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GEOLOGY  OF  THE  GUNNINGBLAND  AREA
West  of  Parkes,  Central  New  South  Wales
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Figure  1.  Map  of  the  study  area  west  of  Parkes,  showing  Kirkup  locality  (arrowed)  and  location  of  sec-
tion A  -  A'.  After  Pickett  and  Percival  (2001).
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of  Pygodus  species  (Zhang  1998b)  also  indicates
no  overlap  between  the  ranges  of  P.  anitae  and  P.
anserinus.  The  specimen  from  sample  C900  referred
to  P.  cf  anserinus  (Pickett  and  Percival  200 1 ,  fig.  4G)
is  a  tertiopedate  element,  and,  although  more  strongly
denticulate  than  that  figured  by  Zhang  (1998b,  pi.
2,  fig.  17),  it  is  possible  that  it  belongs  to  P.  anitae,
thus  removing  the  anomalous  co-occurrence  of  P.
anitae  and  P.  anserinus.  Nonetheless,  the  presence  of
P.  anitae,  possibly  a  later  form  of  the  species,  since
the  morphology  of  the  specimen  figured  by  Pickett
and  Percival  (2001,  fig.  4D)  lies  between  the  two
forms  figured  by  Zhang  (1998b,  fig.  2),  indicates  the
presence  of  strata  at  least  as  old  as  the  top  of  the  E.
suecicus  Zone  or  basal  P.  serra  Zone  (upper  Da3).

The  type  locality  of  the  Nelungaloo  Volcanics  lies
in  an  excavation  not  more  than  100  m  stratigraphically
below  the  level  of  the  oldest  conodont  assemblages
in  the  Nelungaloo  section  (Fig.l,  A- A')  .  Glen  et  al.
(2007,  fig.  3)  have  indicated  the  probable  presence  of
Yarrimbah  Formation  strata  between  the  Goonumbla
Volcanics  and  Nelungaloo  Volcanics  in  this  section,
as  Simpson  et  al.  (2005)  have  done  for  the  Kirkup
area.  However,  it  has  not  proved  possible,  at
least  at  Nelungaloo,  to  date  the  oldest  strata  of  the
Goonumbla  Volcanics,  and,  consequently,  the  onset
of  post-unconformity  sedimentation,  as  other  than
Da3.  The  interest  of  the  present  locality  is  that  it  lies
but  a  short  interval  (a  few  metres)  above  the  Kirkup
Unconformity,  and  gives  the  opportunity  to  constrain
the  age  of  the  base  of  the  Goonumbla  Volcanics  (=
top  of  the  Kirkup  Unconformity,  see  below)  more
precisely.

Recently,  Simpson  et  al.  (2005)  have  mapped  a
widespread  unconformity  (here  named  the  Kirkup
Unconformity)  between  the  Yarrimbah  Formation
and  Goonumbla  Volcanics,  with  the  Nelungaloo
Volcanics  occupying  the  core  of  the  Forbes  Anticline.
Their  figures  1  and  2  incorporate  age  determinations
purportedly  derived  from  information  in  Pickett  and
Percival  (2001).  There  appear,  however,  to  have  been
some  errors  in  transcribing  the  data  to  their  figures,
since  the  localities  bearing  the  ages  Da2  and  Da4,
and  lying  north  and  slightly  west  of  "Nelungaloo"
homestead,  are  those  referred  to  above  as  Da3  and
Da4,  respectively.  Additionally,  the  locality  with
age  Da4,  just  southwest  of  "Kirkup"  homestead,  is
that  of  the  locality  forming  the  focus  of  the  present
report,  and  for  which  no  age  has  been  given  either  by
Pickett  and  Percival  (2001)  or  any  other  authors  to
date.  No  assemblages  as  old  as  Da2  were  reported  by
Pickett  and  Percival.  Consequently,  the  data  shown
by  Simpson  et  al  (2005)  as  indicating  the  age  of  the
youngest  post-unconformity  strata  are  misleading.
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Figure  2.  Stratigraphic  section  A  -  A'  from  Fig.  1,
showing  location  of  samples  discussed  in  the  text,
the  level  of  the  sampled  limestone  lens  at  Kirkup
correlated  back  to  this  section  (arrowed),  and  ages
in  terms  of  the  Australian  Ordovician  stages  (Da  =
Darriwilian,  Gi  =  Gisbornian,  Ea  =  Eastonian).
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BIOSTRATIGRAPHY  AND  BIOFACIES

The  association  of  Jitanognathus  serpaglii,
although  very  rare,  with  abundant  Erraticodon
balticus  and  Pmtopanderodus  cf.  varicostatus  in
the  Kirkup  fauna  indicates  an  early  Darriwilian  age
(Da2,  upper  variabilis  Zone)  for  the  fauna.  This  age
determination  is  also  supported  by  the  occurrence  of
E.  balticus  in  the  basal  Weemalla  Formation  exposed
in  the  Panuara  district,  southwest  of  Orange  in  central
New  South  Wales.  In  the  basal  Weemalla  Formation,
E.  balticus  (referred  to  as  E.  sp.)  was  found  co-
occurring  with  Ansella  jemtlandical,  Periodon
macrodentatus ,  Drepanodusl  bellburnensis,  Par-
oistodus  originalisl ,  Protopanderodus  cooperi,  P.
robustus,  P.  varicostatus,  and  Dzikodus  hunanensis,
which  also  suggested  an  early  Darriwilian  (Da2)  age
(Zhen  and  Percival  2004b).  This  age  for  the  base  of
the  Weemalla  Formation  is  consistent  with  the  Da3
graptolite  occurrence  at  a  higher  level  in  the  unit  (Smith
1966;  Zhen  and  Percival  2004b).  In  the  Table  Head
Formation  of  western  Newfoundland,  Juanognathus
serpaglii  and  Erraticodon  balticus  occur  together
in  the  upper  part  of  the  Histiodella  tableheadensis
Assemblage  Zone,  which  was  correlated  with  the
upper  variabilis  Zone  (Stouge  1984).

In  his  study  of  the  conodont  faunas  from  the
Table  Head  Formation  Stouge  (1984)  recognized  a
Parapanderodus-Scalpellodus  biofaces,  which  was
further  subdivided  into  an  inner  shelf  sub-facies
dominated  by  the  occurrence  of  Erraticodon  balticus,
and  an  outer  shelf  sub-facies  characterized  by  the

dominant  occurrence  of  Ansella.  The  Kirkup  fauna
with  its  dominance  of  E.  balticus  and  Kirkupodus
tricostatus  gen.  et  sp.  nov.  is  most  similar  to  the  fauna
of  the  irmer  shelf  sub-facies  of  the  Parapanderodus-
Scalpellodus  biofacies.

SAMPLING  LOCALITIES

The  limestone  yielding  the  assemblage  reported
here  lies  on  Kirkup  station,  15  km  west  of  the  town  of
Parkes  in  the  central  west  of  New  South  Wales  (Fig.
1).  The  outcrop  extends  for  a  few  hundred  metres,
from  approximately  OR  594700  6237900  to  GR
595000  6238300  (m,  AMG;  Parkes  1:50,000  sheet,
8531  I  &  IV).  Its  thickness  is  about  1.5  m,  though
the  tumbled  nature  of  the  outcrop  hinders  accurate
measurement.

In  addition  to  the  extensive  conodont  assemblage
which  affords  the  basis  of  the  age  determination,
there  is  a  small  fauna  of  anthaspidellid  sponges,  all
of  which  are  completely  desilicified  and  broken,
and  the  stromatolite-like  stromatoporoid  lanilamina
which  is  quite  common  and  reaches  considerable
size.  A  few,  generally  damaged  brachiopods  and
rare  gastropods  are  the  only  other  macrofossils.  The
macrofossils  occur  in  the  more  terrigenous  parts  of
the  unit.  Algal  oncolites  with  abundant  Girvanella  are
not  uncommon  (Fig.  3A,  B),  oolites  occur  frequently
although  a  true  oolitic  limestone  is  never  developed,
and  there  are  patches  of  a  coquina  of  small  shells
most  of  which  lie  in  the  concave-up  position  (Fig.

Figure  3.  Sedimentary  features  of  the  limestone  lens  at  Kirkup.  A,  thin  section  of  oncolites,  MMF  44877,
X  3.7.  B,  detail  of  the  smaller  oncolite,  showing  tubes  of  the  alga  Girvanella  sp.,  x  40.  C,  vertical  thin  sec-

tion of  coquina  of  small  shells,  younging  upward,  MMF  44874,  x  4.6.
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3C).  Sedimentary  features  are  thus  in  accord  with  a
shallow-water  situation,  well  within  the  photic  zone
and  above  wave-base,  and  tally  with  its  position
immediately  above  the  Kirkup  Unconformity.

