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PREFACE

This thesis is a continuation of the work
commenced at the University of Menchester which led
to an M.Sc, thesis being presented to that University
in May 1955 on "The Calcareous Algae of Woolhope and
Wenlock Limestones from certain localities in the
Welsh Borderland." For the present thesis, the result
of work carried out whilst at the University College
of North Wales, the original investigation has been
much extended in all directions and details of which

are given in the Introduction.
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SUMMARY

A general survey of the calcareous algae of the
Silurian of the Welsh Border has been undertaken. The
genera discovered during this investigation, and. so ﬁnder
consideration, are those of Girvanella, Rothpletzella,
Solenopora and Rhabdoporella. Systematic descriptions
are given for each, and their variation shown.

Girvanella has been subdivided here into form-species,
mostly new types, on the basis of character differences,
combined with chronological, geographical and ecological
fgctors. 3Both species of Rothpletzella together with a

fine-tubed form and three species of Solenopora gre recorded.

Only one species of Solenopora was originally known from
this area and a second Just outside, Rhabdoporella has
been obtained from the Wenlockian, but was only previously
recorded from the Llandovery of Meifod.

The lateral and vertical distridbution of each alga has
been studied and as far as possible quantitative methods
have also been used. These investigations have been in
relation to the limestone facies and essociated fauna, It
is shown that algae, especially the filamentous forms, are
much more abundant and are far more widespread than has been
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previously recorded., In some ingstances, their distribution
appears to change less according to horizon level than to
differences of limestone facies but others still appear to
be of stratigraphical value. The abundant distridbution of
Solenopora and Rothpletzella speocies 1s mostly correlated
with reef or reef-like conditions which existed during most
of the limestone formation periods, but the distridution of
the other genera is not thus correlated., The apparent
preferences for different types of conditions by the various

algae are indicated, and comparisons are made with the

ecology of present day reefs,



INTRODUCTION

One of the main purposes of this investigation was to
ascertain the calcareous algal types pi'eseht in the
Silurian limestones of the Welsh Border. It was hoped,
that from a study of thelr fossil remains, their structures,
vegetative and reproductive, might be further elucidated.
The distribution and occurrence of the algae found could
then be used to determine their geograprhical and *.
chronological occurrence, hence any stratigi'aphical or
ecological signifiocance. Any ecological variations could
be further partially established by the algal-faunal
associations and the relationship, if any, between differing -
algae and their faunal associates to the sediments.

As the genus Girvanella was known to be present fairly
abundantly in these Silurian limestones, from the
preliminary investigations recorded in an M.Sc, thesis
(University of Manchester), another aim was to make a
systematic study of the forms present so as to be able to
find if any subdivisions were possible, in preference to

Se
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regarding all as forms of the Ordovician type, G.problematica,



or 10 retaining all specimens obtained as unclassified at
generic level.

During the whole of the investigation, many localitiass
were ﬂsited. and spsoimens 6ollected from the Silurian
limestones from Wenlock Edge (Shropshire) in the north to
MayHil1ll (Glos.) to the south, The west-east limits were
approximately demarked by 0ld Radnor (Rednorshire) and
Dudley (Worcestershire). Some of these localities were
éhosen because 0f contrasting types of sediment present
both bedded and unbedded and others just to make the contrasts
over a wider area, A few localities were investigated
because of known previous algal records. These were in the
Woolhope limestones, 0ld Radnor and Nash Scar (Heref ardshire)
which Garwood and Goodyear (1918) described chiefly as algal
limestones: also Woolhope where Gerwood (1931) had found an
undesoribed Solenopora specimen., For the Wenlock ILimestone,
the only specific records of algae are at Dudley (Chapman
1907 and Crosfield and Johnston 1914) and Purley (W.Malverns)
and May Hill (Wethered 1893)., Several authors indicated the
presence of algal limestones (no details), as opposed to the
other crinoidal, bra.chiopoc:iﬁl and other facies in Wenlock
Edge, and have also stated beliefs that it seemed probable



that masses of algae were engaged together fith corals

and stromatoporoids in the building of the Ballstones (Hi11
et al 193;, Whittard 1952). Iikewise, the Crogballs of
Dudley were the result of algal decomposition. There have
Been no pubiished algal records for this aréa froﬁ the
Aymestry Limestone. Algae have also been recorded by
Whittard in 1944 from the Tortwarth inlier further south

and not investigated here,
The field relationships between different facies of

limestone were examined in greatest detail along the lengths
of Wenlock Edge where limited lateral and vertical changes
were partially established. OStratigraphical sequencéé for
the other localities were taken from Butler (1939 Dudley)
and Garwood and Goodyear (1918 Old Radnor and Nash Scar),i
Jawson (1956 MayHill) end Gardiner (1927) and Pocook (19:;':0,
Woolhope Inlier). ‘

As only Solenopora of the algae invesiigated was
visible in tﬁe field, aiJart from rare growth forms, and even
it was liable to be confused with other orgaﬁio structures,
especially stromatoporoids, thin sections were made and
examined from the chief rock types of each locality. It
was soon found that the algae were far more abundant in these

localities than had previously been assumed: any of them

S,



were liable to be found in any suitable limestone facies.

