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The differentatian of the Hirnan tia fauna in to two or more associations has been 
possible in the Hirnantian of Wales and Norway . The Hirnan tia fauna s. l. is 
shown to have occupied a rather wide bathymetric range on late Ordovician shel­
ves. In North Wales, Rawtheyan shelly faunas are used as evidence indicating a 
p alaeoslope dipping gently to the west in the vicinity of the Berwyn Hills; bra­
chiopod dominate d ,  plectambonitacean/dalmanellid faunas pass westward into 
sparse trilobite-dominated faunas. Slumped deposits indicate the shelf/basin 
transition was south-west of Bala. The Hirnan tia fauna in the nearer shore envi­
ronments of the east Berwyns is dominated by Hindella while the more offshore 
environments to the west have Eos tropheodon ta and Hirnan tia. Palaeogeographi­
cal and sedimentological evidence from the Oslo-Asker district of Norway con­
firms the inner shelf position of Hindella dominated assemblages and the deeper 
shelf position of the Hirnan tia association. A third, intermediate , Dalmanella 
association has also been recognised. The fauna! associations which together 
comprise the Hirnan tia fauna s. l. appear similar in nature to bra chiopod-domi­
nate d associations of communities recognised at other horizons in the Lower 
Palaeozoic. 

Nearly all the assemblages recorde d in North Wales can be assigned to the Hir­
nan tia fauna, but in the formerly more tropical area of Norway there were , in 
addition to the Hirnan tia fauna, two offshore associations, the Onniella and 
Holorhy nchus associations and two nearshore associations in carbonate fa­
cies , the Bre vila mnulella and Thebesia associations. Sandy shoreface facies char­
acteristically contain the trace fossil Monocra terion. 

The distinctive features of the Hirnan tia fauna are discussed , and it is conclu­
ded that the fauna was probably a cold water fauna. 

Pa trick J. Brenchley; Brian Cul/en ,  Departme n t  of Geology, Un iversity of L iver­
pool. P. O. Box 1 4 7, L iverpool L 6 9  3BX. 

The Himantia fauna is a brachiopod-domina­
ted fauna which is charactelistically found in 
the uppermost part of the Ordovician (i .e .  the 
Hirnantian Stage ). The fauna has attracted spe ­
cial attention and a special designation because 
elements of the fauna are unusually widespread. 
Even when the continents are reassembled in to 
a probable late Ordovician configuration, the 
Himantia fauna is still found at sites which 
were widely separated and ranged from circum­
polar to near tropical positions, though it is 
more common in the former (Jaanusson 1 979). 

The core of the Himan tia fauna is composed 
of several eurytopic genera, such as the brachio­
pods Himantia, Eostropheodon ta, Kinne/la, 
Plectothyrella, and the trilobites Mucronaspis 
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and Brongniartella, which also have a wide geo­
graphical distribution . At any particular loca­
lity there may be, in addition, several endemic 
taxa (Lesperance 1 97 4 ) . The differing abundan­
ce of genera and species at different locations 
has been noted by Temple ( 1 965 ), Bergström 
( 1 968), Wright ( 1 968), Lesperance ( 1 974), 
Cocks & Price ( 1 975)  and Harper ( 1 9 8 1 ) . A 
subdivision of the Himantia fauna into distinct 
associations has been made in China by Rong 
( 1 979), in Scotland by Harper ( 1 9 8 1  ) , and in 
Seandinavia by Brenchley & Cocks ( 1 982).  In 
some regions there are, in addition to the Hir­
nan tia fauna, other distinct assemblages .  For 
example, an association characterised by Holo­
rhynchus is found at localitie s as separates as 
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China (Rong 1979) and Seandinavia (Jaanus­
son 1979, Brenchley & Cocks 1982), while 
other associations confined mainly to earbona­
te facies are recorded by Amsden (1974) from 
the U.S.A. and Brenchley & Cocks (1982) from 
Sean din avi a.  

