. Deflandre (1936), Staplin et al. (1965), 

Downie (1967), Tappan (1968), Loeblich (1970) and Tappan and Loeblich 

(1971), consider the acritarchs to be a group containing widely different algal 
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Figure 25 : terminology of acritarch processes (from various sources) 
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classes, while Mädler (1963,1967) and Eisenack (1963a) were of the opinion 

that the hystrichospheres were a homogeneous group, going as far as to erect the 

class Hystrichophyta (Mädler 1963) containing both acritarchs and dinoflagellate 

cysts. 
Downie et al. (1963) reviewed the the position within the acritarchs and 

considered them to be a heterogeneous mixture of cysts, eggs or tests of animals or 

plants but treated under the botanical code. They divided them into 13 non- 
Linnaean subgroups which are informal under the botanical codes of nomenclature, 

although the genera and species that they contain are legal. Timofeyev (1966) 

introduced a similar system. Many of the subgroups first proposed have been 

removed to other groups such as the dinoflagellate cysts and the prasinophycean 

algae, but other subgroups have been proposed, However this was inevitable and was 

the reason that an informal classification was erected in the first place. Eisenack 

(1969) stated the unimportance of whether acritarchs are vegetative individuals 

or resting cysts as this is irrelevant to their classification as they are self 

supporting organisms. Most workers simply now use an alphabetical system for 

listing species. 

Of the original thirteen subgroups, five will be used here, purely as 
descrptive terms. 

(a)' Sphaeromorph acritarchs. 

Acritarchs having a smooth to ellipsoidal shell lacking an inner body. 

Surface granular, smooth, punctate, or perforate, but not otherwise ornamented. 
Without observed opening, with simple circular pylome, or opening by splitting. 
(Downie et aL 1963). 

(b) Acanthomorph acritarchs. 

Acritarchs having a spherical or ellipsoidal test, without an inner body, and 

without crests. Processes isolate, simple or branching, solid or hollow, distributed 

arbitrarily or regularly. Without observed opening or with a simple single 

pylome. 

The present author also includes the diacromorph acritarchs within this 

group, as they are generally spinose forms, although they are differentiated from 

the acanthomorph acritarchs by their polarity. 
(c) Polygonomorph acritarchs. 

Acritarchs having a pronouncedly polygonal test, without an inner body and 

without crests. Processes isolated or fusing at the bases, few in number, normally 

simple, rarely branching [Downie et a!. 1963], The shape is dependent 
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on the number of the processes. 

Donning and Bell(1987) combine the acanthomorph and polygonomorph acritarchs 

as the shape of the body is related to the number of processes, i. e. the more 

processess the more spherical the body will become. These terms are used here in a 

purely descriptive sense and no phylogenetic implication is suggested. 

(c) Herkomorph acritarchs. 

Acritarchs having a spherical to ellipsoidal or subpolygonal test without an 

inner body. Surface of test subdivided by crests into polygonal fields of regular or 

irregular form: surface within these fields smooth, punctate of tuberculate. No 

median girdle present. Rodlike supports or projecting spines present in some at 

crest junctions. No observed opening, or a simple, circular pylome (Downie et al. 

1963). In 1987 Donning further subdivided this group on the basis of the 

excystment features but this is not applicable to this study. 

(d) Netromorph acritarchs. 

Acritarchs having an elongate to fusiform test, without an inner body. 

Surface generally smooth, rarely granular. One or more spines, closed distally, 

may be present at one or both poles. Openings not observed. (Downie et al. 1963). 

(e) Pteromorph acritarchs. 

These are round or ellipsoidal and have a single equatorial flange (Dorning 

and Bell 1987). 

These groupings will be used only as descriptive terminology and the species will 

listed alphabetically, and therefore no suprageneric classification will be implied. 

Tappan (1980) critices the subgroup classification on the basis that lacking rules 

of priority various authors have proposed informal subgroup names and others 

Linnaean families, with botanic endings (aceae) and zoological endings (idae), and 

also the subgroup system has obscured some relationships and separated some 

groups that should be together eg. Micrhystridium and Veryhachium. 

Of the subgroups used here as descriptive terms sphaeromorphs and 

herkomorphs are now considered to belong to the Prasinophyta, and Tasmanites, 

Leiosphaeridia, Cymatiosphaera and Dictyotidium although their affinities 

with the Prasinophyta (Tappan 1980) is acknowledged, will nevertheless be 

treated here as acritarchs. 

The affinities therefore of the acritarchs have become clearer through time 

for some of the genera. For example Cymatiosphaera is now considered to belong 

to the prasinophycean algae. Genera such as Peteinosphaeridium appear also to 
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have close affinities with this group whereas Micr4ystridium may be closer 

related to the dinoflagellate cysts although the evidence is very slender(Downie 

1979). 