Although this investigation was commenced in the
University of Manchester and led to an M.Sc. thesis being
presented on the "Calcareous Algae from the Woolhope and
Wenlock Limestones from selected localities in:the Welsh
Bordex'} the work on these limestones has been much extended,
and the Aymestry Timestone and calcareous facies of the
Upper Ludlow also included. Further details have also
been discovered froam thosse earlier localities, so that the
whole bas been rewritten, both greatly modified and
amplified and, as with the section on Girvanella, has
undergone a complete change with the addition of species
descriptions. Also completely new sections have been
added, for example the Dasycladaceas and generel distribution
surveys.

Thus,,the reviews of previous literature have been
alteréd and mach enlarged and hence there is now a more
comprehensive bibliography. The section on the materials
and methods is far more detailéd on the methods of
examination etc. and the systematic descriptions of each
group include quantitative methods for separation into
species (hence many more tables, histograms and graphs),



further characteristics including ecological factors and
extended vertical and lateral ranges.

Also now, the table of algal formps found during the
invegtigation is both increased in number of algae and
in their distribution.

The new localities visited and investigated since
this more detailed account was commenced include for the
Woolhope Limestone, Mordiford (Herefordshire}; for the
Wenlock Limestone, Fownhope, Sollers' Hope (Herefordshire),
Woolhope, Ledbury, May Hill (Glos.) and the southwestern
quarries of Wenlock Edge; and fo?:' the Aymestry Limestone
and Iudlow group, all localities cited, i.e. Whitcliffe
Beds, Ludlow, Marcle Hill (Hereford), Norton Camp, Aymestry
and Ledbury,

Some micro and field photographs have been repeated
from the M.Sc. thesis, so as to give a more comprehensive

rhotographic survey. The plates repeated are figs.

7-11, 17, 14, 25, 27, 29-32, 34, 35, 37, 38, 40, 42, 43,
47-50, 53-57, 80, 84.




GENERAL REVIEW OF PREVIOUS LITERATURE .

I. THE RECOGNITION OF FOSSIL ALGAE

Forchhemmer in 1844 concluded that as the quantity of
"fucoi:d growth" produced annually was enormous and the
ﬁineral conten’r: of "fuocoids"™ was higher than that of land %--
planis, these plants must have influenced the form and change
of sea deposits, Thus he suggested that minerals derived
from them were 1mpoi-tant in the accumulation of Palaeozoic
sediments, ‘

In 1858, Unger, Rosanoff and Gumbel (cited by Garwood
1913a) dempongtrated the presence of Nullipores in several
Cretaceous and Tertiary limestones of Europe, an especial
development being the Leithakalk of the Vienna Basin (Unger),
It was not until 1837 that the calcareous deposits formed by

Nullipores were realised by Phillipi to be directly duse to
growth of 1living lime secreting algae and 1894 (Brown) before

Solenopora was recognised as & fossil coralline alga.
Munier Chalmas in 1877 recognised fogsil Dasycladaceas

to be algal as he transferred the group from ”Foraminifefa ~

to the Siphoneae Verticillatae, Dasyoladacréan fossils \

had been rdcorded by Eiochwald (1840, 1860) and de Koninck
(1842, 1872) as animal remains,

8.




Rothpletz in 1891, gave a desoription of filamentous
fossil algal forms (Sphaerocodium) which hé.gscribed to
the Codiaceae and gave evidence t0 support his algal claims,
Previous to Rothpletz, Duncan (1876) desoribed what he
regarded as parasitioc filamentous algae in fossil corals

allied to water moulds Saprolegnia and Achlya, and

Bornemann (1887, and review of Bornemann by Hinde 1887)
regarded his erected genus S:}.phonema as of algal origin.,

Previous to 1894, there were very few references to
the occurrence of fossil calcareous algae in British
deposits (Garwood 1913%3a) as those fossil algae which were
found were referred to as corals (Nicholson & Etheridge
1877), Monticuliporoids (Dybowski 1877, Dawson 1879),
Hydractinae (allied to Stromatoporoids) (Wethered 1885.
1887 ), Rhizopods (Wethered 1889a, 1890, Nicholson &
Etheridge 1878), Protozoa (Dawson 1897), Serpulae tubes
(Hinde in discussion of Wethered 1890), Foreminifera
(Nicholson and ILydekker 1839, Wethered 1890, Eichwald 1840,
1860, de Koninck 1842, 18%3), Calcareous sponge (Seealy
1885, 1887) .and inorganic copgoretionary structures,

(Calloway 1500 on Solenopora gracilis),
Other fossil algae such as Pachytheca were regarded



variously as having zoological affinities _( crustacean eggs
and parts of the palate of fishes) or Iycopod spore,
gymnosperm seeds, etc. (Lang 1945), whereas very many
inorganically formed structures were termed 'algal' or

'fucoidal?.,

In 1894 Brown described various new forms of
Solenopara ascribing them, as did Rothpletz, to the
foralline algae and in 1898 Seward gave a general survey

of the groups of algae then known including those of
doubtful affinity.

I1la. THE RECOGNITION OF THE IMPORTANCE OF AIGAE AS

LIMESTONE BUILDERS and their stratigraphical value as
1ndex' fossils.

Wethered (1889, 1890, 1891) was of the opinion that
oolites, from Silurian and Carboniferous limestone to
Jurassioc pilsolites, were formed by Girvanella, although
Cayeux (1910) thought that Girvanella was parasitic on
them but that algae were important during the Palasozoic
(1930). Nicholson (1888) realised that certain anomalous

organisms such as Mitcheldeania were concerned in actual

limestone formation.