Although the variability of the Himan tia 
fauna has been weil described ,  there is still little 
information about how this variability is rela­
ted to environmental parameters , or indeed 
about the environmental range of the fauna as a 
whole . Wright (1968) noted the presence of the 
fauna, in association with oolites at Bala,  North 
Wales, and in association with reef Iimestones 
at Kildare , in Ireland,  and concluded that the 
fauna lived in a shallow water environment . 
Furthe r ,  the restricted di versity of some assem­
blages strongly suggested a lagoonal type of 
environment (Wright 1968). Reinvestigation of 
Himantian sediments in North Wales suggest 
that the oolites near Bala lie in channels and 
were probably allochthonous,  while the late 
Ordavieian bioherms, such as those at Kildare 
in Ireland,  Keisley in northern England and Boda 
in Sweden are carbonate mud mounds and 
not organic fraruework reefs .  The evidence that 
the Himantia fauna lived in a shallow water en­
vironment is therefore questionable . An alter­
native view is that of Sheehan (1979) who has 
suggested that the Himantia fauna in Väster­
götland , Sweden , can be assigned to benthic 
assemblage 4 (cf. Boucot 1975), implying a mo­
derately deep shelf environment for the fauna. 

The purpose of this paper is to assess the en­
vironmental range of the Himantia fauna in the 
Upper Ordavieian of North Wales and southern 
Norway, and to show that the fauna in both 
areas can be sub -divided into associations which 
were depth related and similar in nature to pa­
laeocommunities described from other levels in 
the Lower Palaeozoic . The distinctive features 
of the Hirnantia fauna are then discussed .  

Faunal Associations i n  North Wales 

The Hirnantia fauna is found at more than ten 
localities in the Himantian rocks of North Wa­
les (F i g .  l )  and fauna! lists have been published 
for Bala (Bassett et al. 1966) and Glyn Ceiriog 
(Hiller 1981). The main elements of the fauna 
found at selected localities are shown in Table 
l .  Study of this shows that Hirnantia, Eostro-
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pheodonta and Dalmanella occur in most loca­
lities but Eostropheodonta, Hirnantia, Ban­
ero/tina and Pleetothyrella are particularly 
common in the western localities, around Bala, 
whereas Hindella is the dominant brachiopod 
at the eastern localities ,  such as Meifod and 
Llanfyllin, where Pleetothyrella is absent. We 
will refer to these western and eastern associa­
tions as the Himantia associations and Hindel­
la associations respectively. 

The Hindella association has , in addition 
to the core genera Hindella, Dalmanella, Hir­
nan tia and Eostropheodonta, a !arge number 
of corals , bryozoa and molluscs ,  together with 
a relatively !arge number of other brachiopod 
genera. This association is therefore conside ­
rably more diverse than the Hirnan tia associa­
tion . 

In the most easterly area ,  near Glyn Feiriog, 
fauna! assemblages are found which are similar 
to the Hindella association in having !arge num­
bers of solitary corals and bryozoans although 
they lack Hindella itself. Instead ,  Hesperorthis 
and Nieoleila are particularly common , and sin­
ce these rather variable and undoubtedly near­
shore assemblages cannot be assigned to the 
Hindella association they are termed orthid­
eoral assemblages .  

Assemblages in  the west Berwyns are geo­
graphically intermediate between the eastern 
and western regions and have some simHarities 
with both the Hindella and Hirnantia associa­
tions . Although Hindella is common i t does not 
dominate the fauna to the same extent as at 
Meifod or Llanfyllin, and the number of gene­
ra making up the brachiopod fauna increases to 
a maximum of 12 with poorly preserved 
? Platymena being the dominant member of the 
fauna. 

The Hirnantia association as seen in the type 
area for the Hirnantian Stage , Bala,  consists al­
most wholly of the brachiopods Hirnantia, 
Eostropheodonta, Baneroftina and Pleetothy­
rella (Temple 1965; Wright 1968; Cocks & Price 
1975), although bivalves also occur in conjunc­
tion with the Hirnantia fauna at a few locali­
ties . 

One of the most notable features of the Hir­
nan tia association is the almost complete ab­
sence of corals and bryozoans which are so 
common in the more easterly faunas . The asso­
ciation has a low diversity even though the 
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Fig. l. L ocation of selected localities for Rawtheyan and Himantian faunas in North Wales. Outcrop of Ordovi­
cian rocks shaded. 

number of specimens found at Bala is large . 
Beyond the areas where the brachiopod-do­

minated Hirnan tia fauna occurs there are sec­
tions where Himantian faunas are trilobite­
dominated .  Usually only the single genus, Dal­
manitina is present although it is often repre­
sented by specimens of unusually large size . 
Lesperance ( 1974) refers to a Mucronaspis 
(Dalmanitina)-Hirnantia fauna as a combination 
of the trilobite and brachiopod-dominated Hir­
nantia faunas . The Welsh localitites have main­
ly yielded Dalmanitina on its own and it ap­
pears that in Wales the Hirnantia fauna (s.s.) 
and the Dalmanitina hearing assemblages are 
separate entities .  