Lister (1970) hypothesised that most of the Lower Palaeozoic acritarchs 

were cysts of unarmoured dinoflagellates or unicellular phytoplankton related to 

them. Sarjeant (1970) remarked on the coincidence of the decline of the 

acritarchs and the rise of the dinoflagellate cysts thus suggesting that the 

acritarchs are the dinoflagellates ancestors. This is unlikely due to the large gap 

between the decline of the acritarchs (Carboniferous) and the blossoming of the 

dinoflagellates (Triassic). Wall ultrastructure shows that many of the acritarchs 

such as Baltisphaeridium Goniosphaeridium, and Peteinosphaeridium are more 

related to the Palaeozoic Tasmanites (Prasinophyta or green algae) than the 

Pyrrhophyta (dinoflagellates), due to their radially arranged canals (Jux 1971). 

Kjellström (1968) studied the structure of fossil Tasmanites and 

Leiosphaeridia, and found that they were different, and he suggests that the 

leiospheres should remain in the acritarchs. Ultrastructure studies appear to be 

important for the future of acritarch affinities but at the moment too little is 

known of the wall structure to allow it to be used in classifying and elucidating the 

affinities of the acritarchs (Downie 1973). 

Nature of the test 

Again this is as poorly known for the acritarchs as it is for the chitinozoans. 

Acritarchs were initially thought to be composed of an alteration product of 

cellulose by analogy with the composition of the dinoflagellates when it was thought 

that they were fossilised theca (Tappan 1980). Eisenack (1963) recorded that 

their wall chemistry was distinct from cellulose and described it as a 

macromolecular structure, similar to sporopollenin. When ashed, acritarchs 

leave a residue of silica that may be original or post-mortally absorbed (Eisenack 

1938). Kjellström (1968) showed that the some acritarchs consist of a substance 

consisting of long chains of aliphatic saturated carbohydrates. He compared the 

infra-red microspectra of leiospheres under various conditions and recent spores, 

and shows that there is very 
Ittle difference in their spectra (Kjellström 1968). 

The composition of acritarchs appears to be allied to that of the plants (Tappan 

1980), and indeed most of the acritarchs that have been chemically analysed or 

their ultrastructure studied appear to be closer to the Prasinophyta than the 

Pyrrhophyta. 
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Palaeoecology 

Most acritarchs are from marine or brackish waters. There are recorded 

ocurrences of fresh water forms (Harland and Sarjeant 1970, and Churchill and 

Sarjeant (1963) both from the Holocene of Australia), although these have been 

suggested by Tappan (1980) to be dinoflagellate cysts. However Sarjeant and 

Strachan (1968) described Micrhystridium and Leiosphaeridfa from peats in 

the Pleistocene of Staffordshire. 

The small size of the acritarchs suggests that they are primary producers, 

and"thus would have been very dependent on light. (Tappan 1980). The distribution 

of acritarchs in surface waters appears to be independent of the bottom sediments, 

as the same species are found in different lithologies and therefore they were 

probably planktonic. Jacobson (1979) shows that they are more abundant in 

mudstones and biomicrites, and quite rare in biosparites and siltstones. Darning 

and Bell (1987) show that the percentage of acritarchs decreases with an increase 

in the amount of calcium carbonate in the waters. Smith and Saunders (1970) 

suggest that acritarch preservation is better in the deep open marine sediments and 

therefore depends on energy of deposition. They are probably limited to the photic 

zone and bioturbation seems to be a limiting factor in the amount of preservation, 

as they are destroyed by oxidation. 

Cramer (1969a, 1970a, b, Cramer and Diez 1972) regarded latitudinal 

control as very important in the Silurian, and salinity, light, turbidity, nutrient 

supply, depth and distance from shore as unimportant, and thus set up a certain 

number of zones to correspond to palaeolatitudes, while suggesting that similar 

zones could be found in the Ordovician. Tappan (1980) suggests that local 

palaeoecological factors may be more important. Nautiyal (1974) showed four 

biofacies belts in the Devonian, and Vavrdova (1974) established two zones for the 

Upper Ordovician corresponding to a Baltic and a Mediterranean province. Jacobson 

(1979) found that his Ordovician assemblages from North America mostly fitted 

into the Baltic province. 

Staplin (1961) in a classic work showed that the distribution of acritarchs 

in Devonian reefs could be mapped out. His results showed that there were three 

associations 

(1) sphaeromorph acritarchs alone were found within a mile of the reef. 

(2) At a distance of greater than a mile thin walled acanthomorph acritarchs 
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appear 

(3) At four miles, acanthomorph acritarchs with thick processes and saccate 

forms become common. 