There  are  two  major  lithologies  in  the  limestones
recognized  in  the  outcrop,  calcarenite  and  packstone.
Conodonts  were  rare  in  the  former,  but  very  abundant
in  the  greyish  fine  grained  packstone  (see  Table  1).

SYSTEMATIC   PALAEONTOLOGY

Illustrations  in  Figures  3-4  are  optical  microscopic
photographs  of  thin  sections  in  transmitted  light.
These  specimens  bear  the  prefix  MMF,  and  are
housed  at  the  Londonderry  Geoscience  Centre  of  the
Geological  Survey  of  New  South  Wales.  Many  of  the
sections  used  in  this  study  were  made  well  prior  to
identification  of  the  taxa,  and  some  of  the  originally
numbered  specimens  contain  more  than  one  species.
Consequently,  parts  of  and  thin  sections  from  a  single
block  are  differentiated  by  a  lower  case  letter  appended
to  the  specimen  number.  All  photographic  illustrations
shown  in  Figvires  5  to  1 1  are  SEM  photomicrographs
of  conodonts  captured  digitally  (numbers  with  the
prefix  lY  are  the  file  names  of  the  digital  images)  and
are  held  in  the  Palaeontology  Section  of  the  Australian
Museum.  Figured  specimens  bear  the  prefix  AM
F.  and  are  deposited  in  the  type  collections  of  the
Palaeontology  Section  at  the  Australian  Museum  in
Sydney.  Conodont  samples  with  the  prefix  C  form  part
of  the  collections  of  the  New  South  Wales  Geological
Survey  at  Londonderry.

Phylum  PORIFERA  Grant,  1 836
Class  DEMOSPONGIAE  Sollas,  1885

Informal  taxon  LITHISTIDA  Schmidt,  1870
Family  ANTHASPIDELLIDAEUlrich,  1889

Genus  Patellispongia  Bassler,  1927

Type  species
Patellispongia  oculata  Bassler,  1927

1  Patellispongia  sp.
Figures  4A  -  4E

Material
Several  large  fragmentary  sponges  (MMF29060,

29069,  29978,  29979,  35561b,  44871-3),  with  five
thin  sections.

Description
In  hand   specimen  the   material  presents   the
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appearance  of  a  bladed  or  occasionally  possibly
patellate  sponge.  The  thickness  of  the  soma  varies
from  4.5  to  9.5  mm,  with  a  lateral  dimension  which
may  exceed  12  cm.  The  fragments  are  all  firmly
embedded  in  matrix,  so  that  the  precise  shape  of
the  sponge  caimot  be  determined,  as  is  the  case  for
its  surface,  though  this  appears  to  be  undulose  and
somewhat  uneven.

The  thin  sections  are  more  or  less  random,  but
those  that  have  an  orientation  nearly  parallel  to  the
growth  direction  show  an  axis  of  divergence  of  the
trabs  which  is  much  closer  to  one  side  of  the  soma
than  the  other,  interpreted  as  the  iimer,  or,  possibly,
the  excurrent  surface.  The  trabs  are  0.2  -  0.25  mm
wide  and  separated  by  a  distance  of  0.3  -  0.5  mm.  The
shafts  of  the  dendroclones  are  c.  0.07  mm  in  diameter,
and  clearly  show  the  typical  ladder-like  anthaspidellid
arrangement.  No  details  of  coring  or  accessory
spicules  could  be  observed  due  to  calcification.

Remarks
Although  the  specimens  are  all  fragmentary,

the  manner  in  which  the  trabs  diverge  is  similar  to
that  of  Patellispongia  austral  is  Rigby  and  Webby,  as
figured  by  them  (1988,  pi.  13,  fig.  3).  In  that  species
the  axis  of  divergence  of  the  trabs  lies  much  nearer  to
the  upper,  or  concave  surface,  and  this  is  the  basis  for
the  interpretation  of  the  present  material.  P.  australis
has  coring  monaxons  and,  to  judge  by  pi.  13,  fig.  9  of
Rigby  and  Webby  (1988),  also  oxeas  which  lie  free  in
the  spicule  network.  Calcification  precludes  obtaining
any  fiirther  confirming  evidence  from  our  material.

Anthaspidellid  gen  et  sp.  unident.
Figure  4F

Material
A  single  specimen  with  one  good  transverse

section,  MMF44878,  a  probable  second  specimen,
MMF35561a,  and  a  third  specimen  too  small  for
sectioning,  MMF29070.

Description
Body  of  sponge  cylindrical  or  possibly  obconical,

reaching  2.5  cm  in  diameter,  and  probably  exceeding
this  in  length.  The  axial  area  is  occupied  by  a  bundle
of  rounded  excurrent  canals  1 .3  -  2.0  mm  in  diameter.

the  group  itself  about  1  cm  across,  and  comprising
roughly  20  canals,  separated  by  a  screen  made  of  up
of  a  single  layer  of  spicules.  Details  of  the  exterior
are  unknown,  but  it  is  apparently  fairly  smooth.  The
offcut  from  the  transverse  section  suggests  that  the
excurrent  canals  end  in  an  apical  depression,  but  if
so  it  was  probably  shallow.  There  is  no  indication
of  a  dermal  layer  of  differentiated  spicules,  but  the
sponges  were  probably  somewhat  eroded.

The  skeleton  is  typically  anthaspidellid,  the
frabs  made  up  of  fused  spicule  rays  and  reaching
a  maximum  diameter  of  0.3  mm.  The  trabs  are
near  vertical  at  the  axis,  but  diverge  and  are  nearly
horizontal  at  the  periphery.  Between  the  frabs  the
spicule  shafts  are  0.25  -  0.3  mm  apart.  The  material  is
entirely  desilicified,  and  it  is  not  possible  to  determine
if  the  trabs  include  coring  spicules.

Affinities
The  scant  material  and  its  preservation  make  a

generic  assignment  hazardous.  Of  the  more  or  less
cylindrical  anthaspidellids  described  by  Rigby  and
Webby  (1988)  only  those  ascribed  to  Aiilocopium  and
Hudsonospongia  can  be  compared  with  the  present
specimen,  although  it  appears  to  lack  the  deep  apical
spongocoel  of  those  forms.  The  former  genus  has
since  been  transferred  to  the  family  Sfreptosolenidae
(Finks  et  al.  2004),  but  in  the  present  material
the  dendroclones  lie  parallel  to  the  surface,  as  is
characteristic  of  Anthaspidellidae.

Class  STROMATOPOROIDEA  Nicholson  and
Murie,  1878

Order  7CLATHR0DICTYIDA  Bogoyavlenskaya,
1969

Family  unassigned
lanilamina  Pickett  and  Zhen  gen.  nov.

Type  species
lanilamina  kirkupensis  Pickett  and  Zhen  sp.  nov.

Remarks
The  genus  is  named  for  our  friend  and  colleague

Dr  Ian  Percival,  in  recognition  of  his  confribution  to
knowledge  of  the  Ordovician  System  in  New  South
Wales.

Figure  4  (LEFT).  Anthaspidellid  sponges  from  Kirkup.  A  -  E,  'I Patellispongia  sp.  A,  longitudinal  (left)
and  near  transverse  (right)  sections  of  two  specimens,  MMF  44872,  x  2.8.  B,  detail  of  left  specimen
from  A,  showing  locus  of  axis  of  divergence  of  trabs  close  to  right  side  of  skeleton,  x  7.1.  C,  section  of
blade  ,  MMF  35561b,  x  4.2.  D,  section  of  curved  blade,  MMF  29060a,  x  1.7.  F,  anthaspidellid  gen.  et  sp.
unident.,  MMF  44878,  x  2.4.
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Diagnosis
A  stromatoporoid  whose  skeleton  consists  of  thin,

extensive,  densely  porose  laminae,  with  a  thread-like
tissue  occupying  some  latilaminae.

lanilamina  kirkupensis  Pickett  and  Zhen  sp.  nov.
Figure  5

Material
MMF29887  (holotype),  paratypes  MMF35560,

MMF44870,  44875,  44876,  44879;  eight  thin  sec-
tions.

