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Ab stract. The south ern part of the Pen ni nes Ba sin (War wick shire, South Staf ford shire and Wyre
For est coal fields) has a con densed suc ces sion of mid dle Langset tian to up per As turian or lower
Cant ab rian strata. The Langset tian–Duck man tian part of the suc ces sion is in a grey coal- bearing
fa cies, in which many coal seams have be come ver ti cally ac creted, and in which mac ro flo ras of the
Lavei neop teris loshii Sub zone, Lon chop teris rugosa Zone and Neu rop teris semire ticu lata Sub zone
can be rec og nised. Spe cies com po si tion and To tal Spe cies Rich ness di ver sity curves com pare well
with those from the Cen tral Pen ni nes Ba sin to the north, sug gest ing that they rep re sent an es sen tially
uni fied area of vege ta tion. Red beds of the Etru ria For ma tion ap pear in the lower Bol so vian Sub stage
(stra tigraphi cally lower in the mar ginal south ern most part of the ba sin). The Etru ria For ma tion
mac ro flo ras are not abun dant, but where they do oc cur are not sig nifi cantly less species- rich than in
the con tem po ra ne ous grey coal- bearing se quence in the Cen tral Pen ni nes. The Etru ria For ma tion
mac ro flo ras be long to the N. semire ticu lata Sub zone, and there is no evi dence of the over ly ing
Lavei neopters rariner vis Sub zone that would in di cate a late Bol so vian age. The grey, mainly
arena ceous Halesowen For ma tion un con forma bly over lies the Etru ria For ma tion, and yields low- 
diversity mac ro flo ras that proba bly in di cate the late As turian Dick son ites pluecke netii Sub zone. The
suc ceed ing red- beds of the Salop For ma tion yield even lower di ver sity mac ro flo ras, but there is some
evi dence that they may be long to the Cant ab rian O. cant ab rica Zone. A com pari son of these new data
with the evi dence from the Cen tral Pen ni nes helps con firm the ro bust ness of To tal Spe cies Rich ness
as a proxy for en vi ron mental change in Late Car bon if er ous pa laeo tropi cal coal- bearing se quences.
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IN TRO DUC TION

The Penn syl va nian (Late Car bon if er ous) aged Pennines Ba sin in cen tral and
north ern Eng land has an ex ten sively-col lected macroflora, es pe cially in the early
and mid dle Westphalian aged coal-bear ing part of the suc ces sion. A re cent study
in ves ti gated the biostratigraphy of these macrofloras and dem on strated clear
changes in spe cies di ver sity through the strati graphi cal se quence (Cleal, 2005).
That study fo cused on the cen tral part of the ba sin in the York shire, Lancashire and
North Staffordshire coal fields, where the stratigraphically-thick est suc ces sions can 
be seen. How ever, the more con densed suc ces sions in the south ern part of the ba sin, 
no ta bly the Warwickshire, South Staffordshire and Wyre For est coal fields have
also yielded im por tant macrofloras of this age.

Most of our palaeobotanical knowl edge of these south ern Pennines Ba sin coal -
fields co mes from a se ries of pa pers by Kids ton (1888, 1891, 1914; in Kids ton et al., 
1917), and his ex ten sively-il lus trated mono graphs pub lished to wards the end of his
life and post hu mously (Kids ton, 1923–1925; Crookall, 1955–1976). Also at about
this time, Arber (1914, 1916) was pub lish ing il lus trated ac counts of these flo ras.
Dix (1935, 1941) started to in ves ti gate the stra tig ra phy and palaeobotany of these
coal fields, but her work was un for tu nately ter mi nated by the Sec ond World War
and her sub se quent ill ness (Burek & Cleal, 2005). Much of the pub lished data was
crit i cally col lated by Jongmans (1940), which pro vides a valu able start ing-point
for as sess ing the his tor i cal re cords. Most re cently, the late Westphalian and early
Stephanian palaeobotany of these coal fields was in ves ti gated by Besly & Cleal
(1997) al though de tailed spe cies lists have yet to be pub lished.