Palaeogeographic distribution of the 
Hirnantia faunas in N orth Wales 

The Himantian faunas under discussion all oc­
cur at localities which lay within the Welsh ba-

sin . This was a fault-bounded trough in which a 
large volume of sediment accumulated ,  al­
though during the Ordavieian the faults did not 
always mark the topographic divide between 
shelf and basin . In mid-Caradoc times ,  for ex­
ample , a shallow shelf extended fully across the 
northem part of the basin . Further south the 
transition from shelf to b asin lay near Bala, 
same 4 0  km west of the Church Stretton Fault 
(Brenchley & Pickerill 1980) and the topogra­
phic basin occupied only the medial part of the 
overall fault-bounded trough. 

The Ashgill palaeogeography was apparent­
ly broadly similar to that of the middle eara­
doc as shown by the occurrence of varled bra­
chiapad and tri1obite shelf faunas across the 
northem part of North Wales as far west as 
Bala ,  whereas graptolitic or unfossiliferous mud­
stones occur beyond Bala (Fig. 2 & 3). It is 
possible to determine a more detailed palaeo­
geography for Rawtheyan times based on the 
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Fig. 2. Simplified stratigraphical columns and environmen tal in terpretations for seetians through the Upper 
Ordavieian and lowermost Silurian in North Wales. 

composition of the benthic faunas which can 
be divided into a number of broad fauna! as­
semblages . The more easterly faunas , as illu­
strated by sections near Glyn Ceiriog (Fig. 2) ,  
consist of brachiopods , corals , trilobites ,  b ryo­
zoans and molluscs (Table 2) found in fine 
sandstones which were deposited in a shallow 
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shelf environment. There is also some localised 
development of earbonates in this area and the 
substrate is generally coarser than in the more 
western areas . The most striking feature of 
these inshore assemblages is the high propor­
tion of solitary corals and molluscs which on­
ly occur rarely in the more offshore assemb-



lages .  Table 2 shows that a number of eur y­
topic brachiopo d genera , particularl y Sowerby­
ella an d Dalmanella, occur in most of the areas 
investigate d in North Wales .  However these two 
brachiopo d genera are particularly dominant in 
the brachiopo d assemblages at Meifo d  an d Llan ­
fyllin where they account for more than 50% 
of the total preserve d biota. These assembla ­
ges are assigne d to  a Sowerbylla-Dalmanella 
association . Tri! obites are present in the asso­
ciation at some localities bu t the number of tri ­
lobite genera is relativel y small an d the fauna is  
generally dominate d b y  brachiopo ds .  

Purther west near Lake Vr ynw y in  the wes ­
tern Berw yns there is a more varie d fauna 
which inclu des  brachiopo ds ,  trilobites an d 
abun dant bryozoa . The high proportion of arti ­
culate d brachiopo d valves an d associate d un­
broken br yozoans probabl y reflect quiet water 
con ditions .  It is suggeste d that the mixe d 
brachiopo d assemblages live d in the outer part 
of the mi dshelf. The faunas from areas further 
west are often ver y variable but ma y be place d 
into two main t ypes ,  namel y diverse trilobite ­
dominate d faunas such as those at Llan ystum ­
dwy, n ear Criccieth (Price 1981) an d in the 
Rhiwlas Limestone at Bala ( Bassett et al. 1966) , 
an d sparse mixe d brachiopo d-trilobi te faunas 
such as those at Conwav . In the Bo dei dda mu d­
stones (Cautleyan-Rawtheyan) at Conway on! y a 
few genera of brachiopo d  are present (see Table 
2) an d these are generall y small an d thin-shel ­
le d. Christiania is the dominant brachopod an d 
is locall y abun dant at Conway but is rare at all 
other localities . There are in a ddition several 
genera of trilob i tes notabl y Tretaspis, in greater 
abun dance than in most other western loca ­
lities .  One striking feature of the sparse mixe d 
fauna is the almost total lack of an y fauna 
other than brachiopo ds an d trilobi tes .  

I n  the basinal areas such a s  Dinas Maw ddw y  
only a ver y  sparse fauna i s  foun d i n  the Raw ­
theyan se diments . The fauna is most usuall y 
graptolitic an d trilobites are onl y rarel y foun d. 