Description
The  organism  forms  stromatolite-like  bodies,

initially  broadly  encrusting,  but  rapidly  developing  a
domical  shape,  sometimes  expanding  upwards.  The
margins  are  smooth  rather  than  ragged,  the  maj  or  bursts
of  growth  in  macroscopic  appearance  being  more
or  less  enveloping.  These  bodies  reach  dimensions
greater  than  12.5  cm  wide  and  9  cm  high.  The  largest
specimen  (MMF44879)  is  an  irregularly  laminate
body  with  undulose  laminae  and  many  inclusions
of  sediment,  and  spreading  to  a  width  of  at  least  20
cm,  while  not  more  than  7  cm  high;  the  holotype  is
domical,  20  cm  x  14  cm  and  1 1  cm  high.  The  skeleton
is  comprised  of  latilaminae  (  =  incremental  units  of
Steam  and  Pickett,  1994)  which  range  from  0.1  mm
to  1.3  mm  in  thickness,  are  discontinuous  laterally,
and  present  varying  appearance  in  longitudinal
section,  due  in  the  main  to  diagenetic  features.  The
upper  surfaces  of  the  latilaminae  are  defined  by  the
thin  laminae,  which  are  remarkably  smooth,  appear  as
a  very  thin,  discontinuous,  dark  line,  which,  in  areas
where  there  has  been  development  of  sparry  calcite,
usually  simply  vanish,  though  this  can  be  seen  to
be  a  progressive  degradation  of  the  structure  during
diagenesis.  The  laminae  fi^equently  are  turned  down
to  terminate  on  the  upper  surface  of  the  previous
lamina  (Fig.  5E).

Some  latilaminae  present  a  brown  and  rather
flocculent  appearance  between  the  laminae.  Others

are  light  in  colour,  demarcated  by  the  dark  line
(lamina)  on  their  upper  surface,  and  show  internally
a  vague  network  of  thread-like  calcified  tissue,
whose  structure  is  not  clearly  delineated  and  is
never  as  strongly  calcified  as  the  laminae  (Fig.  5F).
The  appearance  of  these  layers  intergrades  with  that
of  the  brownish,  flocculent  layers,  so  it  is  probable
that  the  latter  are  layers  which  have  undergone  more
diagenetic  alteration.

In  tangential  section  the  thin,  dark  laminae  can
be  seen  to  be  minutely,  irregularly  porous  (Figs  5F,
5J).  The  pores  are  subangular  to  subrounded,  have  an
internal  diameter  of  0.05  -  0. 1  mm,  and  are  separated
by  a  delicate  meshwork  of  calcified  tissue  about
0.025  mm  wide  between  the  pores.  No  structures
approximating  to  astrorhizae  have  been  identified.

Associated  features
The  vertical  succession  of  latilaminae  is

occasionally  interrupted.  This  is  most  commonly  the
result  of  accumulation  of  sediment  on  the  surface,
which  is  then  covered  by  the  next  incremental
unit  (Fig.  5B).  Interruptions  may  also  be  caused
by  algal  mats  in  which  tubes  of  Girvanella  may
clearly  be  seen,  or  by  overgrowth  by  an  unidentified
anthaspidellid  sponge  (Fig.  5D).  Finally,  there  are
small  encrustations  of  what  are  probably  the  early
stages  of  bryozoan  colonies  (Fig.  5G)  or  possibly
algae,  but  the  small  size  of  these  (c.  1  mm,  with  tubes
0.075  -  0.1  mm  in  diameter)  suggests  that  they  were
rapidly  overgrown  by  the  stromatoporoid.

Remarks
The  most  similar  form  described  so  far  is  the

marginally  older  Zondarella  Keller  and  Fliigel,
1996,  fi"om  the  late  Arenig  (=  earliest  Darriwillian
of  Argentina.  The  type  species,  Z.  communis,  forms
large,  stromatolite-like  masses  which  even  construct
reefs,  quite  different  from  the  scale  of  the  present
occurrence.  The  poorly  developed  vertical  elements
of  lanilamina  resemble  to  some  extent  those  of
Zondarella,  but  the  well  developed  pores  in  the
laminae  of  the  former  have  not  been  described  from

Figure  5  (RIGHT).  lanilamina  kirkupensis  gen.  et  sp.  nov.,  all  from  a  limestone  lens  at  the  base  of  the
Goonumbla  Volcanics,  Kirkup  station,  Gunningbland,  NSW.  A,  appearance  in  hand  specimen,  MMF
44870b,  X  0.6.  B  -  F,  longitudinal  sections.  B,  MMF  44876,  encrusting  on  anthaspidellid  sponge  (lower
centre),  x  1.2.  C,  MMF  44875a,  also  encrusting  an  anthaspidellid,  x  1.2.  D,  section  MMF  35560a,  speci-

men with  rather  flat  laminae,  and  enclosing  a  small  anthaspidellid  (top  right),  x  1.4.  E,  detail  of  B,  show-
ing terminations  of  laminae,  x  6.8.  F,  somewhat  oblique  section  through  one  incremental  unit,  showing

porous  laminae  and  thread-like  internal  structure,  MMF  44875b,  x  13.2.  G,  detail  of  C,  showing  small
encrusting  ?bryozoans,  overgrown  by  later  incremental  units,  x  10.5.  H,  tangential  section  of  holotype
MMF  29887b,  section  has  traversed  a  rather  flat  lamina  (dark  area,  top  centre),  x  1.7.  J,  detail  of  central
part  of  H,  showing  detail  of  the  pores  in  the  lamina,  x  49.
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Zondarella.  On  the  other  hand,  breaks  in  the  laminae  of
Zondarella  are  quite  common  (e.g.  Keller  and  Flugel
1996,  pi.  47,  fig.6),  and  it  may  be  that  these  equate
to  the  pores  of  lanilamina.  The  epizoic  ?bryozoans
illustrated  by  Keller  and  Fltigel  (pi.  47,  fig.  8)  are
almost  identical  with  those  observed  on  lanilamina.
Photographs  of  thin  sections  of  topotype  specimens  of
Zondarella  communis,  kindly  supplied  by  Dr  Marcelo
Carrera,  do  not  show  laminae  with  pores  similar  to
those  of  lanilamina.  Zondarella  was  assigned  to  the
family  Pulchrilaminidae  Webby  1993,  which  was
included  questionably  as  the  last  family  in  the  order
Labechiida  by  Webby,  in  Steam  et  al.  (1999).  The  soft
tissue  of  members  of  that  order  appears  to  have  been
external  to  the  skeleton,  whereas  the  anatomy  of  most
other  stromatoporoid  groups  suggests,  by  analogy
with  Vaceletia,  e.g.  Steam  and  Pickett  (1994),  that
most  of  the  soft  tissue  was  intemal.  In  spite  of  other
similarities  with  Zondarella  the  absence  of  pores
in  that  genus  is  particularly  significant,  pointing  to
labechiid  affinities.  The  pores  of  lanilamina  however
imply  relationship  to  non-labechiid  stromatoporoids,
and  for  this  reason  the  genus  is  tentatively  included
amongst  the  clathrodictyids.

A  corollary  of  the  virtual  absence  of  pillars  or
other  well  calcified  vertical  stmctures  between  the
laminae  would  have  been  a  skeleton  which  was
relatively  weak  structurally.  In  spite  of  this,  there
is  very  little  evidence  of  intemal  damage,  although
a  number  of  the  specimens  have  clearly  suffered
extemal  damage.

There  has  been  much  discussion  with  colleagues
over  the  affinities  of  this  material.  The  preliminary
field  identifications  cast  it  as  stromatolitic,  chiefly
perhaps  due  to  the  rather  straggly  outline  of  the
individual  masses;  and  indeed,  many  layers  within
them  are  clearly  sedimentary.  It  is  possible  that  the
stmctures  here  interpreted  as  porous  laminae  may
be  residual  features  of  algal  stmctures  otherwise
destroyed  by  diagenetic  processes.  However,  the
following  features  have  swayed  the  interpretation
as  a  stromatoporoid:  1)  in  addition  to  the  layers  of
sediment,  sponges  and  bryozoans  mentioned  above,
there  are  occasional  layers  of  undoubted  algal  mats,
clearly  differing  in  preservation  and  structure  from  the
tissue  immediately  surrounding  them;  2)  the  porous
laminae  are  extremely  thin,  while  the  tme  algal  layers
have  a  substantial  vertical  dimension;  3)  the  laminae
turn  down  rather  abmptly  to  terminate  cleanly  on  the
surface  of  the  lamina  beneath,  suggesting  incremental
growth  rather  than  surficial  accumulation  of  sediment.
The  problems  faced  in  the  interpretation  of  lanilamina
are  in  effect  the  same  as  those  experienced  by  Keller
and  Flugel  (1996)  when  describing  Zondarella,  and

efficiently  summarised  by  them  (p.  186).  Many
of  their  comments  also  are  relevant  to  the  present
material,  noting  particularly  the  association  with  a
high-energy  environment,  provision  of  a  hard  surface
for  encmsting  organisms,  and  layers  of  different
composition  or  stmcture.