The absolute abundance of all species increased with increasing distance from the 

reefs, suggesting optimum environment in quieter water. This distribution is not 

mirrored by chitinozoans or plant spores (Staplin 1961) 

Wall (1965) working on the Jurassic of Britain observed two microfossil 

groups where there either is a strong domination by a single species (usually 

Micrhystridium or Baltisphaeridium) or where there is no domination by any 

particular species (often with Veryhachium and Lelofusa ). The former is 

related to an inshore environment and the latter to an offshore open sea. 

Jacobson (1979) recognised three marine palaeoenvironments in the Middle 

and Upper Ordovician: a near shore shallow water environment, a shoal 

environment, and an open sea environment, represented by a leiosphaerid class, a 

peteinosphaerid-Dicommopalla class, and a baltisphaerid -veryhachid - 
Polygonium class respectively. Variations in the relative abundances of acritarch 

classes exhibit close similarity to variations in relative abundances of conodonts 

and chitinozoans in the same rocks. 

Doming (1981) shows three different distance-from-shore assemblages. 

(a) Nearshore: Low to moderate abundances (5-15 species per sample). Smooth 

thin walled sphaeromorph acritarchs are most common, but also contains 

Leiosphaeridia, Veryhachium, Micrhystridium, Diexallophasis. 

(b) Offshore shelf: High diversity, moderate abundance 10(25-60)90 species per 

sample. Often 4-8 genera each of 5-29% will make up something like 70-90% of 

total. Veryhachium, Micrhystridium, and Cymatiosphaera are common. 

Lelofusa, Percultisphaera, Ammonidium, and Dateriocradus are less common, 

while Dictyotidium, Carminella, Duvernaysphaera, Solita, and Tunisphaeridium 

are less common still. 

(c) Deep water: low diversity, low to moderate abundance (2-15 species per 

sample). Thick walled sphaeromorphs are common, but Cymatiosphaera, 

Veryhachium, Micrhystridium, Diexallophasis, Lophosphaeridium, and 
Pterospermella are also present. 

Doming (1983) concluded that the following distinctive palynomorph 

assemblages exist: 

(a) Deep water shales - graptolites, abundant low diversity acritarchs with 

moderate numbers of chitinozoa and scolecodonts, and few other marine 
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palynomorphs. 

(b) Turbidites - variable assemblages showing evidence of mixing with some 

palynomorphs derived from adjacent shelf area. 

(c) Narrow shelf areas - of silty mudstone and silty sandstone with a low 

abundance of graptolites and shelly macrofauna contain moderately diverse 

acritarchs, chitinozoans and scolecodonts with occasionally other marine 

palynomorphs. 

(d) wide shelf areas - abundant moderate diversity with shelly macrofossils many 

conodonts and ostracods, contain moderate to high diversity of acritarchs, moderate 

diversity of chitinozoans and scolecodonts some -foraminifera and several other 

palynomorph groups. 

(e) nearshore shelf areas - low diversity high abundance shelly macrofossils, low 

diversity of conodonts and many ostracods, low diversity high abundance 

acritarchs, low diversity of chitinozoans and scolecodonts, with some fish scales 

and eurypterids. 

Thusu (1972) remarked that acanthomorph acritarchs appear to be more 

common in inshore basinal environments, while polygonomorphs and netromorphs 

seemed to prefer the more open sea environment. 

Colbath (1980) recognised two communities: 

(a) Baltisphaeridium dasos containing two species 

(b) Axisphaeridium cylindratum - Dicommopalla macadamii containing nine 

species. 

He related these to water mass boundary fluctuations while recognising that an 

alternative model that assumes random sampling of seasonal changes in 

phytoplankton abundance cannot be excluded (Colbath 1980). However most other 

workers (Dorning 1981,83, Jacobson 1979) suggest that the distribution 

patterns are related to water depth and nutrient supply. The depth of the water may 
be important, as Gray and Boucot (1972) note that distance-from-shore 

assemblages may really be depth controlled. They suggest that sphaeromorph forms 

inhabited surface waters and therefore are common in all assemblages, whereas 

acanthomorph forms lived deeper and therefore are not ubiquitous. 
Individual genera can sometimes be used to suggest the palaeoecological 

conditions in which they lived. For example in the genus Diexallophasis , deeper 

water forms have simple processes and are thin-walled, and faintly granulate, 

while inshore forms are coarsely granulate or echinate. The genusMicrhystridium 

appears to have longer processes in offshore conditions. Multiplicisphaeridium 
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shows its greatest species diversity offshore. The genus Veryhachium exhibits 

species with 3-4 processes on a planar vesicle in an inshore environment and 4- 

6 processes on an inflated vesicle, offshore. Leiosphaeridia appears to be more 

common in high stress conditions which might be related to instability (inshore 

conditions) or low nutrients (offshore conditions). 