Various authors had expressed the abundance of algal

10.




forms, but it was really not until the organic forms were
actually recognised as fossil algae, that theilr part as
actual limestone builders was realised. Thus Seward (1894,
1898) indicated the relations of algae to various limestones
but Geikie (1903) recognised that massive limestones had
been farmed by algal agencies, especially in the Trias of
Bavaria and the Tertiary limestones in Europe. He also
became aware that the organic stiructures forming these
limestones may have been totally destroyed.

Then Garwood (1913 a.b., 1914, 1916, 1924, 1931 a.b.)
indicated that not only were some limestones formed mainly
by algae, but also the stratigraphical value of these forms.
He emphasised the great potential value of these fossils
as index fossils especially with their wide geographical
range and the distinct restrictions to definite geological

periods. His examples included the following forms,
Rhabdoporella, Mitcheldeania, Ortonella, Sphaerocodium,
Solenopora and Girvanella (in the Girvanella Nodular band).
Since then, algae have become increasingly recognised
as important rock builders (Glook 1923, Pia 1926, Maslov
1935, Johnson 1935, 1937 b, 1940, 1945, 1951, 1952, 1954,

Anderson 1952), even where the organic structures have

11l.



broken down and only the fine calcite precipitation, from
their l1life activitfea, remains (the *algal dust! of Wood
1941 al. Thus various widespread calcite mudstones in

the Carboniferous have been regarded by George (1954, 1956)
as algal muds of the finest grades.

The value of fossil algae also in stratigraphy has been
stressed amongst others by Pia (1935), Howell(1952) and
Johnson (1948, 1945), the last mentioned indicating those
groups of algae valueless in this respect except as
indicators of environment, as they have persisted fdr long
veriods of time without any significant structura;. change,

Gloock (1923, 1946) and Fenton and Fenton (1938)
indicate that algae may be used as climatioc indicators from

the types found and the amount of reef consolidation

undertaken by them,

I1Ib. LINMESTONZ FORMATION AND CHEMICAL COMPOSITION
Skeats (1903) in a determination of the chemical

compositions of limestones, found that Halimeda was an

aragonite-former whereas calcite was fo;med by the

activities of Corallines. He also realised that

12,



Lithothamnium loses its structure camparatively easily

so disintegrating into a fine calcite mud. This was
followed by further work by Cullis (1904) on iunaruti atoll.
Then Chapman and Mawson (1906) also emphasised the
disintegration of Halimeda and other algae at depths in the
rock and thallus breakdown has also been commented on by
Geikie (1903), Howe (1932), Fenton and Fenton (1937),

Hatch et al (1938), Johnson (1945) and Howell (1952).
Charke and Wheeler (1922) further showed that

Lithothamniwfi had a high magnesium content, whereas in .
Halimeda it was almost absent. They also found that the
magnesium content was highest in algae from warm regions
and decreased in amount in those from vooler waters. These
relationships have led several authors to comment on tﬁe
possible significance of algae to dolomite formation
(Blackwelder 1913, Jourdy 1914).

Fine grained limestones are regarded by some as having
been formed by inorganic means, for example by the action of
colloids on swamp water with a high calcium carbonate content
(Boswell 1930), Carter and Beadle (1930), by evaporation and
concentration (Vaughan 1917), by others, organic meens

(Bavendamm 1932, Black 1933 b, Hatch Rastall and Black 1938),

the action of ammonifying bacteria in mangrove swamp regions

13.



and aragonite mud fomat;ons in shoal regions later becoming
lithified to calcite mudstones. Some of these mudstones
though, are those in which George (1954, 1956) demonstrated
the presence of large quantities of algal fragments and
which he regarded as original algal muds,

Reis (1923) supposes that the ammonia from the algal
decay would precipif.ate the calcium carbonate in the
interspaces of spongy mass of the living algae. Bucher
(1918) though, favoured an inorganic origin for oolites and
spherulites, which in some cases is true (Kalkowsky 1908),
but in others it would seem more probable that they resulted
from the life activities of some organism (Wethered 1889,
1890 and algal 'ooids! of Kalkowsky 1908), even though
Cayeux (1910) régarded oolites as belng destroyed by
parasitic forms of Girvanella, and Vaughan (1917) states
that filamentous algae will bore into any calocium carbonsate.
gtructure, such as an oolite, 1lying on the sea bottam,

Jones (1925) indicates a method by which algal filaments
become coated with minutely crystalline calcite. This he
postulates 1s by the algae utilising the carbon dioxide in
solution, so causing a local deficiency. This agalin lowers

the solubility of the calcium carbonate in solution and

causes a deposition around tq_e filaments.

14,



IIo, AILGAT, PEBBLE FORMATION AND OTHER GRONTH KORMS

Barclay (1886) recognised algoid balls (aeérophila
balls) forming in a lake in South Uist, and Clarke (1900)
described in detail the conditions under which ‘water
biscuits' were being formed by a felted mass of fresh water
algae 1nfluencing the lime precipitation. He also cites
the then known examples.

Roddy in 1915, stressed the importance of the blue green
é.lgae in the formation of concretions. More detailed work
on fresh water algal pebbles, oolites and reefs has been
described by Bradley (1926, 1928) on different types of
pebbles found in relation to various conditions in the Green
River Formation, and Pollock (1918), Mawson (1929) on water
biscuits formed in Australian lakes and their environment
and marine algal balls by Dickinson (1933).

Wells (1942) however describes pseudo algal nodules
occurring in the Greenfield dolomite which he considers in
minute structure only to be lacking in algal characteristics.

Various other algal growth forms have been described
by Rutherford (1929), Johnson 1937 a, 1946), Fenton and
Fenton (1931, 1937, 1939) end Anderson (1950).