The pres ent pa per re views the pub lished macrofloral data from the south ern
Pennines Ba sin. The re sult ing data are then used to as sess the biostratigraphical and 
biodiversity pat terns in these coal fields, which will then be com pared with the pat -
terns re ported in the cen tral part of the ba sin (Cleal, 2005). If the ob served pat terns
are es sen tially com pa ra ble, then both ar eas may be re garded as part of the same
vegetational sys tem and the biostratigraphical dis tri bu tions from the two ar eas may
be le git i mately com bined. The new data will also pro vide a means of test ing
whether the ob served changes in spe cies di ver sity through the suc ces sion in the
cen tral Pennines Ba sin re flects a real change in the veg e ta tion, or is merely an
edge-ef fect in duced by the an a lyt i cal method used. In par tic u lar, is there any sig nif -
i cant dif fer ence in the ob served fall in spe cies di ver sity to wards the top of the grey
coal-bear ing strata in the upper Duckmantian and lower Bolsovian Substages? Fi -
nally, the pa per will pres ent some of the de tailed palaeobotanical re cords on which
the Besly & Cleal (1997) study was partly based.

There are other coal fields south of the cen tral Pennines Ba sin area, which have
yielded plant fos sils, no ta bly the Coalbrookdale, Shrewsbury, Denbigh and Flint
coal fields. How ever, pub lished ev i dence of the palaeobotany from these coal fields
is lim ited and rarely ac com pa nied by il lus tra tions of the fos sils, and so is dif fi cult to
as sess (e.g. Arber, 1914; Wood, 1936). These ar eas have not there fore been in -
cluded in the pres ent study.
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GEO LOG I CAL SET TING

The area be ing dealt with in this pa per rep re sents the part of the Pennines Ba sin
that laps onto the Wales-Lon don-Brabant High (Fig. 1). The ex posed coal fields oc -
cur in what were embayments along the north ern edge of the High, formed by ap -
prox i mately N–S ori ented faults, and these di vided this part of the ba sin into dis -
tinct sub-bas ins (Fulton & Wil liams, 1988; Wa ters et al., 1994). Nev er the less, the
suc ces sions in the ar eas un der con sid er ation are all es sen tially sim i lar, even to the
ex tent that in di vid ual coals can be correlated.

The se quences are char ac ter ised by a rapid south wards at ten u a tion as they lap
onto the Wales-Lon don-Brabant High. The most re cently pub lished de tailed strati -
graphi cal data for the South Staffordshire and Warwickshire Coal fields (Bridge et
al., 1998; Powell et al., 2000a) in di cate that the suc ces sion thins by over 60% over a 
dis tance of about 10 km, but that most of the loss is in the clastic part of the suc ces -
sion; the coal seams only re duce in thick ness by about 30%. As a con se quence,
many of the coals co alesce ver ti cally, the best ex am ple be ing the Thick Seam (also
known as the Highley Brooch Coal in the Wyre For est and the Great Coal in the
Clee Hills – White head & Pocock, 1947), which in the south ern South Staffordshire 
Coal field is a 12 m thick more-or-less co her ent seam, but north wards sep a rates into
at least seven sep a rate seams (e.g. Cope & Jones, 1970).

The Up per Car bon if er ous suc ces sion of the area un der con sid er ation is broadly
di vided into a grey coal-bear ing Pennines Coal Mea sures Group, and a mainly bar -
ren, vari col oured Warwickshire Group (Tab. 1). In the north ern parts of these coal -
fields, the Pennines Coal Mea sures Group ex tends down to the Subcrenatum Ma -
rine Band at the base of the Westphalian Stage. How ever, most of the data dealt
with in this pa per orig i nated from the south ern most part of the ba sin, and here the
stratigraphically low est Westphalian beds are middle Langsettian in age (up per C.
robusta Zone in the stan dard Brit ish non-ma rine bi valve zonation of Ramsbottom
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Fig. 1. Cen tral and north ern Eng land show ing the lo ca tion of the coal fields dealt with in this pa per
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et al., 1978). The Pennines Coal Mea sures Group then mostly ex tends con tin u ously 
up wards to near the top of the Duckmantian Substage. The sedimentology of these
strata in di cates de po si tion in an up per delta plain broadly sim i lar to that seen in the
cen tral part of the Pennines Basin (Fulton & Williams, 1988).

The coal-bear ing grey beds are diachronously over lain by the Warwickshire
Group. The stratigraphically-low est part of the Warwickshire Group con sists of
red-beds of the Etruria For ma tion (Besly & Turner, 1983; Besly, 1988; Glover et
al., 1993). The sedimentology of these beds does not dif fer sub stan tially from that
of the un der ly ing grey coal-bear ing strata, and the red colouration ap pears to have
been sec ond ary, as a re sult of a lower wa ter ta ble. Red beds sim i lar to Etruria For -
ma tion also oc cur at stratigraphically-lower lev els, es pe cially in the South Staf-
fordshire Coal field, but only in a very nar row band a few hun dred metres wide near
the Wales-Lon don-Brabant High. Biostratigraphical con trol on the Etruria For ma -
tion is ex tremely lim ited, but it is widely as sumed to ex tend up into the upper
Bolsovian Substage.