It is believe d that the fauna! associations 
foun d in the Rawthe yan are similar in nature 
to the depth-relate d associations describe d  from 
other horizons in the Ordovician . A Dalmanel­
la-Sowerbyella association is generall y regar de d  
as being an inner shelf association (Pickerill & 
Brenchle y 1979 ; Hurst 1979;  Lockle y 1983 ) , 
while assemblages with genera such as Eoplecto-

donta an d Christiania are regar de d  as in dica ­
ting a deep shelf environment (Williams & 
Wright 1981; Brenchle y & Cocks 1982) . Trilo ­
bite -dominate d assemblages  which pass later­
all y into graptolitic faunas woul d be consistent 
with an environmental range from slope to ba ­
sin . 

The rathe r monotonous Rawthe yan mu dsto ­
nes which mantie !arge parts of both the shelf 
anå basin were succee de d  b y  a varie d suite of 
Hirnantian se diments deposite d during a peri od  
of low stan d sea leve! (Fig . 2). The eastern areas 
are characterise d b y  sheet San dstones an d thin 
l enses of conglomerates which were deposite d 
in channels ero de d  into the Rawthe yan mu d­
stones .  

The orthi d-eoral assemblages dominate d b y  
Hesperorthis or Nieoleila occur in thin ripple ­
laminate d fine san dstones of the Glyn Forma­
tion (Rawthe yan- Hirnantian) near Gl yn Ceirog 
(Fig. 2). These assemblages may have been 
transporte d from further east an d may there ­
fore be representatives of faunas which live d 
inshore of the Hindella association . The ove r ­
all character o f  the Gl yn Formation is strong ­
l y  suggestive of deposition within a wi de chan­
nel develope d near the shoreface . 

The Hindella association also occurs within 
similar channel-fill San dstones an d there was 
probabl y some transport of fossils ,  which 
makes it difficult to determine the exact en ­
vironmental position of the fauna. Howeve r ,  
the ratio of opposing valves for the brachiopo ds 
is very close to unit y an d no !arge net transport 
is in dicate d. The Hindella association probah­
ly inhabite d a shallow shelf environment an d 
ma y have live d in or close to the channels in 
which the association is commonl y foun d. The 
Himantia association as seen at Bala (Fig. 2) 
is almost certainly autochthonous an d occurs 
in mu dstone in an ou ter shelf position although 
water depth was probabl y not great .  The Hir­
nantia association also occurs in san dy facies 
an d in oolitic Iimestones ( Hirnant Limestone). 
The ooi ds of the Hirnant Limestone are almost 
certainl y allochthonous but the fauna collect ­
e d  from the limestone an d the surroun ding 
mu dstones is not s ignificantl y different an d the 
fossils in the limestone do not show an y evi­
dence of bei ng transporte d over a great distan ­
ce , since they are mainly unbroken an d oppos­
ing valves occur in similar numbers . The fauna 
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A 

K E Y  TO (A )  K E Y  TO ( B )  

Mixed cora l - bryozoan - brachiopod - trilobite fauna 

Sowerbyel l id - dalmanel l id Association 

o M ixed carbonate fac1es 

Sand facies 

M ixed brachiopod - tri lobite fauna S i lt and mud facies 

Sparse mixed faunas + tri lobite dominated faunas 

Sparse tri lob ite faunas + graptol ite fau nas 

Fig. J. Palaeogeographic reconstruction of the Northern part of the We/sh Basin during the Rawtheyan (A}  and 
Hirnantian (B} stages,  showing distribution of the fauna/ associations. 
Locations: B =  Bala, C =  Corwen , Ca = Conway, Cr = Criccieth , D =  Dinas Mawddwy, Ge = Glyn Ceiriog, Il = 
Holyhead, L = Llanfyllin , M =  Meifod, T =  Towyn,  WB = Western Berwyns. 

was probably derive d from t he a djacent mu ds 
an d swept i nto the c hannel during the depos i­
tion of t he ooi ds .  

The Dalmanitina assemblage occurs a t  Con-
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way 1 .2 m below the base of the Conway C ast le 
G rits (F ig .  2) whic h are a series of c alc are ni t ic 
proximal turbidites conta in ing an al loc htho­
nous Hirnantia fau na transporte d from the 



Orthid - cora/ Assem. 

Associations of the Hirn antia fauna 
in the Oslo region 

Three associations belonging to the Himantia 
fauna have been recognised at the very base of 
the Hirnantian in the Oslo-Asker district of 
southeastern Norway (Brenchley & Cocks 
1 982). They are the Himantia association s. s. , 
the Dalmanella association and the Hindel/a­
Clifton ia association . Several genera are com­
mon to the three associations but they are pre ­
sent in very different proportions. 