15.



114, FOSSIL ALGATL LIMESTONE DEPOSITS

The widespread occurrence throughout the geological
periods since, and including the Precambrian, of the algal
limestones has become increasingly recognised. Thus,
thesg limestones are recorded from Precambrian of areas such
| as ﬁorth America, (Rutherford 1929, Fenton 1931, Fenton and
Fenton 1931,,1933, 1937), India (Rao 1949), Australia
(Feirbridge 1950 b), Palaeozoic and Mesozoic deposits
(Esturien series of Skye-Anderson 1948), to Tertiary and
recent formations including the Eocene beds of the Salt Range,
India (Rao and Rao 1939) and Oligocene of the Colorado
(Johnson 1937al the Permian of New Mexico (Johnson 1942)
and the Cretaceous of South India (Rao 1942),

11T. THE RECOGNITION OF ALGAE AS REEF BUILDZRS AND
THEIR ECOLOGY. |

ILister in 1891 found that calcareous algae together
with corals to a lesser extent composed the main part of
the terraces each side of Tonga Island. He assumed,
however, that as coré.ls were practically absent on the

East side, the limestones were formed at the base of the

coral reef.

16,



Agassiz (1903) quoted Gardiner (1898) on Pacific
Coral Reefs where Nullipores are prominent in reef building.
Also Sherloock and Skeats (1905) found that in Fiji
Lithothamnium and Polytrema ( a foraminifera) constituted
the bulk of the rock, corals being subordinate to them,
Lithothamnium was also known often in enormous quantities
from Spitzbergen in the north' to South Victoria Land in the
south, and in the Indian Ocean they were important reef
builders according to Foslie and Gardiner (1907), but in
1911 Vaughan defined a coral reef as a ridge predominantly
composed of calcium carbonate mostly secreted by corals.

In the same year however, Baumann described algae reefs from
Bodensse.

The following year Howe (1912) gave & general resume
on reéf builders and showed that previously corals had been
over-estimated in their importance in reef building and
suggested that the lime secreting plants might eventually be
regarded as the most important type of reef builder.

Since 1917, the general ecology of reefs has been
studied more as it was then realised that‘ the constitution
of reefs varied greatly in different zones (Vaughan 1917,
Mayer 1918, 1924, Setchell 1926, Bramlette 1926, Pollock

1928 on fringing and fossil reefs of Oahu).

17.



A later and more comprehensive definition of a reef
structure has been given by Cumings (1932), who also gave
examples of different kinds of algal rocks, this having
since been modified by Wilson (1950), Ladd (1950), Ladd et
al (1950), Lowenstam (1950),

I11D. THE ECOLOGY OF RECENT REEFS

Observations made by Howe in 1912 on the reefs of South
Florida and the West Indies showed that some banks were made
completely of calcareous plants, others canpletely of coral
growths and yet others where the two intermingled. He also
found that in the latter case the plants often overgrew ahd
smothered the corals, also that these calcareous plants in
Florida appeared 1o have a wider distribution both
horizontally and vertically than corals. He realised though
that thelr relative rates of growth must be known before
their lime depositing activities could be compared.

Since 1930 there have been more detailed studies made
on the ecology of recent reefs, Black (1930, 1833 a.b.),
Hatch et al (1938) and Field (1928, 1931) also began a series
of studies on the sedimentation and ecology of the Great
Bahama Baﬁk with its shelf lagoon.

18,



In 1931 in observations on the structure and ecology
of the reefs, Stephenson et al showed the Low Isles to have
a ribbon reef, the outermost being algal., ZPacific studies
of the 'coral! reef ecology were increased bfy Umbgrove (1947)
who noted the importance of Lithothamnium in coral reefs of
the East Indies: +the enormous oxygen consumption in reefs
hence the nsed for well aerated waters, Yonge (1940) on
coral and algal symbiosis in the Great Barrier Reef and
Fairbridge (1950) on a survey of Recent and Pleistocene
reefs of Australia.

The relationships between organic growths and
sedimentation on Bikini Atoll and other Marshall Islands
has attracted atiention and varlous ecological papers have
been published relating the function of calcareous algae
to other organic growths and to sedimentation in or near
reefs. (Ladd 1944, 1948, 1950; Tracey 1948, 1950: Tracey
et al 1948; Emery 1948; Wilson 1950; Lowenstam 1950;
Emery et al 1954; Johnson 1954 and Bryan, Emery and Wells
1953).

These have shown the very distinct zonation parallel

to the reef front and the importance of algae in reef

protection building and extension and have also given an

19.



indication of the areas of most and least active
sedimentation. Both Wilson (1950) and Ladd (1950) in
thelr definitions of reefs stated that protection from
wave action i1s often partly supplied by a ILithothamnium
ridge in most Present reefs and that loose clastic
material generally becomes bound together by algas,
corals or foraminifera,

More general botanical problems have been discussed
by Taylor (1950), Feldmann (1951), Drew (1951), and general
palé.eoecological problems by Fenton and Fenton (1928, 1935)

amongst many others.

I1Xc. FOSS1L REERFS

The occurrence of reefs throughout the geological column
from different regions of the World have been given by
several authors, for example Twenhofel (1950), Vaughan (1911,
1917), Cumings (1932), Goldring (1938), Anderson (1950).
Twenhofel presumes that where a reef contained few traceable
fossils, it was probably of algal construction as ;bhese

readily break down to show no evidence of organic stiructures,

Thus, the Precambrian and Cambrian reefs of North America

<0.