Phylum  CHORD  ATA  Balfour,  1880
Class  CONODONTA  Pander,  1856

Order  PRIONIODINIDA  Sweet,  1988
Family  CHIROGNATHIDAE  Branson  and  Mehl,

1944
Genus  Erraticodon  Dzik,  1978

Type  species
Erraticodon  balticus  Dzik,  1978.

Diagnosis
Septimembrate  or  octomembrate  apparatus  with

a  ramiform-ramiform  stmcture  including  makellate
M,  alate  Sa,  bipennate  Sb  and  Sc,  tertiopedate  or
tripennate  Sd,  digyrate  Pa,  trigyrate  Pb,  and  often
tripennate  Pc,  hyaline  elements  with  a  prominent
cusp,  discrete  peg-like  denticles  on  the  processes,  and
a  shallow  basal  cavity.

Discussion
Represented  by  at  least  10  species  with  high

morphological  variation,  Erraticodon  consisting
of  large,  hyaline  ramiform  elements  is  an  easily
recognizable  common  element  in  shallow-water,
inner-shelf  conodont  faunas.  Anumber  of  Erraticodon
species  with  a  septimembrate  or  octomembrate
apparatus  have  been  recently  documented  from  late
Early  and  Middle  Ordovician  strata  in  Australia
(Zhen  et  al.  2003,  Zhen  and  Percival  2004a,  Zhen
and  Percival  2004b,  Zhen  and  Percival  2006;  NicoU
and  Kelman  2004)  and  in  South  China  (Zhen  et
al.  2007).  Known  as  the  oldest  genus  in  the  family
Chirognathidae  (Sweet  1988),  Erraticodon  was
geographically  widely  distributed  with  a  stratigraphic
range  from  the  late  Early  Ordovician  {evae  Zone)
to  the  late  Mid  Ordovician  (Darriwilian)  (Zhen
et  al.  2007).  The  following  species  are  assigned  to
Erraticodon:

Erraticodon  balticus  Dzik,  1978;  defined  herein
as  having  a  septimembrate  apparatus;  type  material
from  an  erratic  boulder  of  Middle  Ordovician  (possibly
early  Darriwilian)  age,  found  near  Kartuzy,  Poland.  It
was  also  recorded  fi-om  the  lower  Darriwilian  (Da2)
of  Newfoundland  (Stouge  1984),  and  central  New
South  Wales  (this  study).

Erraticodon    bellevuensis   Zhen    and   Percival
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2004a;  reported  as  having  a  septimembrate  apparatus
(Zhen  and  Percival  2004a,  p.  94-96,  figs.  12,  13),
from  allochthonous  limestone  (Middle  Ordovician,
Darriwilian,  ?Da3)  in  the  Oakdale  Formation  of
central  New  South  Wales.

Erraticodon  fenxiangensis  Ni,  in  Ni  and  Li
1987;  not  adequately  documented,  four  morphotypes
referrable  to  M,  Sa,  Sb  and  Sc  elements  recognised
(see  Ni,  in  Ni  and  Li  1987,  p.  408-409,  pi.  60,  figs.
6=Sc,  7=Sa,  14=Sb,  15=M),  from  the  lower  and
middle  parts  of  the  Guniutan  Formation  (Middle
Ordovician,  Darriwilian)  of  Yichang,  Hubei,  South
China.

Erraticodon   gratus   (Moskalenko,   1977)
(see  Moskalenko  1989);  recorded  as  having  a
septimembrate  apparatus,  from  the  Ordovician  of
Russia.

Erraticodon  hexianensis  An  and  Ding,  1985;
revised  as  having  an  octomembrate  apparatus  (An  and
Ding  1985;  Zhen  et  al.  2007),  from  the  late  Dawanian
to  early  Darriwilian  of  South  China.

Erraticodon  patu  Cooper,  1981;  recorded  as
having  a  septimembrate  or  possibly  octomembrate
apparatus  (see  Zhen  et  al.  2003;  Nicoll  and  Kelman
2004)  from  the  Horn  Valley  Sihstone  (Early
Ordovician,  evae  Zone)  of  the  Amadeus  Basin  of
central  Australia,  and  also  reported  from  the  Tabita
Formation  (and  various  other  units  of  the  same  age)
in  western  New  South  Wales  (Zhen  et  al.  2003,  Zhen
and  Percival  2006).

Erraticodon  tangshanensis  Yang  and  Xu,  in  An  et
al.  1983;  reported  having  a  septimembrate  apparatus
(see  An  et  al.  1983,  p.  95-97),  fi-om  the  Majiagou
Formation  and  Beianzhuang  Formation  of  Middle
Ordovician  age  in  North  China.

Erraticodon  tarimensis  Zhao  etal.  2005;  reported
as  having  a  septimembrate  apparatus  (Zhao  et  al.
2005,  p.  30,  pi.  2,  figs  1-13),  from  the  middle  part  of
the  Upper  Qiulitag  Formation  (late  Early  Ordovician)
in  the  Tarim  Basin  of  Northwest  China.

Erraticodon  sp.  Lofgren,  1985  (p.  124,  fig.
4AT-AY);  with  M,  Sc,  Pa,  and  Pb?  (or  Sa?)  elements
illustrated  from  core  samples  of  Middle  Ordovician
age  (upper  para  to  lower  variabilis  zones)  at
Firmgrundet,  south  Bothnian  Bay,  Sweden.

Erraticodon  balticus  Dzik,  1978
Figures  6-8

Synonymy
Erraticodon  balticus  Dzik,  1978,  p.  66-67,  text-

fig.  6a-e,  pi.  15,  figs  1-3,  5-6  (text-fig.  6d  and  pi.  15,
fig.  5  =  M  element;  text-fig.  6e  and  pi.  15,  fig.  6  =  Sa

element;  text-fig.  6c  and  pi.  15,  fig.  3  =  Sb  element;
text-fig.  6a  and  pi.  15,  fig.  1  =  Sc  element;  text-fig.  6b
and  pi.  15,  fig.  2  =  Sd  element);  Stouge  1984,  p.84-
85,  pi.  17,  figs  9-19  (fig.  11  =  M  element;  figs  17-18
=  Sa  element;  figs  9-10  =  Sb  element;  fig.  19  =  Sc
element;  figs  13-15  =  Sd  element;  figs  12,  16  =  Pb
element).

Erraticodon  sp.  Zhen  and  Percival  2004b,  p.  167-
168,  figs  8A-H,  9A-I  (9A-B=M  element;  9C-G=Sa
element;  9H=Sb  element;  9I=Sc  element;  8A-B  and
8H=Pa  element;  8C-G=Pb  element).

Material
1 726  specimens  recovered  from  1 6  samples  (see

Table  1)  collected  along  the  strike  of  the  1.5  m  thick
limestone  lens.

Diagnosis
A  species  of  Erraticodon  with  a  septimembrate

ramiform-ramiform  apparatus,  including  makellate
M,  alate  Sa,  bipeimate  Sb  and  Sc,  tripennate  (modified
bipennate)  Sd,  digyrate  Pa,  and  trigyrate  (modified
digyrate)  Pb  elements;  all  elements  hyaline  with  a
prominent  cusp,  and  discrete,  peg-like  denticles  on
the  processes,  and  a  shallow  open  basal  cavity  often
with  basal  cone  attached;  Sa  element  with  short  lateral
processes  each  bearing  a  single  denticle  and  with  a
long  posterior  process;  Sa,  Sb  and  Sc  elements  with
an  excessively  enlarged  denticle  (location  varying
from  the  first  to  fourth  away  firom  the  cusp)  developed
on  the  posterior  process.

Description
M  element  makellate  (Fig.  6A-D)  with  a  long

outer  lateral  process  bearing  four  to  seven  pointed
denticles,  and  a  sharp  costa  along  the  inner  lateral  face
with  neither  denticles  nor  anti-cusp  (Fig.  6A);  cusp
robust,  antero-posteriorly  compressed,  and  distally
curved  posteriorly,  with  broad  anterior  and  posterior
faces,  and  sharp  costate  lateral  margins  (Fig.  6A-C);
basal  buttress  weakly  developed  on  the  posterior  face
(Fig.  6C);  basal  cavity  shallow,  tapering  into  narrow
groove  towards  the  outer  lateral  end  of  the  base  (Fig.
6A-B)  with  gently  arched  basal  margin  in  anterior
(Fig.  6D)  or  posterior  view  (Fig.  6A).