Several general assumptions can thus be made about the distribution of 

acritarchs. Single-species populations appear to suggest inshore conditions, 

whereas high diversity suggests off-shore conditions. Reduced processes may be 

indicative of turbulent conditions. During times of transgressions assemblages 

will be more varied, whilst during times of regression the diversity will be 

decreased. Very high and very low salinity appears to be hostile to acritarchs. 

Stratigraphical distribution 

Sphaeromorphs are abundant in the late Precambrian, although by the Lower 

Cambrian short spines, crests, closed base processes and polarity were beginning 

to be developed. The Upper Cambrian shows the beginning of pylome formation, and 
during the Arenig there was a large diversification in the number of species 

particularly of the Baltisphaeridium type (Downie 1973). The Ordovician is the 

time that shows the acme of the acritarchs, and there is a general size increase 

throughout that period. Many common genera decline at the end of the Ordovician 

and are replaced by new genera in the Silurian eg, Domasia. A general decline of 

the acritarchs occurs in the Devonian to very few species in the Carboniferous. In 

the Mesozoic the acritarchs flourished again, particularly in the Jurassic, but not 

to the extent that they did in the Lower Palaeozoic (Downie 1973). 

Acritarchs generally make up between a thousand and ten thousand per gram 

of rock provided that diagenesis, metamorphism or abrasion have not affected them 

(Downie 1973). Downie (1958) reported that acritarchs make up four percent of 

total rock, one hundred thousand per gramme of rock in the Tremadoc rocks in 

England. In Brittany three hundred and twenty thousand to nine hundred thousand 

acritarchs per cubic centimetre have been found in Ordovician rocks, with the 

genera Veryhachium, Micrhystridium and Cymatiosphaera making up most of 
the assemblage (Henry 1969). Acritarchs become very varied in the Silurian and 
Devonian, but into the Upper Palaeozoic spores become a more important part of 
the palynological assemblage and 'flood' the assemblages. 
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Scolecodonts 

These are composed of a similar material to chitinozoans, and are elements of the 

jaw apparatus of annelid worms. The longer stratigraphic range of the scolecodonts 

compared with the chitinozoans suggests that not all Palaeozoic annelid worms 

produced resistant organic egg cases (Dorning 1987). Jenkins (1967) points out 

that the scolecodonts are usually the most resistant of all the microfossils present 

in the samples from the Welsh Borderlands. Dorning (1983) reports that 

scolecodonts can vary in abundance between one and five thousand elements per 

gram, and that their palaeoecological distribution is similar to that of acritarchs 

and chitinozoans in that on a narrow shelf they show moderate diversity, wide shelf 

moderate to high diversity and in a basinal environment they are low to 

moderately diverse. Monospecific chitinozoan assemblages are usually associated 

with asingle set of scolecodonts, and in particular the large thick elements are 

usually associated with Conochitina(Dorning 1983), although Conochitina does 

appear to be the most common chitinozoan particularcy in the Ordovician, and may 

generate pseudo-relationships. 

Spores 

These are the reproductive parts of plants. The earliest confirmed land plant 

spores are from the Soudleyan (Dorning 1987), and they have been reported from 

the Caradoc/Ashgill of N. Africa (Grey et al. 1982). Spores are more abundant in 

near-shore deposits and usually form less than 1% of the total palynomorphs, 

though may be reworked in turbidites increasing their percentages (Dorning 

1983). These spores usually occur in permanent tetrads, which are common in the 

Upper Ordovician, and Lower Silurian but not in the rest of the Silurian. Miospore 

distribution appears to be unrelated to marine palynomorph distribution, but 

assuming that miospores in the Ordovician are produced by vascular land plants, 

then this is reasonable. Smith (1979) states that spores can be more abundant in 

offshore sediments due to being reworked. 

GLOSSARY 
s Below is a list of the more common words that are used in the sytematic 

descriptions of acritarchs and chitinozoans. Various sources are used including 

Combaz et al. (1967), Laufeid (1974), Williams et ah' (1978), Kjellström 

(1971a), and Lister (1970). Descriptions are marked by a (c) for 
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chitinozoans, an (a) for acritarchs, or not marked, meaning in either group. 

Aboral pole re; dring to the closed part of the vesicle opposite the aperture (c). 

Acuminate : pointed distal termination to the processes. 

Annulus :a thickening (c). 

Aperture : the main opening by which the vesicle communicates with the exterior 

(c). 

Basal callus : thickened central part of the base (c). 

Basal edge : the convex part of the vesicle constituting the transition between 
% chamber and base (c). 

Base : the part of the chamber aboraliy of the basal edge (c). 

Bifurcating : split into two. 

Carina : flange at the basal edge (c). 

Chamber : the part of the vesicle between the base and the flexure, or, where the 

latter is lacking, the collar or lip (c). 