(a) In addition to the three associations of the 
Himantia fauna there are four other associa­
tions present in Hirnantian rocks of the Oslo­
Asker district. An Onniella association persis­
ted from the Rawtheyan into rocks probably 
belonging to the lower part of the Hirnantian, 
a Holorhynchus association is locally present 
in the area in the middle part of the Hirnan­
tian , and two associations, the Thebesia asso-

� Grainstone carbonate 

[J] sand 

(b )  ciation and the Brevi/amnu/el/a association , are 
found in shallow marine facies as the to p of the 
Hirnantian stage (Brenchley & Cocks 1 982). 

. Mud 

D Calc mud = shales with nodular limestene 

m silt 

Fig. 4. Reconstructions of the environmental distri­
bution of Hirnantian fauna[ associations in (aj 
North Wales and (b) Oslo -Asker district, Norway. 

west . These turbidites accumulated in a sub­
marine fan when sea-leve! fell in Hirnantian ti­
mes . The Dalmanitina assemblage would have 
been the local autochthonous fauna occurring 
in mudstones of the deep shelf. The Dalmaniti­
na assemblage also occurs in the Foel-y-Ddinas 
Mudstones (Hirnantian) at Dinas Mawddwy 
(Fig. 2) but the same formation when traced 
laterally contains the Himantia association 1 8  
km to the north east at Bala.  The Dalmanitina 
assemblage appears to have occupied a position 
further down the palaeoslope that the Hirnan­
tia association . The environmental distribution 
of the Himantia fauna in North Wales is surn­
marised in Fig. 3. 

Palaeogeographical distribution of the 
Hirnantia fauna in the Oslo region 

In Ordavieian times an extensive , relatively 
shallow marine platform occupied the Baltic 
region and extended about 1 500 km from west­
ern Norway to eastern Estonia . The western 
margin of the platform was raised to form a pa­
laeoslope which dipped gently eastwards to­
ward the central part of the platform . The 
Oslo-Asker district lay on this gentie palaeo­
slope which influenced the nature of the sedi­
ments . In the west of the district these were 
more richly fossiliferous and calcareous than 
those in the east (Kirer 1 902 ; St0rmer 1 96 7; 
Brenchley & Newall 1 980). A broadly similar 
palaeogeography persisted into early Hirnan­
tian times when block faulting of the base­
ment coupled with a probable glacio-eustatic 
lowering of sea leve! radically changed the dis­
tribution of facies. 

The three associations of the Himantia fauna 
known from the Oslo-Asker district are all 
found in bioturbated shelf mudstones which 
lie in a regressive sequence below sandy shore ­
face sediments . 
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The Hindella-Cliftonia assoctatiOn is foun d 
in an up-slope position , in relatively calcareous 
mu dstones (Fig . 4b ), the Himantia association 
is foun d downslope in more argillaceous se di ­
ments to the east  an d the Dalmanella associa ­
tion occurs i n  an interme diate position (Fig. 
4b) .  The presence of many articulate d valves 
of Cliftonia an d Hindella, an d a weil preserve d 
Iife assemblage of the latter in dicate that the 
Hindella-Cliftonia association probably live d be ­
low wavebase , while the other associations pre ­
surnably live d in somewhat deeper parts of the 
shelf. Some elements of the Himantia fauna are 
foun d stratigraphically higher in the se quence 
where she l f mu dstones pass upwar ds in to shore ­
face san dstones .  Hirnantia, Eostropheodonta, 
Hindella an d Plectothyrella are foun d associa ­
te d with Trematis, corals an d bivalves in silt y 
an d san dy se diments reflecting an environment 
near the bottom of the shoreface (Brenchley & 
Cocks 1982) . The shoreface , an d associate d se ­
diments deposite d in ti da! channels ,  have trace 
fossils such as Monocraterion, but most lack 
body fossil s ,  except for the local presence of 
the Thebesia an d Brevilamnulella associations .  
Both of these associations are foun d i n  co qui ­
nas forme d of locally transporte d valves depo ­
site d in channels (Fig. 4b ) .  

The Onniella an d Holorhynchus associations 
are both foun d in bioturbate d shelf mu dsto ­
nes .  The former is believe d to have occupie d a 
deep shelf environment while the latter may 
have live d in an inner shelf environment com ­
parable to that occupie d by Pentamerus in the 
succeeding Silurian (Brenchley & Cocks 1982). 