(Wieland .1914, Fenton and Fenton 1933 et seq, Goldring 1938),
many of which appear to have been algal, are indicated by
various 'growth forms! (Anderson 1950): Fenton and Fenton
1939; Rutherford 1929: Walcott 191&: Fairbridge

1950 a.b),

Comparisons of fossil reefs with those in process of
formation have been made on the Capitan Barrier Reef of
Texas and New Mexico (Adams and Frenzel 1950) where the
| feef wvall and fore reef have been built malnly by
catcareous algae. In various other Palaeozoic upper reefs
of North Amerioca (Johnson 1937, 1940, 1942, Fenton and
Fenton 1939, Shrock and Twenhofel 1953) and of Russia
(Lovet 1950), the importance of algae is recognised in reef
building and the associated lagoonal phase,

- Bond (1950), suggested that the mudstones present in
the Carboniferous Reef lLimestone of Northern England are
the lagoonal facies behind the reef proper and were
precipitated either by algae or by direct chemical action.
Pringle (1946) demonstrated the presence of Ortonella in
probable reefs of S, age, and Prentice (1951 ) found that

algae were present in at least some of the reef knolls.

George (1954, 1956) in an investigation of the calcite
mudstones of PreSeminulan age in South Wales found that they

<l .



were mostly algal in origin, thus lending support to the
hypothesis of algal precipitation in some of* the reef
lagoonal facies.

1114, SILURIAN REEFS

'These have been recorded from most parts of the World
(Twenhofel 1950 ) but in many cases there has been doudt as
to the actual reef builders. In North Americarmany are
problematical reef structures (Fenton and Fenton 1931,
Shrock 1939, Lowenstam 1950, Twenhofel 1950), Shrock
recognised algae 1o be amonsst the chief bullders of the
Wisconsin reefs, and Lowenstam (1950) desoribed a frame
building Stromactis network from the Niagaran Reefs of the
Great Lake Area which he ascribes to algal activity. He
contrasted Silurian reefs fran Present ones by an absence
of boulders, due td a lack of reef borers during the
Silurian, and the absence of a ILithothamnium type of ridge
also characteristic of Recent reefs.

Rock forming Solenopora is recorded from Japan (Yabe

1952).
In the great Baltic development of reefs, Kiaer (1908)
in his description of them in South Norway does not mention

any algae at all in the Wenlock stage, but Silurian algae

_R2



were ndt recognised there until Rothpletz (1891, 1908,
1913) and Minthe (1910) described various types of
Solenopora and Sphaerocodium from Gotland and mentioned

by Hbeg (1932) Kiaer (1932) and Holtedahl (1934) far
Norway. Twenhofel (1936 a.b) recorded Sphaerocodium in
Gotland reefs but did not mention algae in the Silurian

of Esthonia, Hadding (1941, 1950), made various detailed
studies of reefs in Sweden, their palaeocecology included,
and recognised the importance of calcareous algae in certain
areas, and composition of limestones near reefs and their
variation away from them,

In Britain, much douht has been placed in the past
upon Silurian deposits here contalning any true reefs.
Before Garwood and Goodyear (1918 and Garwood in Evans and
Stubblefield 1929) recognised the Woolhope Limestone of
0ld Radnor and Nash Scar to be an algal limestone, possibly
a reef limestone, the algal nodules were regarded either as
the result of metamorphism (Murchison 1854) or inorganic
concretions (Calloway 1900), |

North (1950) regarded the nodular 'Ballstones' of
Wenlock Edge to be dus to colloidal effects and not reef
material and previously Lyell (1878) thought them
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concretionary, but Hill, Butler, Oakley and Arkell (1936)
realised Wenlock Idge limestone had been influenced by
algal growths, although there appear 10 have been no akzaxk

atgal
distinot/r];ecards made. They described the 'ballstones?

as "a reef rock formed in situ at a focus of intense
activity of coral, stromatoporoid and algal growth®, The
Crog Balls found at Dudley were regarded by them as similar
in nature to the Ballstones, their matrix possidbly forming
by the decomposition of masses of soft algae resulting in
a chemical precipitate. Stamp (1918) suggests that the
nodular cornstones in the Temeside shales were sometimes
regarded as algal in origin.

Whittard (1952) recognises an algal limestone present
as one of the different lithologies in the Wenlock Limesgtone
of South Shropshire. May Hill is also known to contain
algal limestones from Wethered's (1893, 189C) classic work,

but reefs are not recorded.

IV, PALAEOZOIC AILGAL GENEZRA

Since about 1900 when fossil algae became more widely

recognised, there has been a gradual discovery of



additional {Types in the Palaeozoic rocks, Descriptions
of these types given by Pia (1927, 1937), Dervilie (1931,
Johnson (1951 b), As well as Girvanella, Sphaerocodium
(vide Rothpletzella Wood 1948), among the filamentous
there are also forms such as Ortonella Bevocastria, etc, ,
(Garwood 1914, 1931 a.b), Garwoodia (Wood 1941 b)),
Celcifolium (Johnson (1958).

The Corallines in Britain are mostly represented by

Solenépora spp., whereas the Dasycladaceae are represented

by Rhabdoporella. (Lewis 1937), Koninckopora, Coelosporella
(Wood 1940, 1942), Spongiosiromids, palaeozo;c algal growths

described by Garwood (1914), Anderson (19504,

Other algae and probable algae of more doubtful
affinities, sole non-calcareous, are Nematothallus (lLang
(1936), Mastopora (Curry and Edwards 1942) and Pachytheca
(Salter 1851, Kidston and Lang 1924, lang 1937).