Collar : the subcylindrical or orally widened part of the vesicle between the 

aperture and the chamber in forms lacking a collarette (c). 

Collarette : encircles the aperture and often terminates in a fringe of fine 

processes (c). 

Copula : tubular element issueing from the endoderm which allows individuals to 

form chains (c). 

Cryptosuture : surface possessing no visible surface manifestation on the cyst. 

The position of which only becomes obvious when dehiscence has commenced (a). 

Diacrodian : an acritarch showing polarity of the processes (a). 

Distally : in an outward directionfrom the longitudinal axis of the chitinozoan, or 

the centre of the vesicle in acritarchs. 

Echinate provided with long or conspicuous and generally long pointed spines 

(a). 

Ectoderm : external wall layer. 

Epityche : flap-like opening in the vesicle, presumably along a preferred line of 

weakness. Also considered an excystment mechanism (a). 

Equifurcate : homomorphic branching in which two or more branches arise from 

the distal extremity of a process. The branches arise from a single node and are 

more or less equal in length (a). 

Evexate : non-pointed distal termination of the process. 
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Fimbriate : with the margin bordered by long slender processes (c). 

Flange : Membranous expansions of the phragma of the test of an acritarch. 

Flexure : the concave part of the chamber aboral of the flexure in forms with 

subcylindrical flanks (c). 

Fossulate : marked with irregular depressions (a). 

Foveolate : marked with small pitting (a). 

Granulate : with small grains, the basal diameter of which does not exceed the 

height (a). 

Laevigate : smooth unornamented surface, even at high magnification (a). 

Lambda spines (X): spines, the bases of which bifurcate (c). 
% 

Lip : swelling around the aperture of the neckless and collarless vesicles (c). 

Mucron : small process at the base (c). 

Multiramose spines : spines with multiple bases (c). 

Muri : low ridges separating the lumina of an ordinary reticulum (a). 

Neck : the part of the vesicle between the flexure and the lip, or, where the latter 

is lacking the aperture (c). 

Ogival : like a gothic arch (c). 

Operculum : thin disk closing the vesicle at transition between the chamber and 

the collar, or where the latter is lacking, the aperture, or can cover the 

excystment feature in acritarchs. 

Oral pole : referring to the part where the aperture is located (c). 

Oral tube : the neck and the collarette (if present) (c). 

Ornament : sculpture of the vesicle wall. 

Peteinos : veil structure outside the process stem (a). 

Pitchfork spines : spines that bifurcate distally ends in the form of a pitchfork 

(c). 

Poles : where there are two conspicuous extremities (a). 

Pore :a perforation or depression of the outer surface of a wall layer (a). 

Process : excresence of the vesicle formed as an appendage. 

Prosome : plug in the neck (c). 

Proximally : in an inward direction from the longitudinal axis of the chitinozoan, 

or the centre of the vesicle in acritarchs. 

Pseudostome : opening showing a communication of the central cavity with the 

middle of the exterior, situated at the outer end of the individual(c). 

Psilate : smooth (a). 

Pyiome : circular excystment feature (a). 
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Pyriform : test that is broadly triangular and with no neck (c). 

Reticulate : muri arranged into nets. The ridges (muri) are as wide as, or not as 

wide as, the space between them (c). 

Rugulate fine irregularly wrinkled surface (a). 

Scabrate :a surface showing a fine grained roughness (a). 

Shagreenate : surface roughened, granular; appearing like the surface of a 

sharkskin (a). 

Siphon : the outer layer of the wall extends aborally beyond the base as a hollow 

cylindrical or faring open-ended tube (c). 

Striate : marked with fine longitudinal parallel lines (a). 

Test : body of the chitinozoan, including the chamber and the neck (c). 

Thread-like : processes that distally become very thin. 

Tubular expansion : one processes that is larger than the others on the vesicle 

(a). 

Verrucate : wall with warty projections greater than 0.5µm(a). 

Vesicle : name applied to the central body in acritarchs (a). 
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Chapter 5 Systematic Palaeontology 

Order Chitinozoa Eisenack 1931 

Genus Acanthochitina Eisenack 1931 emend Jenkins 1967 

1931 Acanthochitina Eisenack, p. 82. 

1967 Acanthochitina Eisenack emend Jenkins, p. 443. 

Emended diagnosis (Jenkins 1967) : "variable flask-shaped chitinozoans with 

ornament of uniformly distributed processes standing normal to test wall. At a 

uniform distance from the test wall each process divides into a number of arms 

which lie roughly parallel to the test wall. Arms of adjacent processes may unite to 

form a more or less complete, raised reticulum. Basal margin may bear more 

strongly developed processes which can be simple or branching. A membrane may 

unite marginal processes". 