Sa  element  alate,  symmetrical,  bearing  a  long
denticulate  posterior  process,  and  a  short  lateral
process  on  each  side  with  a  single  denticle  (Fig.
6E-K);  cusp  triangular  in  cross  section  with  a  broad
anterior  face,  and  a  sharp  costa  along  its  posterior
margin  and  on  each  antero-lateral  side;  three  sharp
costae  extending  basally  and  merging  with  the  upper
margin  of  the  posterior  and  the  lateral  processes;
posterior  process  long,  in  most  specimens  broken
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Figure  6.  Erraticodon  balticus  Dzik,  1978  A-D,  M  element;  A,  AM  F.133041,  C2340,  posterior  view
(IY85004);  B,  AM  F.133042,  C2340,  basal  view  (IY85003);  C,  AM  F.133043,  C2340,  upper  view  (IY85005);
D,  AM  F.133044,  C2340,  anterior  view  (IY85001).  E-K,  Sa  element;  E-G,  AM  F.133045,  C2340,  E-F,  an-

terior views  (IY85022);  G,  upper  view  (IY85023);  H,  AM  F.133046,  C2343,  lateral  view  (IY85010);  I-J,
AM  F.133047,  C2340,  I,  posterior  view  (IY85020),  J,  basal  view  (IY85021);  K,  AM  F.133048,  C2342,
lateral  view  (IY88017).  L-P,  Sb  element;  L,  AM  F.133049,  C2340,  inner  lateral  view  (ri'85018);  M-N,
AM  F.133050,  C2342,  M,  basal  view  (IY87033),  N,  inner  lateral  view  (rV^87034);  O,  AM  F.133051,  C2340,
upper  view  (IY85019);  P,  AM  R133052,  C2343,  outer  lateral  view  (IY85010).  Scale  bars  100  |iim.
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before  or  after  the  excessively  larger  denticle,  which
is  typically  the  first  or  second  denticle  away  fi^om  the
cusp,  and  typically  over  twice  as  wide  as  the  cusp
on  lateral  view  (Fig.  6K);  single  denticle  on  lateral
processes  antero-posteriorly  compressed  with  a  broad
anterior  and  posterior  face  and  a  sharp  edged  lateral
side;  basal  cavity  shallow  and  small  with  strongly
arched  basal  margin  in  lateral  view  (Fig.  6H,  K).

Sb  element  bipermate,  asymmetrical  with  a  sub-
erect  cusp,  a  long  posterior  process,  and  a  downward
extending  and  strongly  inner  laterally  curved  anterior
process  (Fig.  6L-P);  cusp  moderately  compressed
laterally  with  a  sharp  anterior  costa  and  a  posterior
costa  that  extends  downward  to  form  the  upper
margin  of  the  anterior  and  posterior  processes  (Fig.
60);  posterior  process  long,  bearing  more  than  five
denticles,  with  the  third  or  fourth  denticle  away  fi-om
the  cusp  excessively  larger  than  other  denticles,
typically  as  large  as  the  cusp  (Fig.  6L)  or  even  larger
(Fig.  6N-0);  denticles  on  posterior  process  moderately
compressed  laterally  with  a  sharp  costa  along  the
anterior  and  posterior  margins;  long  anterior  process
strongly  curved  inward  forming  an  angle  of  about
90°  or  less  with  posterior  process  (Fig.  6M,  O),  and
bearing  five  to  eight  or  even  more  denticles,  which
are  more  closely  spaced  than  those  on  the  posterior
process,  and  laterally  compressed  with  sharp  edges;
basal  cavity  shallow,  often  with  basal  cone  attached,
showing  a  sickle-like  outline  in  basal  view  (Fig.
6M).

Sc  element  bipermate  (Fig.  7A-E)  with  a
prominent  cusp,  a  downwardly  extended,  slightly
iimer  laterally  curved  anterior  process  bearing  three  or
more  denticles  (Fig.  7C),  and  a  long  posterior  process
bearing  four  or  more  long  denticles  (Fig.  7C-D);  cusp
laterally  strongly  compressed  with  sharply  costate
anterior  and  posterior  margins  and  smooth  lateral
faces;  one  denticle  on  posterior  process  (typically
the  third  away  fi-om  the  cusp)  excessively  larger  than
other  denticles;  basal  cavity  shallow  with  an  arched
basal  margin  in  lateral  view  (Fig.  7D).

Sd  element  tripennate  (modified  bipermate)  with
a  prominent  cusp,  a  short  anterior  process  bearing
two  or  three  denticles,  a  long  posterior  process
bearing  five  or  more  denticles,  and  a  long,  outer
lateral  process  bearing  up  to  seven  denticles  (Fig.  7F-
M);  cusp  tricostate  bearing  sharp  anterior,  posterior
and  outer  lateral  costae,  which  extend  downward  to
merge  with  the  upper  margin  of  the  three  processes;
cusp  rounded  in  cross  section  (Fig.  7H)  with  outer
lateral  costa  more  towards  posterior,  and  curved  inner
laterally  and  posteriorly  with  broad,  convex  inner
lateral  face  and  antero-outer  lateral  face,  but  with
slightly  concave  postero-outer  lateral  face  (Fig.  7H);

anterior  process  inner  laterally  curved  and  extending
downward  with  a  straight  basal  margin  nearly  normal
to  the  basal  margin  of  the  posterior  process,  denticles
closely  spaced  with  smallest  at  the  distal  end  and  the
largest,  which  is  only  slightly  shorter  than  the  cusp,
next  to  the  cusp;  posterior  process  long,  but  broken
in  most  of  the  specimens  recovered;  denticles  on  both
anterior  and  posterior  processes  compressed  laterally,
oval  in  cross  section  with  a  sharp  costa  along  their
anterior  and  posterior  margins;  outer  lateral  process
long,  posteriorly  curved  varying  from  a  70°  angle  with
the  posterior  process  (Fig.  7G)  to  nearly  parallel  with
the  posterior  process  (Fig.  7J),  denticles  moderately
compressed  antero-posteriorly,  oval  in  cross  section
with  sharply  costate  lateral  margins,  and  curved
posteriorly.

Pa  element  digyrate  with  a  less  prominent  cusp,
a  long  sinuously  curved  irmer  lateral  process,  and  a
long,  anteriorly  twisted  outer  lateral  process  (Fig.  8A-
G);  cusp  rounded  in  cross  section  with  a  sharp  lateral
costa  on  each  side,  and  broad  anterior  and  posterior
faces;  denticles  on  both  processes  also  rounded  or
weakly  antero-posteriorly  compressed;  basal  cavity
shallow  and  inverted  with  a  shallow  pit  underneath
the  cusp  (Fig.  8D).

Pb  element  trigyrate  (modified  digyrate)  with  a
lateral  process  on  each  side,  and  an  anterior  process
bearing  three  or  more  denticles  (Fig.  8H-N);  cusp
less  prominent  than  that  of  the  M  and  S  elements,
with  a  broad  posterior  face  and  with  a  sharp  costa
along  anterior  margin,  and  on  each  side;  outer  lateral
process  long,  bearing  seven  or  more  denticles;  inner
lateral  process  shorter  bearing  typically  two  or  three
denticles,  anterior  process  outer  laterally  curved;
denticles  antero-laterally  compressed  on  the  lateral
processes  and  laterally  compressed  on  the  anterior
process;  basal  cavity  shallow  with  a  pit  underneath
the  cusp  (Fig.  8N).

Discussion
The  type  material  of  Erraticodon  balticus  was

recovered  from  an  erratic  boulder  found  near  Kartuzy,
Pomerania,  Poland,  but  believed  to  be  transported
from  the  Baltic  region.  Dzik  (1978)  originally
defined  the  species  as  consisting  of  a  seximembrate
apparatus,  but  only  five  elements  including  makellate
M,  alate  Sa,  bipermate  Sb  and  Sc,  and  tripennate
(modified  bipermate)  Sd  were  represented  in  the
type  material.  However  he  suggested  an  additional
spathognathiform  element  (Dzik  1978,  Fig.  2  =
digyrate  Pb  element)  represented  by  a  specimen
illustrated  as  ''Chirognathus"  sp.  by  Viira  (1974,  pi.
11,  fig.  22).  Subsequently,  Dzik  (1991)  indicated  that
the  species  had  a  septimembrate  composition,  but

Proc.  Linn.  Soc.  N.S.W.,  129,  2008 69



ORDOVICIAN   CONODONTS   AND   SPONGES

Figure  7.  Erraticodon  balticus  Dzik,  1978.  A-E,  Sc  element;  A-B,  AM  F.133053,  C2343,  A,  basal-posterior
view  (IY85012),  B,  basal  view  (IY85013);  C,  AM  F.133054,  C2343,  inner  lateral  view  (IY85017);  D-E,
AM  F.133055,  C2342,  D,  outer  lateral  view  (IY87031),  E,  basal  view  (IY87032).  F-M,  Sd  element;  F,  AM
F.133056,  C2340,  outer  lateral  view  (IY85009);  G-H,  AM  F.133057,  C2343,  G,  upper  view  (IY85015),
H,  close  up  of  upper  view  showing  cross  section  of  tricostate  cusp  (IY85016);  I,  AM  F.133058,  C2343,
outer  lateral  view  (IY92029);  J-M,  AM  F.133059,  C2343,  J,  outer  lateral  view  (IY92026),  K,  upper  view
(IY92025),  L,  posterior  view  (IY92027),  M,  inner  lateral  view  (IY92028).  Scale  bars  100  \im.