In conclusion , the position of the Riman­
tian fauna in a regressive se quence , below shore ­
face se diments , provi des convincing evidence of 
a shelf environment for the fauna . Although 
some elements of the fauna probably Ii ve d close 
to the shoreface , the shallowest of the well ­
define d associations ,  the Hindella-Cliftonia as ­
sociation , t ypically occurre d below wave base 
an d the other two associations in positions 
sli ghtly further down the palaeoslope . Co-exis­
ting with the Hirnantia fauna but living in other 
parts of the shelf were the Onniella an d Holor­
hynchus associations. se diments of the shore ­
face generally only supporte d a fauna recorde d  
as trace fossils but two low diversity an d local ­
ly re stricte d associations ,  the Thebesia an d Bre­
vilamnulella associations ,  colonise d shallow 
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maine , channel environments . 

Discussion 

The eight associations in the Hirnantian of the 
Oslo-Asker district are believe d to have been 
eight distinct biofacies representing ei ght biotic 
communities .  This degree of partitioning of the 
shelf biota in to associations appears comparable 
with that foun d lower in the Or davieian where 
about six associations, exclu ding ichnofacie s ,  
are t ypical of the Cara doc (Lockley 1983). Si ­
milarl y, ab out five brachiopo d  associations are 
t ypicall y foun d in Lower Silurian shelf se di ­
ments (Ziegler 1965). The presence o f  oolites 
an d reefs in the Upper Ordavieian of the Oslo 
region , Norway , supports the limite d palaeo ­
magnetic data i n  placing Baltoscan dia i n  o r  near 
the sou the m tropics (c f. Ziegler et al. 1977). The 
variety of associations coul d therefore be a 
feature of the Or davieian tropics .  

In  North Wales ,  an area which was probably 
more temperate , there were no clearly define d 
associations in a ddition to the Himantia fauna, 
but the fauna itself, can be sub -divide d  into two 
associations .  Other nearshore assemblages 
appear distinctive in being coral-bivalve rich an d 
may represent a separate association . In deep 
shelf or slope environments assemblages gene ­
rall y lack brachiopo ds an d are characterise d by 
the trilobite Dalmanitina. There were therefore 
only two brachiopo ds associations in the Hir ­
nantian which contrasts with the six i n  the Ca­
ra doc of the same region . Elsewhere in the 
worl d there is insufficient information on the 
environmental distribution of late Ordavieian 
faunas to determine whether or not there were 
several co-existent biofacies in any particular 
are a .  However ,  the lack of evi dence may in i t ­
self be si gnificant an d might suggest that the 
differentiation of the Hirnantian biota into 
associations was not pronounce d outsi de the 
Ordavieian tropics . 

The associations of the Hirnantia fauna 
apparentl y occupie d an environment which ran ­
ge d from the inner to the deep shelf, an d coul d 
be assigne d to benthic assemblages three ,  four 
an d possibl y five accor ding to the scheme pro ­
pose d b y  Boucot (1975). 

Several of the species of the Hirnantia fau ­
na are eur ytopic an d are present in all the asso ­
ciations .  Eurytopic species are not uni que to 



the Himantia fauna but are found in earlier 
Ordovician associations. For example, Howel­
Iites antiquior and Sowerbyella sericea are 
found in at !east three associations in the eara­
doc of North Wales (Pickerill & Benchley 1 979 ;  
Lockley 1 980) and the inarticulate brachiopod, 
Paracraniops doyleae is found in as many as 
eight associations in the Caradoc of Shropshire 
(Hurst 1979) .  However, in both these areas 
there are no species, except Paracraniops doy­
leae, which have a range across most of the 
shelf, as is the case for several species of the 
Himantia fauna. 

The characteristic genera and species of the 
Himantia fauna are not only eurytopic, as 
noted above, but are also cosmopolitan (Lespe­
rance 1 974; Rong 1 979 ;  Jaanusson 1 979) .  Bra­
chiopod faunas in general became progressive­
ly more cosmopolitan during the late Ordovi­
cian and though there were still local, endemic 
species in Himantian times, fauna! provinces 
were no longer clearly differentiated (Jaanus­
son 1979) .  The existence of this cosmopoli­
tan fauna at a time when there was a !arge polar 
ice cap, and therefore probably weil developed 
elirnatic belts, is unexpected (Lesperance 
1 97 4 ) .  It does not apparently conform with the 
models of Valentine ( 1 973), which prediet that 
faunas should be particularly weil differentia­
ted when global elimates are most strongly con­
trasted .  One possible explanation of this appa­
rent anomaly is that the Himantia fauna was a 
cold water fauna as suggested by Sheehan 
( 1 979) and that during the late Ordovician gla­
ciation the temperate elirnatic belts contracted 
to such an extent that cool oceanic waters ex­
tended from the poles to areas which were for­
merly tropieal (Skevington 1 974, Sheehan 
1 979) . 