Above the Etruria For ma tion there ap pears to be a non-se quence, al though
field-ev i dence is lim ited due to poor ex po sure. How ever, the over ly ing Halesowen
For ma tion has yielded macrofloras in dic a tive of a late Asturian or pos si bly early
Cantabrian age (Besly & Cleal, 1997). These arenaceous beds, prob a bly a lat eral
equiv a lent of the For est of Dean Pen nant For ma tion (Cleal, 1986), prob a bly rep re -
sent south erly-de rived al lu vial de pos its erod ing from the ad vanc ing Variscan
Moun tains to the south. They are het er o ge neous in char ac ter, mostly coarse-
grained, but with very oc ca sional thin coals. There have been no de tailed sedimen-
tolgical in ves ti ga tions of these beds, but they are likely to have been formed in un -
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Ta ble 1

Gen eral lithostratigraphical scheme for the Westphalian and lower Stephanian
suc ces sions in the three main coal fields dealt with in this pa per. Adapted from

Ramsbottom et al. (1978) and Powell et al. 2000b)

Group Formation
Members (Thickness)

Wyke Forest S. Staffordshire Warwickshire

Warwick-
shire
Group

Salop Formation
(lower part)

GAP
GAP

Allesley Mbr (140 m)

Keresley Mbr (197-306 m)

Enville Mbr (100-247 m) Whiteacre Mbr
(280-357 m)Alveley Mbr (45 m) Alveley Mbr (152-247 m)

Halesowen
Formation

Undivided (£200 m)
Dark Slade Mbr (40-90 m)

Undivided (70-127 m)
Unnamed mbr (35-60 m)

Etruria Formation Undivided (90 m) Undivided (50-100 m) Undivided (70-90 m)

Pennines
Coal
Measures
Group

Productive Coal
Formation

'Sweet Coals'
(30 m)

Middle Coal Measures
(100 m)

Middle Coal Measures
(90 m)

'red beds' (30-50 m)
Lower Coal Measures
(120 m)

Lower Coal Measures
(120 m)



sta ble, rel a tively high-en ergy en vi ron ments, where coal forest habitats could only
develop ephemerally.

The Halesowen For ma tion is then suc ceeded by more red beds, known as the
Salop For ma tion (Powell et al., 2000b), rep re sent ing north erly-de rived al lu vial de -
pos its formed un der more arid con di tions (Besly, 1988). Powell et al. (2000b) have
di vided this for ma tion into a num ber of mem bers ac cord ing to dis tinc tive fa cies
(partly sum ma rised in Ta ble 1). Plant fos sils oc cur mainly in the lower part of the
for ma tion, notably the Alveley Member.

MACROFLORAL SPE CIES IN VEN TORY

As in the pre vi ous stud ies on the macrofloras of the cen tral Pennines (Cleal,
2005) and South Wales (Cleal, 2007), the pres ent pa per does not pro vide a com -
plete in ven tory of all plant morphospecies from the south ern Pennines Ba sin. Since
the aim of the study is to de ter mine changes in plant biodiversity through the suc -
ces sion, the lists are re stricted to those morphotaxa that are likely to give the best in -
di ca tion of the orig i nal spe cies biodiversity. For the arborescent lycophytes, the
stem morphotaxa are re garded as be ing pro vid ing the clos est re flec tion of orig i nal
spe cies di ver sity (B. A. Thomas, pers. comm.). For the other groups, the morpho-
taxa of fo liage are probably the most reliable.