unfortunately  provided  neither  description  nor  fiirther
details  of  the  revised  apparatus.  Based  on  material
from  the  Table  Head  Formation  (Darriwilian,  Da2)
of  western  Newfoundland,  Stouge  (1984)  suggested  a
septimembrate  apparatus  for  E.  balticus,  its  elements
being  comparable  with  the  M,  Sa,  Sb,  Sc,  Sd  and  Pb

elements  defined  herein  from  the  Kirkup  fauna.  No
Pa  element  was  reported  by  Stouge,  (1984)  and  his
zygognathiform  and  sannemanuUiform  elements  are
interpreted  herein  as  variants  of  the  Sd  element  with
the  outer  lateral  process  curved  posteriorly  in  varying
degree.
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Figure  8.  Erraticodon  balticus  Dzik,  1978.  A-G,  Pa  element;  A-B,  AM  F.133060,  C2340,  A,  upper  view
(IY85008);  B,  anterior  view  (IY85006);  C-E,  AM  F.133061,  C2342,  C,  basal-posterior  view  (IY88011),  D,
basal  view  (IY88014),  E,  anterior  view  (IY88012);  F-G,  AM  F.133062,  C2342,  F,  upper  view  (IY88008),
G,  anterior  view  (IY88009).  H-N,  Pb  element;  H-J,  AM  F.133063,  C2342,  H,  outer  lateral  view  (IY88003);
I,  anterior  view  (IY88002),  J,  posterior  view  (IY88004);  K-L,  AM  F.133064,  C2300,  K,  upper  view
(IY86007),  L,  inner-anterior  view  (IY86006);  M-N,  AM  F.133065,  C2347,  M,  basal  view  (IY88005),  N,
posterior  view  (IY88006).  Scale  bars  100  ^m.
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E.  balticus  is  characterized  by  having  an
accentuated  denticle  on  the  posterior  process  of  the
Sa,  Sb  and  Sc  elements.  The  holotype  (Dzik  1978.
pi.  15,  fig.  6)  exhibits  this  accentuated  denticle  as  the
third  denticle  away  from  the  cusp  on  the  posterior
process,  which  is  slightly  wider  (thicker)  near  the  base
than  the  cusp  in  lateral  view.  An  accentuated  denticle
similar  to  that  of  the  holotype  was  also  developed  on
the  posterior  process  of  the  Sb  and  Sc  elements  in  the
type  material  (Dzik  1978.  text-fig.  6).  In  our  abundant
material  fi^om  Kirkup,  this  accentuated  denticle  on
the  posterior  process  of  the  Sa,  Sb  and  Sc  elements
is  observed  as  a  consistent  character,  but  its  position
may  vary  from  the  first  to  fourth  away  from  the  cusp,
and  the  size  can  also  vary  fi^om  equal  to  that  of  the
cusp  to  over  twice  its  size  (Fig.  6K).

Specimens  have  previously  been  referred  to  this
species  by  various  authors  (e.g.  Watson  1988;  Lehnert
1995;Albanesi,mAlbanesieM/.  1998;  Zhang  1998a),
but  their  illustrated  specimens  apparently  lack  this
character  and  should  be  excluded  fi'om  E.  balticus.
For  instance,  none  of  the  Sa,  Sb  and  Sc  elements
described  by  Watson  (1988)  fi'om  the  the  Goldwyer
Formation  of  the  Canning  Basin  of  Western  Australia
illustrated  this  diagnostic  character  of  the  species.
None  of  the  illustrated  Sa,  Sb  and  Sc  elements  referred
to  as  E.  balticus  by  either  Zhang  (1998a,  pi.  9,  figs  9-
10,  13)  from  the  Guniutan  Formation  in  Hubei  and

Hunan  provinces  or  by  Ding  et  al.  (in  Wang  1993)
fi-om  the  same  stratigraphic  unit  near  Nanjing  in  South
China  shows  an  accentuated  denticle  on  the  posterior
process.  Zhang's  (1998a,  pi.  9,  fig.  9)  illustrated  Sa
element  bears  more  than  one  denticle  on  the  lateral
processes.  The  material  illustrated  by  Ding  et  al.  (in
Wang  1993,  pi.  37,  figs  18-28)  as  this  species  includes
elements  belonging  to  different  genera,  and  the
material  illustrated  by  Zhang  (1998a)  may  be  more
comparable  to  E.  hexianensis  (see  Zhen  et  al.  2007).
That  species,  recorded  from  the  upper  Dawanian  to
early  Darriwilian  in  South  China  (Zhen  et  al.  2007),
closely  resembles  E.  balticus,  but  its  Sa,  Sb,  and  Sc
elements  lack  an  excessively  enlarged  denticle  on  the
posterior  process,  and  its  Sd  element  is  tertiopedate
rather  than  tripennate,  as  in  E.  balticus.

Order  PRIONIODONTIDA  Dzik,  1976
Family  OISTODONTIDAE  Lindstrom,  1970

Genus  Juanognathus  Serpagli,  1974

Type  species
Juanognathus  variabilis  Serpagli,  1974.

Juanognathus  serpaglii  Stouge,  1984
Figure  9C-F

Figure  9.  A-B,  Pseudooneotodus  mitratus  (Moslcalenlco,  1973)  AM  F.133066,  C2347,  A,  upper  view
(IY92012),  B,  outer  lateral  view  (IY92013).  C-F,  Juanognathus  serpaglii  Stouge,  1984.  C-D,  asymmetrical
element,  AM  F.133067,  C2343,  C,  posterior  view  (IY92021),  D,  upper  view  (IY92022);  E-F,  symmetrical
element,  AM  F.133068,  C2343,  E,  posterior  view  (IY92020),  F,  basal  view  (IY92019).  Scale  bars  100  ^m.
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Synonymy
Juanognathus  serpaglii  Stouge,  1984,  p.  58-59,

pi.  5,  figs  10-20  (cum  syn.).

Material
Three  specimens,  two  (both  illustrated)  from

sample  C2343,  and  one  from  C2342.

Discussion
Stouge  ( 1 984)  originally  recognised  abimembrate

(symmetrical  and  asymmefrical)  apparatus  for  the
species.  Both  elements  are  represented  by  only  one
specimen  each  in  our  material  from  Kirkup  station.
They  are  identical  with  the  type  material  from  the
Table  Head  Formation  of  western  Newfoundland.
Both  elements  have  a  cusp  with  a  blade-like  costa  on
each  side,  broadly  convex  anterior  and  posterior  faces
and  a  prominent  basal  surface  defined  by  a  ledge-like
costa  parallel  to  and  slightly  above  the  basal  margin,
which  is  similar  to  that  described  in  Cooperignathus
Zhen,  in  Zhen  et  al.  2003  and  Protoprioniodus
Cooper,  1981  (see  Zhen  et  al.  2003).  This  ledge-like
costa  and  basal  surface  are  also  well  developed  in  the
type  material  of  J.  serpaglii  (Stouge  1984,  pi.  5,  figs
10,  12,  16),  but  have  not  been  recognised  in  the  other
species  of  Juanognathus  including  the  type  species.

Order  PROTOPANDERODONTIDA  Sweet,  1988
Family  PROTOPANDERODONTIDAE  Lindsfrom,

1970
Genus  Protopanderodus  Lindstrom,  1971

Type  species
Acontiodus  rectus  Lindsfrom,  1955.

Protopanderodus  cf.  varicostatus  (Sweet  and
Bergstrom,  1962)

Figure  lOA-P

Synonymy
Protopanderodus  cf  varicostatus  (Sweet  and

Bergsfrom);  Lofgren,  1978,  p.  191-193,  pi.  3,  fig.
26-31.

Material
295  specimens  recovered  from  12  samples  (see

Table  1)  collected  along  the  strike  of  the  1.5  m  thick
limestone  lens.