Many inorganic and doubtful specimens have been

labelled as fucoids but no reliance is placed on most of

these identifications.

Y. BRITISH SILURIAN ALGAL RECORDS

Wethered (1890, 1893) was the first to find Girvanella
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in British Silurlian rocks when he described G. problematica
from the Wenlock Limestone of May Hill, Gloucestershire,
Purley, W. Malvern and Ledbury, He found that there was
more variety of algal material a§ May Hill and Purley than
at Ledbury. Crosfield and Johnson (1914) npted the
presence of Girvanella.as small fragments in the Crog Balls
of Wrent's Nest,'Dudley. - "Girvanella" conferta had been
recarde& by- Chapman from there in 1907. There appear to
be no records for Wenlock Edge andi no further information
{s in Butler(1939) paper on Dudley. Garwood (1931 ) asserts
the Girvanella described by Wethered from May Hill to be

'Sphaerocodium' munthei. He also records Sphaerocodium
g otlandica from Old Radnor and Nash Scar with the genus

Solenopora graclilis, Solenopora gotlandica was found as
fully preserved specimens by Whittard and Smith (1944)

from the Wenlock Limestone of the Tortworth inlier of
Gloucestershire, although Reid and Reynolds (1908) do not
mention them,

No algae have been mentioned in the fossil 1lists of
Gardiner (1927) and Pocock (1930) for the Woolhope Limestone

of the Woolhope area, although Garwood (1931 a) mentions
than unidentified Solenopora sp. have been found in this
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district, but does not specify the actual limestone,

No algae are mentioned from the Aymestry of the main

outcrop (Alekander 1936).
Parka and Mastopora have been found in the ILlandovery

beds as well as the Ordovician of the Girvan district
(Salter 1851), and also in Shelve district, Shropshire.

Another doubtiful form, usually in carbonised or

silicified state, Pachytheca, (Hooker 1889, Barber 1839,
1891, 1892), has been recorded rarely in Wenlock beds but

fairly common in Aymestry and Downtonian beds in various
localities in the Welsh Border District. (Strickland 1853,
Kidston and Lang 1924, Robertson 1927j), Lang 1937, 1945),
Nematothallus has been recorded from the Wenlock of
Tymawr Quarry, Cardiff (Barber 1889, 1891; Sollers 1879

Strahan 1910) and Corwen, North Wales, the Pen-y=-glog Grits,
and Prototaxites, another doubtful form has also been fouhd

in the Wenlocklian and Iudlovian, as well as higher horizons
( *Nematophycust barber 1892, Lang 1945).

27
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MATERIALS AND METHODS

Specimens were collected from various quarries and other
exposures of Silurian beds of the Welsh Border, The various
facles were examined, noting the general faunsa preéent in
each, and the relationship to them of the algae, if any and
if visible in the fiseld. Thin specimens were then prepared
from the rock specimens and these were examined as most of
the algae found during this investigation could not be
detected in hand speclimens,

The investigation extended over an area to include
material collected from Shropshire, Herefordshire, Radnorshire-‘
Worcestershire and Gloucesteréhire. The Woolhope ILimestone .
material was obtained from Radnorshife; Harefordshire and
Gloucestershire. The Wenlock Limestone from Shropshire,
Herefordshire, Gloucestershire and Worcestershire and the
Aymestry Limestone from Shropshire and Herefordshire.

Grateful acknowﬁ:edgment is here due to Dr. S.H.Straw
who, at the beginning of the investigation, provided some
bryozoan reef specimens from 0ld Radnor, which thus led to
further collecting and investigating of this district, and

2o Professor P. Allen, who gave specimens of freshwater

algal nodules taken from the R. Pang near Pangbourns,
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Berkshire, which assisted in the comparisons made with
present day forms of filamentous algae. Comparisons mgde

with specimens fram Gotland were those kindly given by
Dr, Straw and V.S. CQlter. Other living and fossll algae

- were collected and examined fram various sources, including

Bay
Lithothamnion from Douglas{ Isle of Man.

Methods of Sampling

Specimens were collected from the different facies
present in each exposure. Specimens were also taken at
different levels vertically from the same facies to find
if there was any noticeable change over a known vertical
distance, Likewise, rock specimens were collected fram
the same bedding plane, wherever possible, at measured
distances laterally. JParticular attention was directed
to those beds in the neighbourhood of reef or reef-like
material where changes were likely to be rapid.

Magthods of Examination

It was found that thin ground seotions were essential

for the study and examination of the algae. During the
{nvestigation 265 slides were examined, of which 140

were prepared by J. Fowler (Sheffield) and the rest by the

writer.

Cellulose peels were tried as a substitute for the

29 .
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thin ground sections, but acids used in etching were often
observed to attack the algal parts before the matrix and
the algae were found to be completely calcareous.

¥For comparative work, living forms of calcareous algae
were wholly or partially decalcified by elther the use of
dilute hydrochloric acid or immersion in Perenyits solution
(Mason 1953). The filements or thallus remaining were
then examined miéroscopically.