The evidence for the Hirnantia fauna being a 
cold water fauna is : 

l . It characteristically occurs in areas which 
were previously occupied by faunas of the 
Mediterranean Province, and is composed of 
some genera which have Me di terranean origins 
(Jaanusson 1 979 ; Sheehan 1 979) .  The Medi­
terranean fauna probably occupied a temperate 
or circum-polar position (Spjeldnres 1 96 1, 
1 98 1 ;  Havlicek & Vanek 1 966) . . However the 
evidence is not conclusive . There had been a 
progressive breakdown of provindal barriers 
from mid-Ordovician times onwards, probably 

related to changes in the geography of the con­
tinental plates, so that by the late Ashgill there 
was a general increase in the number of pande­
rnie genera (Williams 1 973) .  The Himantia fau­
na is found in areas weil outside the former 
Mediterranean province and in addition to cos­
mopolitan genera of Mediterranean origin (e .g. 
Himantia, Drabovia) there are several new pan­
demic genera (e .g. Plectothyrella, Eostropheo­
donta) and other pandernie genera persisting 
from earlier times (e .g . Dalmanella, Banerott­
ina c .f. Havlicek 1 976). The Himantian was 
thus a time when cosmopolitan genera flourish­
ed, some of which were of Mediterranean ori­
gin. 

2 .  The Himantia fauna shows, in common 
with the Mediterranean fauna (except in the 
mid-Ashgill) a rather low diversity of brachio­
pod species, but a eurytopism of these spe­
cies .  It is likely that the cool water faunas in 
the Ordovician were generally poorly differen­
tiated into associations and were geographical­
ly widespread. This is consistent with many 
colder water faunas at the present day which 
tend to have generalist species and fewer asso­
ciations (V alentine 1 973 ; 26 1, 365) .  

The evidence against the Hirnantia fauna 
being a cold water fauna is that i t is found in a 
few sequences, such as those in the Oslo re­
gion, with characteristically tropieal facies, in­
cluding oolites. Howeve r, in the se sequences the 
Hirnantia fauna is confined to clastic facies and 
is not found in the warm water carbonates, so 
the fauna could have colonised the shelf area 
during the colder phases of the Himantian . 

Although the evidence is inconclusive we be­
lieve it  favours a cold water environment for 
the Himantia fauna. It might therefore be sig­
nificant that at the end of the Himantian, when 
the ice cap melted and a warmer regime was 
probably initiated, there was an extinction of 
most of the remaining remnants of the Medi­
terranean trilobite fauna and the early Silurian 
diversification of the brachiopods came not 
from Mediterranean stocks, but from the more 
tropical, Hibemo-Salairian faunas (Jaanusson 
1 979).  It therefore appears that the cold water 
cosmopolitan Himantian fauna of the late Or­
dovician might have been replaced by cosmo­
politan, but warm water faunas in the Silurian . 

1 2 1  



Table l .  Composition of the Hirnantian fauna/ associations based on assemblage s at selected localities in North 

Wales, percentages refer to percentages of total fauna. Diversity is measured by the number of taxa in an 

assemblage. Locations refer to those marked on Figure l .  