Description
Five  morphotypes  of  this  species  are  recognized

and  assigned  to  Sa,  Sb,  Sc,  Pa  and  Pb  elements.  Sa
element  symmetrical,  bearing  a  proclined  to  suberect

cusp,  with  a  broad  anterior  face,  an  antero-lateral
costa  and  a  lateral  costa  on  each  side,  and  a  costa
along  its  posterior  margin  (Fig.  lOA-E);  a  broader,
shallow  groove  developed  between  the  two  costae
and  a  deep  and  narrow  furrow  positioned  to  the
posterior  side  of  the  lateral  costa.  Sb  element  like
Sa,  but  asymmetrical,  with  a  concave  inner  face  and
a  convex  outer  face,  and  weaker  development  of  the
antero-lateral  costa  on  each  side,  and  with  a  deep
fiirrow  developed  between  the  two  costae  on  each
lateral  face.  Sc  element  strongly  asymmefrical  and
laterally  compressed,  with  a  convex  outer  face  bearing
a  median  costa  and  a  furrow  to  its  posterior  side,  a
concave  inner  face  bearing  two  costae  and  separated
by  two  furrows  (Fig.  lOJ-K),  and  with  a  sharp  costa
along  its  anterior  and  posterior  margins.  Pa  element
with  a  proclined  cusp  and  a  shorter  base,  and  with  a
sharp  costa  along  its  anterior  and  posterior  margins;
outer  lateral  face  convex  and  smooth  or  often  with
a  weak  and  short  postero-lateral  costa  developed
around  the  curvature  of  the  cusp  (Fig.  lOM);  inner
lateral  face  with  two  costae  and  a  furrow  in  between.
Pb  element  like  Pa  element,  but  with  a  suberect  cusp
and  a  longer  base.

Discussion
The  current  material  resembles  that  described  as

Protopanderodus  cf.  varicostatus  from  the  Middle
Ordovician  of  northern  Sweden  (Lofgren  1978),
particularly  the  S  elements.  The  scandodiform
Pb  elements  from  the  Kirkup  fauna  generally
have  a  longer  base,  which  was  not  recognized  in
P.  varicostatus,  and  some  of  the  symmetrical  Sa
elements  show  a  broader  anterior  face  (Fig.  lOA)
in  comparison  with  the  corresponding  elements  of
Protopanderodus  variabilis.  Some  scandodiform  P
elements  of  those  referred  to  Protopanderodus  cf.
varicostatus  by  Lofgren  (1978,  pi.  3,  fig.  30)  exhibit
intermediate  features  between  the  current  material,
which  has  a  longer  base  (Pb),  and  typical  P.  variabilis
with  a  very  short  base.

Protopanderodus?  nogamii  (Lee,  1975)
Figure  llA-S

Synonymy
Scolopodus  cf  bassleri  Igo  and  Koike  1967,  p.  23,  pi.

3,  figs.  7,  8,  text-fig.  6B.
Scolopodus  sp.  A  Hill  et  al.  1969,  p.  0.14,  pi.  OVII,

fig.  13.
Scolopodus  sp.  C  Hill  et  al.  1969,  p.  0.14,  pi.  OVII,

fig.  15.
"Panderodus"  sp.  Serpagli  1974,  p.  59,  pi.  24,  figs.
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Figure  10.  Protopanderodus  cf.  varicostatus  (Sweet  and  Bergstrom,  1962).  A-E,  Sa  element;  A-B,  AM
F.133069,  C2343,  A,  basal-posterior  view  (IY87005),  B,  lateral  view  (IY87004);  C-E,  AM  F.133070,
C2342,  C-D,  lateral  views  (IY87025,  IY87023),  E,  basal  view  (IY87026).  F-I,  Sb  element;  F-H,  AM
F.133071,  C2343,  F,  basal  view  (IY87013),  G,  inner  lateral  view  (IY87011),  H,  outer  lateral  view
(IY87014);  I,  AM  R133072,  C2343,  inner  lateral  view  (IY87016).  J-L,  Sc  element,  AM  F.133073,  C2343,
J,  inner  lateral  view  (IY92038),  K,  upper  view  (^(^92036),  L,  outer  lateral  view  (IY92037).  M-N,  Pa
element;  M,  AM  F.133074,  C2343,  outer  lateral  view  (IY87007);  N,  AM  F.133075,  C2340,  inner  lat-

eral view  (IY91040).  O-P,  Pb  element;  O,  AM  F.133076,  C2340,  outer  lateral  view  (IY91038);  P,  AM
F.133077,  C2340,  inner  lateral  view  (IY91039).  Scale  bars  100  ^ra.

12,  13,  pi.  30,  figs.  12,13.
Scolopodus  nogamii  Lee  1975,  p.  179,  pi.  2,  fig.  13.
Protopanderodus  primitus  Druce  (MS),  in  Cooper

1981  {nomen  nudum),  p.  174,  pi.  27,  figs.  3,  4
{cum  syn);  Stait  and  Druce  1993,  p.  307,  figs.
13A-C,  18D,  E,  G-K  {cum  syn).

Scolopodus  euspinus  Jiang  and  Zhang,  in  An  et  al.

1983,  p.  140,  pi.  13,  fig.  27,  pi.  14,  figs.  1-8  {cum
syn.);  An  and  Zheng  1990,  p.  173,  pi.  2,  figs.  7-
11,  13,  14,  16.

Protopanderodus  nogamii  (Lee);  Watson  1988:  p.
124,  pi.  3,  figs.  1,  6;  Zhen  et  al.  2003,  p.  207-209,
fig.  23A-P,  ?Q  {cum  syn.);  Zhen  and  Percival
2004a,  p.  104-105,  fig.  18A-K.
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Figure  11.  Protopanderodus?  nogamii  (Lee,  1975).  A-F,  Sa  element;  A,  AM  F.133078,  C2343,  lateral  view
(IY88032);  B-D,  AM  F.133079,  C2343,  B,  basal  view  (IY88030),  C-D,  lateral  views  (IY88029,  IY88031);
E-F,  AM  F.133080,  C2340,  E,  basal  view  (IY88044),  F,  lateral  view  (IY88045).  G-H,  Sb  element,  AM
F.133081,  C2343,  G,  basal  view  (IY88035),  H,  inner  lateral  view  (IY88034).  I-L,  Sd  element;  I-J,  AM
F.133082,  C2343,  I,  inner  lateral  view  (IY88041),  J,  basal  view  (IY88039);  K-L,  AM  F.133083,  C2343,
K,  close  up  showing  furrow  does  not  cut  through  the  basal  margin  and  surface  striation  (IY88038),  L,
outer  lateral  view  (IY88036).  M-O,  Pb  element;  M,  AM  F.133084,  C2343,  basal  view(IY88018);  N-O,
AM  F.133085,  C2343,  N,  inner  lateral  view  (IY88024),  O,  outer  lateral  view  (IY88023).  P-S,  Pa  element;
P-R,  AM  F.133086,  C2343,  P,  inner  lateral  view  (IY88027),  Q,  close  up  showing  furrow  does  not  cut
through  the  basal  margin  (IY88028),  R,  basal  view  (IY88026);  S,  AM  F.1330087,  C2343,  outer  lateral
view  (IY88021),  Scale  bars  100  fim,  unless  otherwise  indicated.
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Protopanderodusl  nogamii  (Lee);  Zhen  and  Percival
2004b,  p.  170-172,  fig.  11P,Q.

Parapanderodus   paracornuformis    Ethington    and
Clark;  Albanesi,  in  Albanesi  et  al.  1998,  p.  116,
partim  pi.  12,  fig.  13,  8?- 10?,  non\\,\2.

?Panderodus  nogamii  (Lee);  Cantrill  and  Burrett
2004,  p.  410,  pi.  1,  figs  1-16.

including  nongeniculate  bicostate  M,  bicostate  Sb
and  Sc,  tricostate  Sa  and  Sd,  and  drepanodiform  Pa
and  Pb  elements;  all  elements  hyaline,  with  sharp
blade-like  costae,  and  ornamented  with  fine  striae;  S
elements  forming  a  symmetry  transitional  series;  M
element  with  non-expanded  base,  S  and  P  elements
with  posteriorly  or  laterally  extended  base.

Material
458  specimens  recovered  fi-om  11  samples  (see

Table  1)  collected  along  the  strike  of  the  1.5  m  thick
limestone  lens.