Microscopic Examination

Measurements were made on the algae by using camera
lucida drawings mostly at magnifications of x330, x350 and
x600., The accuracy of these drawings by this method was
checked by direct measurements from photographs mostly
x215 and x150, and also by direct measurement using an
eyepiece with a micrometer scale. The camera lucida
drawings were found to be more satisfactory than this last

method.
With direct measurements from photographs only one focal

plane is observed, but with the camera lucida there is no

such réstriction, so the best focus for each determination

can be madse,
The method used during the investigation to allow for

the standard error in measuremsent, was to measure at least
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five tubes per algal group so as to give the range of
variation within each group including the standard error.
The probable mean was estimated for each group by
éaloulations based on freqilency of each size. Graphs and/ or
histograms were drawn for the resultis of each'group, for
different species, localities, etc., to give comparisons of
means and allow for complete variation in size, including
error. With the more indistinct groups, the variation is
greater, as the error is increased, hence on a histogram or
graph the range would appear larger than that for many
distinct groups (of even size). TFor a group with all the
tubes identical in width, onl? one measurement was recorded
on the graph and not five (or more) as the size comparisons
are regarded as between different groups and not between
every tube in every group,

Wood (1957) indicates the large discrepancies in the
quoted tube dlameters for the type species of Girvanella
and so regtricts measurements to transverse sections of
tubes as both the wall thickness of tube is variable and
the thickness of slide is often greater thsn the tube
diameter, During this investigation however, longitudinal

sections were measured as with careful focussing the true
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diameter can be ascertained, The results of these
measurements were also compared with measurements made of
those tubes seen in cross section. With fine filaments
however, 1t was found almost impossible 1o distinguish a
True transverse section fran an oblique view especially
where the calcite wall was thick. |

Again, Wood (1957) demonstrates the variability of
the thickness of the outer diameter of these algal tubes
due to0 varying amounts of calcite dust and so uses the
internal diameter measurements as seen in cross section
as being more reliable. The question then arises as to
whether the measured internal diameter does represent the
true diameter of the algal filament., In "transverss"
views often the tubes are curved into the Plane of section

so that the fine granular calcite in "algal dust" (Wood 1941la)

appears to smudge over the "lumen" of clear calcite so that
the apparent width of clear calcite is less than the true
width of the original fllament. The reverse is also true
when the section 'I:aicen is slightly oblique and/or the
filament curves away. Thus a falrly high magnification is
needed to ascertain whether a tube has a perf‘e*ctiy circular
cross section and below § n in diameter this method is much

too inaccurate. Hence, transverse measurements become
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increasingly inaccurate wit}: decrease in tube size.

By using high magnifications, the longitudinal sections
can yield more accurate results than transverse ones
especially with the fine diameter groups, as here it is
possible to.determine a true longitudinal view by the length
of tube in focus, hence error by_ obliqueness of section is
eradicated. The true circumference of the alga is regarded
to be where the calcite dust is most dense, i.e. darkest,
ag it is conslidered likeliest that as the calcite dust was
formed as a life process of the 1living alga, then the most
concentrated area of dust would lie.: against the living cell
wall, and the concentration decreasing with distance away
from the living wall. Hence a clear section of tube should
sho® clear calcite 'lumen' where the original alga was
present, then the darkest algal dust gradually becoming
lighter, and then often grading into the surrounding calcite
matrix. (fig. 1)

In those instances where the algal tubes are seen

lengthwise, but not in section, as in the very fine

filamentous groups or more often in a thicker slide, thils

method can still be used., The darkest limits are again
measured although here there'is the added difficulty of ths

dust obscuring the centre of the tube. (fig. 1) The
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algal dust should appear darkest at the side limite of the
original wall because here the focussing is on the greatest
thickness of dust, whereas elsewhere it is only wall thickness
of dust (or double thickness in a very fine diameter of tube
where the complete tube is seen in one focus).

It was found during the investigation that often
longitudinal sections could not be measured fram a thallus
formation, éuch.asSolenopora with any accuracy, especially
from either a photoRgraph or a section thinner than the tubs
diameter. If thicker, careful focussing was needed to
find the widést extent of the tube rendered difficult by the
overlap of the tubes. If other measurements are taken,
variation cannot be stated bul maximum diemeter measured
will be within the variation limits for a "true" diameter.
(fig. 1).

Crushing of an algal tube would not be likely t0 occur
before the death of the alga, due to its internal pressure
and then flattening appears to occur only when tubes are
adherent to each other and nearly always in encrusiing forms
where the filaments are in a felted mass., When crushing
has occurred, the clarity of the wall disappears thus gilying
an indication that any measurements taken are of doubtful

value.

Secondary diagenesis of the calcite leads to annihilation

34 .



of wall structure over localised areas, so that the apparent
width of filament may be at least double that of its real
width, This may also lead to connections being observed
between tubes where there were none. For example,
connections seen between Wetheredella and Rothpletzella
in the "Sphaerocodium" of Rothpletz. Again there is the
possibility that one form may be a perforating alga (Drew
1954), so Rothpletzella under certain conditions may have
been this type of alga boring into the tubes of Wetheredella,
thus making it appear to be one arganism,

All instances of the joining of different sized tubes
cannot be easily referred to secondary recrystallisation,
for example, the two main sizes of beaded filaments occurring
in the Reef Limestone of Gotland. Here a number of fine
threads apparently coalesce at their ends, first into pairs,
then all fuse together, thus suggesting a primary origin.
No end walls are visible which suggests a possible intimate

agsociation between them and the wider beaded tubes.