Pro duc tive Coal For ma tion

A to tal of 87 spe cies have been iden ti fied from the grey coal-bear ing parts of the
suc ces sion in the three coal fields. Of these, 60 have been iden ti fied from more than
one strati graphi cal level and are shown on the range chart (Fig. 3). The other 29 spe -
cies are listed be low ac cord ing to the strati graphi cal level where they occur:

Fire clay Coal: Lepidodendron acutum Presl;
Bench Coal: Corynepteris coralloides Gutbier;
New Mine Coal: Sigillaria cordigera Zeiller, S. nodosa Lindley & Hutton, S.

punctirugosa Kidst.;
Stink ing Coal: Renaultia chaerophylloides (Brongn.) Zeiller;
White Iron stone: Sphenopteris deltiformis Kidst.;
Thick Coal: Asolanus camptotaenia Wood, Sigillaria davreuxii Brongn., S.

decorata Weiss, S. nudicaulis Boulay, S. reticulata Lesq., Oligocarpia bron-
gniartii Stur, Nudospermopteris nummularia (Gutbier) Doweld;

Coseley 10 ft Iron stone: Asterophyllites charaeformis (Sternb.) Unger, Equi-
setites hemingwayii Kidst., Cosleya glomerata Kidst., Sphenopteris rutaefolia
Gutbier, S. souichii Zeiller, S. stonehousei Kidst., S. truncata Kidst., Corynepteris
similis (Sternb.) Kidst., Crossotheca hughesiana Kidst., Eusphenopteris grandis
(Keller) van Amerom;

6 ft (= c. 2 m) above Brooch Coal: Zeilleria hymenophylloides Kidst., Palaeo-
pteridium reussii (Ettingshausen) Kidst., Dicranophyllum anglicum Kidst.
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Etruria For ma tion

The Etruria For ma tion is largely bar ren of plant fos sils, the most no ta ble dis cov -
ery in re cent years be ing of an a tom i cally-pre served co ni fer re mains in the South
Staffordshire Coal field (Galtier et al., 1992). This pau city of plant fos sils is largely
put down to the low pres er va tion-po ten tial of these red-beds, the plant re mains hav -
ing rap idly ox i dized af ter burial. How ever, this can not be the to tal ex pla na tion, as
there are re cords of 27 morphospecies of plant adpressions from the Etruria For ma -
tion, most no ta bly by Arber (1916) (summarized in Tab. 2).

Halesowen For ma tion

The au thor, in a Nat u ral En vi ron ment Re search Coun cil (NERC) pro ject done in 
con junc tion with B. M. Besly (Uni ver sity of Keele), has re viewed the dis tri bu tion
of plant macrofossils in this in ter val. Some of the lithostratigraphical con clu sions
of this work have been pub lished (Besly & Cleal, 1997) and the de tailed palaeobo-
tanical re cords will be pub lished as a Tech ni cal Re port of the Brit ish Geo log i cal
Sur vey. Ta ble 3 sum ma rises the palaeobotanical iden ti fi ca tions that re sulted from
this study, which in cluded only ten taxa iden ti fied to the rank of spe cies, and a
further five generic identifications.

Salop For ma tion

As part of the same pro ject men tioned in the pre vi ous sec tion, the au thor has also 
re viewed the avail able ev i dence from the Salop For ma tion. The only macrofloral
ev i dence of any note was found in the Claverley Bore hole in the Wyre For est, at a
depth of 267 m (cor re spond ing to a level low in the Alveley Mem ber) where the fol -
low ing taxa were iden ti fied: Neuropteris ovata Hoffmann, Macroneuropteris
scheuchzeri (Hoffmann) Cleal et al., ?Odontopteris cantabrica Wag ner, Laveineo-
pteris rarinervis (Bunbury) Cleal et al.

Slightly lower in the same bore hole (261 m), still in the Aveley Mem ber there is
a spec i men of co ni fer twig iden ti fied by Flo rin (in a note ac com pa ny ing the spec i -
men) as Culmitzschia parvifolia, as so ci ated with some frag ments of Neuropteris
ovata and Laveineopteris rarinervis. Co ni fer frag ments were also seen at a depth of
344 m in the Birch Tree Farm Bore hole in the Warwickshire Coal field (Whitacre
Mem ber of the Salop Formation).

COM PAR I SON WITH CEN TRAL PENNINES MACROFLORAS

A com par i son with the macrofloral in ven tory for the cen tral Pennines (Cleal,
2005) shows a good agree ment. Ta ble 4 gives the Jaccard Co ef fi cients (i.e. the pro -
por tion of spe cies that are in com mon be tween the two ar eas) for the whole as sem -
blages, and for the ma jor plant groups. Be tween a third and a half of all of the spe -
cies oc cur in both ar eas, which may not seem that high. How ever, the de tailed
break down be tween plant groups shows that much of the ap par ent endemism be -
tween the two ar eas is due to the lycophytes and the sphenopteroid ferns, both of
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which tend to be of low abun dance and there fore par tic u larly vul ner a ble to sam -
pling prob lems. Among those spe cies that only oc cur in one or other of the two ar -
eas be ing com pared, very few are truly en demic, i.e. they are known to oc cur in ar -
eas other than the Pennines Ba sin. Of the more abun dant groups, no ta bly the
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Ta ble 2