BALA W. BER WYNS LLANFYLLIN MElFOD GL YNCElRIOG 

Brachiopods 

Hirnantia 21.1% 11.2% 13.8% 19.8% 5.9% 

Eostropheodonta 32.1% 11.2% 8.9% 2.0% 

Dalmanella 6.8% 5.2% 5.1% 5.5% 13.7% 

Plectothyrella 5.0% 2.2% 

Hindella 9.0% 25.1% 20.3% 

Kinneila 3.6% 4.5% 0.5% 

Bancroftina 23.3% 0.7% 

Sowerbyella 0.4% 2.2% 3.1% 3.9% 

Christiania 1.6% 

Diambonia L O% 

Leangella 0.5% 

Rhychotrema 0.7% 1.5% 2.0% 

Plaesiomys 0.7% 

Leptaena 2.0% 

Resperorthis 21.5% 

Dalerorthis 7.8% 

Sampo 2.0% 

Platymena 20.8% 

Epitomyonia 0 .7% 

Orthambonites 3.9% 

rhynchonellids 5.2% 

C nidarians 
streptelasmatids 34.4% 11.9% 15.6% 

favositids 12.8% 2.0% 

conulariids 0.7% 

Bryozoa 
H allopara 6.1% 20.9% abundant 27.7% 3.9% 

trepostorne 1.1% 

dendroid bryozoans 0.5% 3.9% 

Molluscs 
bivalves 1.5% 0.5% 2.0% 

gastropads 0.5% 0.5% 

Others 2.4% 0.5% 2.3% 10.2% 

TOTAL 100.2% 99.1% 99.9% 99.9% 100.3% 

Diversity 11 18 14 15 17 

Sample size 
(number of individuals) 280 134 206 202 55 

1 22 



Table 2. Oecurrenee of the eommoner elements of the Rawtheyan faunas at loealities in North Wales shown in 
Figure l. 

Glyn Ceirog Meifod Llanfyllin W. Berwyns Corwen Conway 
Braehiopods 

Dalmanella 9.3% 49.5% 11.4% 12.9% 10.9% 10.9% 
Sowerbyella 0.8% 2.8% 59.6% 5.8% 31.3% 17.4% 
A nisopleurella 7.3% 1.2% 2.3% 2.2% 
Dalerorthis 2.3% 0.8% 3.1% 
Ch ristiania 2.8% 37.0% 
Saukrodietya 0.8% 1.8% 0.4% 1.2% 
Skenidioides 1.6% 0.4% 7.0% 0.8% 
Orthambonites 6.4% 3.1% 1.2% 
G/y p torthis 2.4% 10.5% 3.9% 
Sehizophorella 2.3% 
Trip/e sia 2.8% 4.7% 
Rhynehotrema 2.8% 0.8% 
Nieoleila 7.0% 0.8% 
Sehizonema 3.7% 
Leangella 0.4% 8.7% 
Sampo 3.1% 
Orbieuloidea 0.9% 7.0% 0.8% 2.2% 
other brachiopods 3.9% 13.8% 2.8% 9.3% 6.4% 4.4% 

Tri/obites 
Graviealymene 0.4% 0.9% 0.1% 
Enerinurus 0.4% 0.3% 0.2% 
Prionoeheilus 0.1% 
Remopleurides 0.1% 0.1% 
Paraeybeloides 0.1% 
Tretaspis 0.1% 0.3% 3.3% 
Oetillaenus 0.1% 
Stenopareia 0.4% 
Phillipsinella 0.2% 
Trinodus 0.4% 
Lonehodarnas 0.4% 
other trilobites 0.4% 2.1% 

Bryozoa 
stick bryozoans 17.8% 3.2% 12.9% 22.2% 26.6% 
trepostomes 8.5% 15.2% 2.3% 2.2% 
"dendroid" 2.3% 2.3% 

C orals 
streptelasmatid s 25.6% 0.9% 

Moll u ses 
Bivalves 4.7% 0.4% 
Gastropads 10.9% 1.2% 

Eehinoderms 
Cystoids 1.4% 1.2% 0.8% 
crinoid collumnals common common common abundant present rare 

conulartids 2.3% 2.2% 

TOTAL 99.1% 100.1% 99.2% 99.7% 99.5% 100.1% 

Diversity 20 19 19 20 21 17 

Sample size 
(number of individuals) 130 110 255 90 140 46 

1 23 



Table 3. Occurrence of the common er taxa in the three associations of the Hirnantia fauna in the Oslo-Asker 
district, shown as a percentage of the total fauna, and a percentage of the brachiapad fauna (in braekets j .  
Diversity i s  measured by the nu m ber of taxa in  an  assemblage. (Data showing the variation between localities 
is given in Brenchley & Cocks 1 982.) 

Hirnantia 

Association 

Hirnantia sagittifera 2 3% (4 1 %) 
Dalmanella testudinaria 1 5% (24%) 
Eostropheodon ta 

himantensis 6% ( 1 0%) 
Hindella cassidea 2% (3 %) 
Cliftonia aff psittacina 6% (3%) 

6% ( 1 3 %) 
Mucronaspis mucronata 4% 

Mean total diversity 1 4 . 3  
Mean brachiapad 

d iversity 6 . 5  
Mean sample size 9 7 . 5  
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