Type species : Acanthochitina barba to Eisenack 1931 emend. Jenkins 1967 

Acanthochitina barbata Eisenack 1931 emend. Jenkins 1967 

(Pl. 1 figs 1-3) 

1931 Acanthochitina barbata Eisenack, p. 82, Pl. 1, figs 10,11. 

1967 Acanthochitina barbata Eisenack, emend. Jenkins, p. 443-445, Pl. 

82, fig. 1-9, Text-fig. 11. 

Emended diagnosis (Jenkins 1967) : "elongate, swollen cylindrical chamber, 

generally greater than two-thirds total length; maximum diameter midway along 

chamber, 35-60% chamber length; base flat or almost so. Neck cylindrical, about 

two-thirds maximum diameter in width. Ornament of many closely spaced short 

processes; arms usually united, forming a fairly complete raised reticulum close 

to the test wall. Processes on basal margin relatively large, connected by a very 

thin translucent membrane". 

Description : an elongated cylindrical test with the maximum diameter about half 

way up the test, and with the width of the aperture half the maximum width. The 
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base is convex, and the basal edge is not well marked. The collarette is thinner than 

the rest of the body and slightly flaring. The aperture is straight but damaged. The 

wall of the chitinozoan is ornamented with complex spines, many of them 

multiramose proximally as well as distally. The ornament is randomly preserved 
in these specimens. 

Material : seven specimens. 

Dimensions : Length : 283(336)390µm 

Maximum width : 110(126)150µm 

Width at aperture : 78(88)100µm 

Length of ornament : <13µm. 
Four specimens measured. 

Occurrence : Shalloch Formation, Woodland Point, Girvan (MV/G/20,27,28). 

Previous occurrence : Fjäcka Shale (upper Caradoc), Dalarna, Sweden (Laufeld 

1967). D. complanatus Zone, Vaureal Formation (Ashgill), Anticosti Island 

(Achab 1977a); base of D. prominens elongatus Zone, Vaureal Formation (Achab 

1978a); Caradoc of Shropshire (Jenkins 1967); Glacial erratics, Baltic, 

(Eisenack 1931,1962b, 1965,1976a, b); upper Caradoc/Ashgill, Baltic 

(NÖlvak 1980); Barren Flags Formation (? D. complanatus Zone, Ashgill), 

Girvan, Scotland (Laufeid 1971); Lower Vaureal Formation (Jansonius 1967); 

Ashgill, Gotland (Grahn 1982a); Ashgill, Morocco (Elaouad"Debbaj 1986); 

Caradoc to Ashgill, Portugal (Paris 1981); upper Caradoc to lower Ashgill 

(Molyneux and Paris 1985). 

Remarks : these. specimensare apparently smaller than Achab's (1 977a) specimens 
but fit, well within the range specified by Laufeld (1967) and Jenkins (1967). 

Genus Ancyrochitina Eisenack 1955 

1955 Ancyrochitina Eisenack, p. 163. 

Original Diagnosis (Eisenack 1955) : "chitinozoans of which the lower part (1/2 
to 1/3 of the total length) is almost cylindrical. The upper part is in the form of a 
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reversed cone, more rarely the form of a sphere. The polar surface is more or less 

flat; rarely lightly hollowed or feebly bulging. The side of the polar surface is 

provided with a relatively restrained number (about 4-10, more commonly 5-8) 

of vigorous processes, commonly long, simple or bifurcating, sometimes also very 

irregular. Dimensions between 0.1 and 0.33mm". [Translation]. 

Type Species: Ancyrochitina ancyrea (Eisenack) Eisenack1955 

Ancyrochitina ancyrea (Eisenack 1931). 
S 

(Pl. 1 figs 4 . 7,9; Pl. 26, fig. 2) 

1931 Conochitina ancyrea Eisenack. p. 88, Pl. 2, fig. 8-11; PI. 4, fig. 4, 

Text-fig. 2. 

1934 Conochitina metancyrea Eisenack, p. 64, Pl. 4, figs 22-25. 

1937 Conochitina protoancyrea Eisenack, p. 224, Pl. 15, fig. 16-20. 

1955 Ancyrochitina ancyrea (Eisenack) Elsenack, p. 163, Pl. 2, figs 7-15; 

Pl. 3, figs 1-3; Pl. 4, figs 1-2. 