Dis tri bu tion of macrofloral morphospecies within the Etruria For ma tion of the south ern
Pennines Ba sin. All lo cal i ties are in the South Staffordshire Coal field

un less oth er wise marked

134 m
above

Thick Coal

178 m
above

Thick Coal

224 m
above

Thick Coal

Upper
100 m of
'Old Hill
Marls'

'Within
200 yds

above 4ft
Coal'

(Titterstone 
Clee)

Four Ashes
(659 m)

Lepidodendron mannabachense + +

Lepidodendron worthenii +

Lepidophloios acerosus +

Sigillaria elongata +

Sigillaria mamillaris +

Sigillaria principis +

Sigillaria tessellata +

Annularia galioides + +

Annularia radiata +

Asterophyllites equisetiformis + +

Sphenophyllum cuneifolium + +

Sphenophyllum majus +

Sphenophyllum myriophyllum +

Renaultia crepinii +

Renaultia rotundifolia + +

Sphenopteris kayii +

Zeilleria avoldensis +

Lobatopteris miltoni + +

Senftenbergia plumosa +

Eusphenopteris obtusiloba + +

Alethopteris davreuxii + +

Alethopteris lonchitica + +

Macroneuropteris scheuchzeri +

Laveineopteris jongmansii +

Laveineopteris tenuifolia +

Laveineopteris loshii +

Cordaites principalis +



sphenophytes, tree-ferns and medullosaleans, over half of spe cies oc cur in both ar -
eas, and in many cases be tween two-thirds and three-quar ters are in com mon. From
this, it seems rea son able to con clude that the south ern Pennines and cen tral
Pennines ar eas formed a rel a tively coherent floristic unit during early and middle
Westphalian times.
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Ta ble 3

Dis tri bu tion of macrofloral morphospecies within the Halesowen For ma tion of the
south ern Pennines Ba sin. Each col umn rep re sents a macroflora from a sin gle bore hole at 
a de fined strati graphi cal depth. The fig ure given at the head of each col umn is the depth
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Lepidodendron sp. + + +

Lepidophloios sp. +

Asterophyllites
equisetiformis

+

Annularia sp. +

Sphenophyllum sp. +

Lobatopteris vestita + + +

Cyathocarpus
arborescens

+ + +

Oligocarpia gutbieri +

Eusphenopteris 
trigonophylla

+

Alethopteris ambigua + +

Alethopteris serlii +

Neuropteris ovata +

Macroneuropteris
scheuchzeri

+ + + + + + +

Laveineopteris rarinervis + +

Cordaites sp. + + +
1South Staffordshire; 2Wyre For est; 3Warwickshire



Of par tic u lar in ter est is the Jaccard Co ef fi cients for the lower Bolsovian
Substage. Here we are com par ing grey-beds of the Pro duc tive Coal For ma tion in
the cen tral Pennines with red-beds of the Etruria For ma tion in the south ern
Pennines. It might be ex pected that the dif fer ent fa cies might have had a sig nif i cant
im pact on the com par i son, but in fact it does not. For most plant groups, there is in
fact a greater sim i lar ity in the macrofloras than is seen in stratigraphically-lower
lev els where both ar eas are in the grey Pro duc tive Coal For ma tion. Only the
sphenopteroid-ferns and lyginopteridaleans show sig nif i cant dif fer ences, due to
the vir tu ally ab sence of these groups from the Etruria For ma tion of the south ern
Pennines. As pointed out by Besly & Turner (1983), the red den ing of the Etruria
For ma tion does not re flect an in crease in aridification of the area, but rather ox i da -
tion due to low ered wa ter-ta bles and im proved drain age. This un doubted had an ef -
fect on taphonomy and pres er va tion of the plant de bris, and prob a bly ex plains the
ap par ent low-di ver sity of the sphenopteroid ferns, which mostly had del i cate
fronds that were par tic u larly vul ner a ble to poor pres er va tion. For the other plant
groups, however, the effect of this secondary reddening was limited.

BIOSTRATIGRAPHY

The fol low ing anal y sis is based on the biostratigraphical scheme de vel oped by
Wag ner (1984) and sub se quently mod i fied by Cleal (1991) and Cleal & Thomas
(1994).