(fig. 59)0
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Fig. 1.
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ALGAL FORMS FOUND DURING INVESTIGATION

Table 1

Localities from which mater:lzili has been collected

and investigated for Silurian calcareous algae

A, WOOLHOFE LIMESTONL

01d Radnor (0.R.) Radnorshire
Nash Scar (N.S.) Herefordshire
Woolhope (Ww.H.) "
Mordiford (M.F.) i

B. WENLOCK LIMESTON

Wenlock Edge (W.E.) Shropshire

Wiren's Nest, Dudley (D.U.) Worcestershire

Woolhope (W.H.) Herefardshire

Sollers! Hope (S.H.) LI

Fownhope (F.H.) t

Ledbury (L.B.) "

Longhope (May Hill inlier) (M.H.)
Gloucestershire

Park Wood, W.Malverns (M,V.) Worcestershire

C. AYMESTRY LIMESTONZ AND LUDLOVIAN DEPOSITS
Ayméstrey

Norton Camp and View Edge, Craven Arms (C.A.

Shropshire
Marcle Hill, Woolhope (W.H.)
Ledbury (L.B.) Herefordshire
Iudlow (L.U.).

o6,
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Table II

Previous records of calcareous algae known to be
present in the Silurian of the Welsh Border

A. WOOLHOPE LIMESTONE Author and
alge Localities __date
Rothpleizella gotlandica 014 Radnor Garwood and
Rothpletz sp. Goodyear
1918
'England® Wood 1948

(Specimens in Geol.Survey Mugseum, from Whitfield, Glos.)

Solenopora gracilis 0ld Radnor Garwood and
Garwood Nash Scar Goodyear
1918
B. WENLOCK LIMESTONE
Girvanella problematica May Hill Etheridge
Nicholson and Etheridge 1890
Girvanella fragments Dudley Crosfield &
Johnston
- : 1914
Rothpletzella gotlandica England and Wood 1948
May Hill

(Specimens deposited in Geol. Survey Museum, May Hill,
Wethered 1893 redescribed Wood 1948).

Rothpletzella conferta
Chapman sp. ) as Dudley Chapman 1907
G. conferta )

Solenopora gotlandiica
othipletz

C. AYMESTRY LIMESTONE AND LUDLOVIAN

? Chastocladus - unpublished |
records Aymestrey Lawson

(specimens deposited in British Museum (N.H.))

D. GENERAL
Algal limestone present as a S.Shropshire
l1ithological group Wen,.,Lst,

Postulation that Ballstone and
Crog Balls were influenced by Wenlock Edge Hill %3%1

algal activity Dudley
Meiford Lewis 1937

Ortonella rigida and
Rhabdoporella intermedia Montgomery

Tortworth Whittard 1944

TWhittard 1952
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Table I1I

eg of calcareous algae found duri the

present investigation

A. WOOLHOPE LIMESTONE

Alga ' Localities®

O.R N .S W.H MF

Girvanella problematica x< x<
G. fragila n.sp.
G. pusilla n.sp. X p &
G. prolixa n.sp.
G. media N.SP. p
G. ramosa n.sp.
G. effusa N.SPe

Roth%letzella gotlandioca
large ver. ) > o X
R. conferta xl

Rhabdoporella sp. p o p

Solenopora gracilis p &
S. compacta p &
Incertae sedis X

MM MM MMM

KEY X = regcorded

1 Recorded previously in M.Sc thesis (1955)

2 ditto ditto as Girvanella but no specific
— forms.

O See table 1.
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Table III continued.

B, WENLOCK LIMESTONE

Al ga L.ocalities
wWE DU »H S H4+W.H MHE LB M.V

Girvanella

problematica X2 xR I > x X x
Geproblematica

var lumbricalis p
G. pusilla X p &
G. prolixa X
G. sarmenta n.sp. x
G. media X
G. incompta n.sp. X
G. ramosa p.
Rothpletzella

gotlandica and

large var, xl xl
R. conferta xl x
R. sp. xl
Rhabdoporella sp.
Obscurse -

7 dasycladaceaes X X p «
3 .cf.gracilis xl -
S. coanpaocta x1 |
S, gotlandica xl
Incertae sSedis xl

MMM MMM

'—l
MM MM

4 - Ledbury probably derived Wenlock lLimestone specimen,

C. AYMESTRY LIMESTONE AND THE MORE CALCAREQOUS FACIES
OF THE LUDLOVIAN,

Alga Localities
C.A. AY, 1U. YVH,, L.B

Girvanella problematica X X

G. pusilla p 4

G. ramosa p &

G. cf ramosa X |
Girvanella sp. indetl, X X ;f
Obscure dasycladaceous fragmentis X g‘
Incertae sedis p & ?

The range of each algal species is shown in the ;
following table (IV), the localities again being
represented by initials (table I). New horizons and
new British records are also indicated. ~
:
3
3
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Table 1IV.

Stratigraphical range of Algal Species

estry=-
Alga Woolhope Wenlock ﬁglo v:lgn
Girvanella problematica
and large var 1.2 post districts investigated
G. fragila 3 " MJF. | - -
G. pusilla 3 most districts investigated
G. prolixa 3 MF V.t Y.H -
G. sarmenta 3 - W Y¥.H -
G. media 3 wH MJF W.E F.H -
G. incompta & - - W.& DU P.H -
G. ramosa o M.F W F.H LU
G. effusa O MF W.E DU -
Girvanella indet, CA W.H
Rothpletzella gotland- Most except
ica 1 (and var) O.R WS L.B -
R. conferta 1 2 - 0.R . DU F.H -
R. sp. 3 - pu F.H (L.B) -
Rhabdopor