Diagnosis (Eisenack 1931) : length 0.14mm. L: W = about 2: 1. This is, in size and 

shape, almost the same as the above species (pistilliformis ) with the distinction 

that the cylindrical and flask-shaped parts (neck and body) join at a significantly 

smaller angle (always under 90°). Likewise the short spines on the neck are as 

deficient as those on the body. On the other hand there are occasionally some longer 

spines on the neck (perhaps 1-3), mostly near the opening. The opening is often 

expanded outwards. The striking characteristics are, however, six long, hooked 

spines, springing from the base of the body, they are of a similar size, regularly 

distributed and for the most part start out crooked at their bases. At their ends 

these apophyses are almost regularly pronged in two enrolled points, the latter 

being able to be further divided in the same way. These processes strongly remind 

one of the holdfasts of Cristatella mucedo Cuv. In a few cases these dichotomous 

branching points are absent and the process is perhaps similar in form to a 

stagshorn (Eisenack 1931, Text-fig. 2)". [Translation] 

Description :a chitinozoan showing a triangular, conical, or spherical chamber and 

a well differentiated cylindrical neck, generally about half the maximum length, 
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and half the maximum width of the test. There is a marked flexure but shoulders 

are weak or absent. The maximum width is along the base which is convex with an 

angular basal edge. The aperture is straight, and usually simple although in some 

specimens in SU/DV41 a reticulation is seen along the edge of the aperture. There 

are usually two or three, rarely more, branching appendices commonly with 

secondary but more rarely with tertiary bifurcations. The appendices vary in 

length between 11 and 37µm. The test is apparently smooth in between the 

appendices. 

Material : twenty five specimens 

Dimensions : Length 80(119)185µm 

Length of chamber 48(63)75µm 

Diameter 55(76)85µm 

Diameter of neck (24(34) 45µm 

Ten specimens measured. 

Occurrence : G. persculptus and P. acuminatus Zones, Main Cliff, Dob's Linn 

(SU/DU 41,48,50,52,53,54,55,56). 

Previous' occurrence : upper Ashgill to Lower Llandovery, Skäne, Sweden (Grahn 

1978); Ashgill of Anti-Atlas, Morocco, (Elaouad-Debbaj 1984); Ashgill, 

Gotland (Grahn 1982a); upper Ordovician, Sylen Formation, Finland (Tynni 

1975); upper Llandovery to upper Ludlow, Gotland (Laufeid 1971); upper 

Llandovery to upper Ludlow, Gotland (Laufeid 1974); Restevo Beds (Wenlock), 

Podolia (Laufeid 1971)ppper Wenlock to Ludlow, Portugal (Paris 1981); 

Llandovery-Wenlock, USA (Grahn 1985); Pridoli, Gotland (Eisenack 

1955a, 1970); Gotlandian- Devonian, Sahara (Taugourdeau and Jekhowsky 

1960); Silurian, Gotland (Eisenack 1964); Silurian and Devonian, Normandy 

(Rauscher 1974); Lower Silurian, Normandy (Rauscher and Doubinger 1967); 

Wenlock-Ludlow, Gotland (Taugourdeau 1966a). 

Remarks : this species is very similar to Ancyrochitina merga Jenkins 1970 and 

A. longispina Achab 1978. It is differentiated by having shorter processes than 

A. longispina (the processes of A. longispina are commonly longer than 30µm) 

and in having more ramifying processes and a generally more conical body than A 
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merga, though this latter feature may be a product of compression. The spines in 

A. merga appear to be Y or T shaped and rarely show more than secondary 
branching. Preservation and compression play an important part in this species, 

altering the shape of the body and the number of branches on the processes. In the 

present study a few specimens were found that had processes longer than 30µm, 

but in other ways do not differ from the specimens with shorter processes and thus 

are included in Ancyrochitina ancyrea. 

Laufeld (1974) discusses A. ancyrea restricting it to specimens that do 

not have antler-like branching and concluding that it should be conserved as a 

characteristic Silurian form. Elaouad-Debbaj (1984) uses A. gr. ancyrea 
(Eisenack 1931) in the same sense as Laufeld (1974) for forms with a variable 

silhouette, short or long appendices, which may or may not be ornamented. 
Elaouad-Debbaj (1984) also restricts Ancyrochitina merga Jenkins, removing 

several of the specimens to Plectochitina Cramer 1964 (one of which is the 

holotype) because of the basally bifurcating processes. In the original diagnosis 

Jenkins (1970) states that there are eight to twenty-four appendices, although 

some of his figured specimens have only two appendices. Elaouad-Debbaj (1984) 

describes A. merga as having about ten appendices but figured specimens show 

only four. There appears to be very little to distinguish specimens of A. merga 

with only a few processes from A. ancyrea . It is possible that the specimens of A. 

merga that Elaouad-Debbaj (1984) has not transferred to Plectochitina are 

synonomous with A. ancyrea, however the process terminations do differ and A. 

merga appears to have typically Y- or T-shaped branching processes, rarely to 

more than first order. 

Taking all things into consideration it appears to be most sensible to put 

all the specimens into A. ancyrea at the present time, but with the proviso that 

some of them may be moved to A. merga at a later date. 