The lower part of the suc ces sion up to the Stink ing Coal and equiv a lent ho ri zons 
clearly be longs to the Lyginopteris hoeninghausii Zone, no ta bly through the pres -
ence of the epon y mous morphospecies. There is no ev i dence of the lower of the two
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Ta ble 4

Jaccard Co ef fi cients show ing level of sim i lar ity of the macrofloras of the cen tral and
south ern Pennines Ba sin. Data for the cen tral Pennines from Cleal (2005)

Middle-Upper
Langsettian

Substage

Lower-Middle
Duckmantian

Substage

Upper Duckmantian
Substage

Lower  Bolsovian
Substage

Other lycophytes 0.38 0.36 0.33 0.33

Sigillarians 0.18 0.33 0.57 0.60

Sphenophytes 0.20 0.57 0.67 0.60

Sphenophylls 0.33 0.40 0.67 0.67

Sphenopteroid ferns 0.32 0.34 0.21 0.00

Tree ferns 0.67 1.00 1.00 1.00

Lyginopteridaleans 0.43 0.56 0.45 0.00

Medullosaleans 0.40 0.75 0.73 1.00

Cordaites 1.00 0.75 0.33 0.50

TOTAL 0.36 0.46 0.49 0.36



sub units of the zone (Neuralethopteris jongmansii Subzone), as Laveineopteris
loshii, L. tenuifolia and Lobatopteris miltoni all range down to the low est level from 
which there is macrofloral ev i dence (the Bot tom Coal). This is com pat i ble with the
non-ma rine bi valve ev i dence, as the Bot tom Coal yields a ‘pseudorobusta‘ fauna
(Ramsbottom et al., 1978), mak ing it homotaxial with the Crow Coal in York shire,
which is well above the base of the L. loshii Subzone in that sequence.

The base of the Lonchopteris rugosa Zone is nom i nally placed at the base of the
Vanderbeckei Ma rine Band, al though the macrofloral change there is not strong.
This is com pat i ble with the ev i dence from the south ern Pennines Ba sin, as just be -
low this level Lyginopteris hoeninghausii dis ap pears, and Lonchopteris rugosa and 
Renaultia rotundifolia ap pear; also, just above this level, Paripteris pseudogi-
gantea appears.

A subzonal di vi sion of the L. rugosa Zone was sug gested by Cleal (1991) and
Cleal & Thomas (1994), but it could not be iden ti fied in the cen tral Pennines Ba sin
suc ces sion (Cleal, 2005) nor can it in the south ern part of the ba sin. The next ap par -
ent ma jor change in the south ern Pennines Ba sin suc ces sion is at about the level of
the Thick Coal and the Coseley 10 ft Iron stone. How ever, the taxa that ap pear here
are of ten found at lower ho ri zons in other coal fields and it is likely that this
biostratigraphical change in the south ern Pennines Ba sin re flects un even col lect ing 
at these dif fer ent stratigraphical levels.

The next ma jor biozonal bound ary in the stan dard scheme is the base of the
Paripteris linguaefolia Zone, marked mainly by the ap pear ance of taxa such as
Macroneuropteris scheuchzeri and Mariopteris nervosa. This can be re cog nised in
the south ern Pennines Ba sin at about the level of the Brooch Seam. This is again
com pat i ble with the ev i dence from the cen tral Pennines Ba sin (Cleal, 2005), where
this biohorizon oc curs at the Stan ley Main Seam; the roof shales of both the Stan ley
Main and Brooch Coals have yielded non-ma rine bi valves of the ‘atra‘ fauna of the
up per Lower Similis-Pulchra Zone (Ramsbottom et al., 1974).

The P. linguaefolia Zone is cur rently di vided into a lower Neuropteris semireti-
culata Subzone and an up per Laveineopteris rarinervis Subzone. The bound ary be -
tween the subzones was iden ti fied in the cen tral Pennines at about the Shafton Coal
(Cleal, 2005), but it can not be re cog nised in the south ern Pennines Ba sin. If it were
to oc cur here, it would be ex pected to be in the red-beds of the Etruria For ma tion,
which might bias the dis tri bu tion of the in dex taxa for the bound ary. On the other
hand, the num ber of taxa re corded from the Etruria For ma tion in the south ern
Pennines Ba sin is not that less than that re ported from the con tem po ra ne ous
grey-mea sures in the cen tral Pennines, sug gest ing that the ab sence of L. rarinervis
Subzone flo ras is biostratigraphically significant.

The macrofloras of the Halesowen For ma tion are of low di ver sity, but the spo -
radic pres ence of Alethopteris ambigua, A. serlii, Cyathocarpus arborescens, and
es pe cially of Lobatopteris vestita in di cate that they are not stratigraphically lower
than the Dicksonites plueckenetii Subzone of the L. vestita Zone. The Salop For ma -
tion has yielded even less macrofloral ev i dence, al though the pos si ble pres ence of
Odontopteris cantabrica tends to in di cate the zone of that name. A su per fi cial read -
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ing of the data might there fore sug gest that the lower half to two-thirds of the
Halesowen For ma tion is lower L. vestita Zone, the up per third to a half of the for -
ma tion up per L. vestita Zone (this based on the de tailed dis tri bu tion of L. vestita
within the for ma tion) and the Salop For ma tion is O. cantabrica Zone and maybe
higher. How ever, the macrofloras are so rare in these beds that a safer in ter pre ta tion
would prob a bly be that the Halesowen For ma tion is all within the D. plueckenetii
Subzone, and just pos si bly the Salop For ma tion may ex tend into the Stephanian O.
cantabrica Zone.

DI VER SITY ANAL Y SIS

Fol low ing a sim i lar ap proach to that used in the cen tral Pennines (Cleal, 2005)
and South Wales (Cleal, 2007), the To tal Spe cies Rich ness of the macrofloras
through the south ern Pennines Ba sin se quences have been cal cu lated and plot ted
(Fig. 4). There is clearly a broad sim i lar ity in the pat tern of changes ob served here
com pared to the cen tral Pennines, with a peak in the mid dle Duckmantian Sub-
stage, but there are also a num ber of dif fer ences that deserve some comment.

The di ver sity at the low est level for which we have data in the south ern Pennines 
Ba sin (the Bot tom Coal) is about half that found at homotaxial lev els in the cen tral
Pennines (such as the Crow Coal based on non-ma rine bi valve data – Ramsbottom
et al., 1974). This is prob a bly a com bi na tion of rel a tively poor sam pling and an
edge-ef fect in duced by the an a lyt i cal method used (for a sim i lar ef fect at the top of
the South Wales Coal field suc ces sion, see Cleal, 2007). The ap par ent low di ver sity
at the Bot tom Coal is due to small num bers of sphenopteroid fern spe cies, which
tend to be rare and can be un der-rep re sented in all but the best-sam pled macroflo -
ras. It is no ta ble that di ver sity in the south ern Pennines Ba sin has in creased to lev els 
com pa ra ble with homotaxial lev els in the central Pennines by the Fireclay Coal.

Whilst these new data con firm that edge-ef fect has to be taken into ac count
when in ter pret ing the ends of To tal Spe cies Rich ness curves, they can not pro vide
the whole ex pla na tion for the ob served low-di ver sity macrofloras in the lower
Langsettian part of the cen tral Pennines suc ces sion (Cleal, 2005). The York shire
macrofloras re main con sis tently low in di ver sity over sev eral strati graphi cal lev els
in the lower Langsettian Substage, be fore in creas ing sharply at the Better Bed Coal; 
this is in con trast to the south ern Pennines Ba sin where the di ver sity in creases im -
me di ately above the Bot tom Coal. The ev i dence clearly sup ports the view that the
clastic sub strate veg e ta tion in ear li est Langsettian times was truly low-di ver sity,
pre sum ably re flect ing relatively unfavourable conditions in these habitats.

As in the cen tral Pennines, To tal Spe cies Rich ness val ues of about 40 per
macroflora have been reached by the upper Langsettian Substage, and con tinue
through to the up per Duckmantian Substage; this rep re sents the ‘fully-de vel oped’
Coal Mea sures macrofloras of the Brit ish lit er a ture (e.g., Kids ton, 1923–1925;
Crookall, 1955–1976). As in both the cen tral Pennines and South Wales, there is a
brief but marked in crease in di ver sity in the middle Duckmantian Substage, at a
level in the non-ma rine bi valve lower Lower Similis-Pulchra Zone (‘caledonica’
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fau nal belt sensu Ramsbottom et al., 1974). If viewed in iso la tion, these peaks
might be dis missed as merely due to un even sam pling, but their pres ence in three
dif fer ent ar eas sug gests oth er wise. Fur ther more, the peaks are not ev i dent in all
plant groups, as would be ex pected if it were merely a sam pling ef fect. In the cen tral 
Pennines and South Wales, the peak is only sig nif i cant in spe cies of lycophyte,
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Fig. 4. Total Species Richness curves for the main plant groups in the southern Pennines Basin,
based on the range chart in Fig. 3. The three diversity intervals shown on the right-side of the figure are 
equivalent to the intervals identified in the Central Pennines Basin by Cleal (2005)