? Ancyrochitina corniculans Jenkins 1969 

(Pl. 1 fig. 8) 

19 69 Ancyrochitina corniculans Jenkins, p. 8-9, Pl. 1, figs 1-6; Text-fig. 3 

Diagnosis (Jenkins 1969) : "small cylindroconical test. Chamber length equal to 

or slightly greater than oral tube length; maximum diameter approximately equal 
to chamber length; base flat or slightly convex, margin bluntly rounded. Generally 
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four to six simple or dichotomously branching appendices with pointed or bluntly 

rounded tips, up to one-third of the maximum diameter in length; rarely 

branching more than one order of branching. Oral tube cylindrical or slightly 

flaring for most of its length, about half maximum diameter in width (more 

strongly flaring near aperture). Aperture up to two-thirds maximum diameter in 

width, bearing few short (about 1µm in length) spines or cones. Ornament of 

simple spines and, infrequently, ir- spines distributed thinly over the test, absent 

on base and basal margin". 

Description : chitinozoan with a conical body and a reasonably well differentiated 

neck and body. The neck has convex sides and is about a third of the maximum 

length. The aperture is straight and serrate. The base is straight, and the basal edge 

angular with two appendices developed at one side. The maximum width is developed 

at the base and the neck is about half the maximum width. 

Material : one specimen. 

Dimensions : Length 160µm 

Length of chamber 100µm 

Diameter 11Oµm 

Diameter of neck 66µm 

Length of spines 14µm. 

Occurrence : P. acuminatus Zone Main Cliff, Dob's Linn (SU/DLJ57). 

Previous occurrence : Viola and Fernvale Limestones (Caradoc, Ashgill), Oklahoma 

(Jenkins 1969) 

Remarks : this specimen is not very well preserved, and only two appendages are 

visible, although there appears to be no ornament on the vesicle. The general 

overall shape is reminiscent of this species, but it is not confidently assigned. 
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Ancyrochitina sp A 

(PI. 1 fig. 11) 

Description : cylindroconical body with a weak shoulder. The aperture is straight 

and slightly thinner than the rest of the body. There is no surface ornamentation 

but two broken appendages can be seen at the base, which is convex with a well 

developed basal edge. The widest part of the test is just above the basal edge. 

Material : one specimen. 

Dimensions : Length : 178µm 

basal width : 105µm 

apertural width : 68µm. 

Occurrence : G. persculptus Zone Main Cliff, Dob's Linn. (SU/DV50). 

Remarks : this species is similar to Ancyrochitina sp. illustrated by Miller and 

Eames (1982), from the lower Llandovery Medina Formation although the present 

species is shorter, and is wider along the base and the aperture. 

Ancyrochitina sp. B 

(PI. 1 fig. 10) 

Description : cylindro-conical chitinozoan with a cylindrical neck that passes with 

a very weak flexure into the conical body, which has about 6 wide conical blunt 

appendices around the basal edge. The maximum width of the body is developed along 

the basal margin, above a weakly convex base. The appendices are broad based and 

blunt tipped. There is no ornamentation of the test wall. 

Material : one specimen. 

Dimensions : Maximum length 114µm 

Maximum width 81µm 

Appendices; length 19µm 

width 12µm. 
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Occurrence : Shalloch Formation, Woodland Point, Girvan (MV/G/21). 

Genus Angochitina Eisenack 1931 

1931 Angochitina Eisenack, p. 82 

Diagnosis : (Eisenack 1931) "cuticle with spines". [Translation]. 

Type species : Angochitina echinata Eisenack 1931. 

Remarks : Taugourdeau of al. (1967) summarise the major features of this 

genus: - "subspherical body, passage to the neck very progressive, neck a little 

longer than the chamber, possesses a collarette that is slightly larger and thinner 

than spiny walls". They continue to say that "the spines are often found on the 

chamber, are often simple, curved, more rare and shorter towards the 

pseudostome. The neck is often devoid of spines. In the lower part of the chamber 

the spines are lightly curved towards the base, in the upper part they are curved 

the other way". [Translation]. 

Angochitina woodlandensis n. sp. 

(PI. 2, figs 1(holotype), 2-3; PI. 26, fig. 9 (holotype)) Figure 27) 

Type locality : grey shale, 100m below the exposed top of the Shalloch Formation, 

Woodland Point, Girvan, Strathclyde, Scotland, [NX 21745954]. 

Holotype : MV/G/23 (1) England Finder Reference G26/2; Pl. 2, fig. 1; Pl. 26, 

fig. 9; stored in the Hunterian Museum, University of Glasgow; specimen number 

x1272. 

Diagnosis :a chitinozoan with a spherical to ovoid chamber, and a cylindrical neck, 

sometimes with a flaring collarette. The base is convex and the basal edge poorly 
developed. The flexure is well developed and the shoulder is poor. The chamber is 

ornamented with spines that are for the most part simple, and long. 
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