sphenopteroid fern and lyginopteridalean pteridosperms. In the south ern Pennines,
the sit u a tion is slightly more com plex, with higher num bers of lycophyte spe cies at
the Thick Seam, higher num bers of sphenopteroid fern spe cies at the Coseley 10 ft
Iron stone, and higher num bers of lyginopteridalean pteridosperms in both flo ras.
Nev er the less, the south ern Pennines data still seem to cor rob o rate a real and clear
in crease in plant di ver sity in the veg e ta tion represented in the macrofloral record
during middle Duckmantian times.

There is an ap par ent fall in To tal Spe cies Rich ness af ter the Brooch Coal in the
up per Duckmantian of the south ern Pennines. This co in cides with the on set of
red-beds of the Etruria For ma tion but, as pointed out ear lier, this prob a bly did not
have a sig nif i cant ef fect on the orig i nal veg e ta tion at least of the clastic sub strates;
the red den ing of the Etruria For ma tion was due to im proved drain age of the area
rather than aridification (Besly & Turner, 1983). Whilst this has had an un doubted
ef fect on taphonomy and pres er va tion of the plant de bris, and thus of the abun dance 
of plant fos sils in the se quence, the ef fect on the orig i nal veg e ta tion was prob a bly
less marked. There is lit tle dif fer ence in the To tal Spe cies Rich ness in the Etruria
For ma tion macrofloras com pared with homotaxial lev els within the cen tral Penni-
nes (e.g., that as so ci ated with the Shafton Coal). There is also no ev i dence in the
south ern Pennines of a ma jor change in the bal ance of plant groups within the
macrofloras, such as ob served to wards the very top of the cen tral Pennines Coal
Mea sures For ma tion. The di ver sity changes ob served above the Brooch Coal in the
south ern Pennines may thus be cor re lated with the com pa ra ble changes ob served in 
the up per most Duckmantian part of the cen tral Pennines (the Late Me dium Di ver -
sity In ter val sensu Cleal, 2005), and may reflect regional or even climatic changes
taking place at this time.

There is no sig nif i cant dif fer ence in spe cies di ver sity be tween the Halesowen
For ma tion of the south ern Pennines and cen tral Pennines Ba sin, both of which ap -
pear to be much less di verse than at homotaxial lev els in South Wales (Cleal, in
press). How ever the scar city of macrofloras any where within the Halesowen For -
ma tion makes it im pos si ble to draw any mean ing ful con clu sions from species
richness values.

CON CLU SIONS

The macrofloral ev i dence sup ports the view that the Pennines Ba sin as a whole
rep re sented a co her ent floristic unit dur ing early and mid dle Westphalian times, at
least for the clastic-sub strate veg e ta tion. The com po si tion of the veg e ta tion was
broadly sim i lar, es pe cially for the more abun dant plant groups, and there are
broadly sim i lar changes in spe cies di ver sity in the two ar eas. The on set of red-bed
for ma tion in the south ern part of the ba sin in early Bolsovian times caused en -
hanced sub strate ox i da tion and macrofloras are less widely found here. Where they
do oc cur in these red-beds, how ever, they do not dif fer sig nif i cantly in com po si tion
or spe cies di ver sity com pared with the con tem po ra ne ous grey-beds of the central
part of the basin.
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The ev i dence from the south ern part of the ba sin also sup ports the view that the
low-di ver sity macrofloras ob served in the basal Langsettian and up per Bolsovian
parts of the Cen tral Pennines suc ces sion is not just due to edge-ef fect. The late
Namurian and ear li est Westphalian veg e ta tion of the Pennines Ba sin was truly of
low-di ver sity, pre sum ably re flect ing rel a tively un fa vour able con di tions on the
clastic sub strates dur ing the tran si tion from ma rine to ter res trial en vi ron ments.
Sim i larly, the ob served drop in macrofloral di ver sity dur ing late Bolsovian times
re flects de clin ing di ver sity in the par ent veg e ta tion, prob a bly due to the progressive 
drying-out of the environment.
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