Discussion
The  concept  of  P.  ?  nogamii  and  its  constituent

elements  has  been  reviewed  extensively  in  several
recent  publications  (Zhen  et  al.  2003;  Zhen  and
Percival  2004a,  b;  Cantrill  and  Burrett  2004).  It
consists  of  a  seximembrate  apparatus  including
short-based,  bi-fiirrowed  Pa  and  Pb,  long-based,
bi-fiirrowed  Sa,  Sb  and  Sd,  and  long-based,  uni-
fiirrowed  Sc  elements;  with  fiarrows  and  coarse  striae
disappearing  just  before  reaching  the  basal  margin.
This  species  is  excluded  from  Panderodus  as  it  lacks
a  true  panderodontid  furrow,  which  cuts  deep  into
basal  margin.  Typical  species  of  Panderodus  have
only  one  furrow  on  the  outer  lateral  face  (except
for  a  rare  bi-furrowed  symmetrical  element).  Most
of  the  P.  ?  nogamii  elements  have  a  fiirrow  on  each
lateral  side,  and  the  furrows  disappear  just  before
reaching  the  basal  margin  (Fig.  UK,  Q).  Stait  and
Druce  (1993)  recognized  a  uni-furrowed  element  in
ihe  P.?  nogamii  species  apparatus.  Zhen  et  al.  (2003)
found  this  element  (referred  as  the  Sc  element)  was
extremely  rare  in  the  Early  Ordovician  material  fi-om
Mt.  Arrowsmith  in  far  western  New  South  Wales.  In
the  Kirkup  fauna,  P.?  nogamii  is  one  of  the  dominant
species,  but  no  uni-furrowed  element  has  been
identified.

Family  ACANTHODONTIDAE  Lindstrom,  1970
Genus  Kirkupodus  Zhen  and  Pickett  gen.  nov.

Derivation  of  name
After  the  property  name,  Kirkup  Station,  where

the  type  species  (and  only  species  assigned  to  the
genus)  was  recovered.

Type  species
Kirkupodus  tricostatus  Zhen  and  Pickett  gen.  et

sp  nov.

Diagnosis
A  septimembrate  coniform-coniform  apparatus

Discussion
Kirkupodus  is  defined  herein  as  having  a

septimembrate  apparatus.  The  blade-like  costae  of
the  S  elements  and  the  general  morphology  of  the
P  elements  resemble  the  corresponding  elements
of  Triangulodus  van  Wamel,  1974,  but  Kirkupodus
lacks  a  geniculate  M  element.  The  P  elements  and
asymmetrical,  bicostate  Sb  and  Sc  elements  of
Kirkupodus  tricostatus  can  be  closely  compared
with  the  P  and  S  elements  of  Scalpellodus  Dzik,
1976.  However,  tricostate  Sa  and  Sd  elements  were
not  recognised  in  the  species  apparatus  of  the  type
species,  S.  latus,  nor  from  the  apparatuses  of  the
other  two  species  {S.  gracilis  and  S.  viruensis)  of
Scalpellodus,  from  the  Baltic,  although  descriptions
of  all  these  species  were  based  on  a  large  number  of
specimens  (Lofgren  1978).  These  differences  support
the  establishment  of  a  new  genus,  Kirkupodus,  to
accommodate  the  current  species  firom  central  New
South  Wales.

As  Lofgren  (1978,  p.  98)  pointed  out,  Dzik's
original  definition  (1976,  p.  421)  of  Scalpellodus
included  elements  belonging  to  both  Scalpellodus
and  Cornuodus.  Lofgren  (1978)  revised  the  genus
as  having  a  trimembrate  apparatus  including  a
scandodiform,  a  long-based  drepanodiform  and  a
short-based  drepanodiform  elements.  She  recognised
three  species  fi-om  the  upper  Middle  Ordovician
(Darriwilian)  of  Jamtland,  northern  Sweden,  and
noted  that  in  the  younger  species,  S.  viruensis  Lofgren,
1978,  the  long-based  drepanodiform  element  was
apparently  missing.

The  type  species,  S.  latus,  was  originally
described  a ̂ having  a  trimembrate  apparatus  including
symmetrical  short-based,  symmetrical  long-based,
and  asymmetrical  scandodiform  elements  (van
Wamel  1974),  all  with  prominent  surface  striation.
The  holotype  (van  Wamel  1974,  pi.  4,  fig.  2a-b)
was  defined  as  a  symmetrical  short-based  element,
which  Lofgren  (1978)  referred  to  as  the  short-based
drepanodiform  element  (=  Pb  element  of  our  current
notation).  The  symmetrical  long-based  element  (van
Wamel  1974,  pi.  4,  fig.  la-b)  was  called  the  long-
based  drepanodiform  element  by  Lofgren  (1978)  (=Pa
element  of  our  notation).  Only  one  type  of  S  element
was  recognized  for  S.  latus  by  both  van  Wamel  ( 1 974)
and  Lofgren  (1978)  as  the  asymmetrical  scandodiform
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element  (=  ?Sc  element  herein).
Sweet  (1988)  interpreted  the  genus  as  consisting

of  a  bimembrate  apparatus.  More  recently,  Lofgren
(2000,  2003)  considered  the  scandodiform  elements
to  represent  the  ?S  element  and  the  drepanodiform
elements  to  be  the  ?P  elements.  Lofgren  (2000)
illustrated  three  specimens  ofS.  latus  from  the  lower
Middle  Ordovician  {T.  quadrangulum  Subzone)  of
northern  Oland,  Sweden,  and  assigned  them  to  the  S
element  (Lofgren  2000,  fig.  4S),  M?  element  (Lofgren
2000,  fig.  4T),  and  P?  element  (Lofgren  2000,  fig.  4U).
The  doubtful  M  element  of  5".  latus  is  a  nongeniculate
element  with  a  short  base,  and  shows  some  similarity
to  the  M  element  of  Kirkupodus  tricostatus  firom
central  New  South  Wales  (Fig.  12A-C).  Later  Lofgren
(2003)  also  illustrated  three  specimens  of  a  slightly
younger  species,  S.  gracilis,  firom  the  upper  Middle
Ordovician  (Z.  variabilis  Zone,  early  Darriwilian)  of
southern  Sweden,  as  the  Sb?  element  (Lofgren  2003,
fig.  7V),  the  Sd?  element  (Lofgren  2003,  fig.  7X)  and
the  P?  element  (Lofgren  2003,  fig.  7W).  Although
Lofgren's  revised  notation  for  the  species  apparatus
of  Scalpellodus  has  not  been  formally  published,  it
seems  clear  that  Baltic  species  of  Scalpellodus  do  not
have  tricostate  Sa  and  Sd  elements  similar  to  those  of
Kirkupodus.

Stouge  (1984)  endorsed  the  definition  of
Scalpellodus  given  by  Lofgren  (1978)  as  consisting
of  a  trimembrate  apparatus  and  recognised  a  tricostate
element  in  both  Scalpellodus pointensis  Stouge,  1984
and  Scalpellodus  biconvexus  (Bradshaw,  1969).  It
exhibits  sharp,  edge-like  posterior,  anterior  and  outer-
lateral  costae,  and  is  comparable  with  the  Sd  element
of  Kirkupodus  tricostatus  fi-om  central  New  South
Wales.  However,  neither  a  symmetrical  tricostate
Sa  element  nor  a  nongeniculate  M  element  was
recorded  in  the  apparatus  of  these  two  species  fi'om
Newfoundland.  They  are  considered  here  as  doubtfiil
species  of  Kirkupodus,  pending  further  study.

Kirkupodus  tricostatus  Zhen  and  Pickett  gen.  et
sp.  nov.

Figure  12

Derivation  of  name
Tricostate,  referring  to  the  distinctive  tricostate

Sa  (symmetrical)  and  Sd  (asymmetrical)  elements  of
the  species.

Material
1480  specimens  recovered  fi-om  14  samples

(see  Table  1)  collected  along  the  strike  of  the  1.5
m  thick  limestone  lens;  including  figured  holotype

AM  F.  133090  (Fig.  12D-F),  and  18  paratypes,  AM
R133088-89,AMF  133091-133 106  (Fig.  12A-C,  G-
AA).

Diagnosis
A  species  of  Kirkupodus  consisting  of  a

septimembrate  apparatus  including  bicostate  M,
bicostate  Sb  and  Sc,  tricostate  Sa  and  Sd,  and
drepanodiform  Pa  and  Pb  elements;  M  weakly
asymmetrical  with  an  antero-posteriorly  compressed
cusp,  Sa  symmetrical,  Sb  asymmetrical  with  a
posteriorly  flared  base,  Sc  strongly  asymmetrical
with  base  flared  more  postero-inner  laterally,  Sd
asymmetrical.  Pa  with  a  proclined  cusp  and  a
unexpanded  and  irmer  laterally  flared  base,  and  Pb
with  a  sub-erect  cusp  and  a  posteriorly-expanded
base;  all  elements  ornamented  with  fine  striae.

Description
M  element  weakly  asymmetrical;  cusp  curved

posteriorly  and  slightly  outer  laterally,  antero-
posteriorly  compressed  with  a  broadly  convex  anterior
face,  a  less  convex  posterior  face  and  a  sharp  blade-

like costa  on  each  side  forming  the  lateral  edges;  base
slightly  extended  posteriorly,  clam-shaped  in  outline
in  basal  view  with  a  broadly  arched  antero-basal
margin  (Fig.  12A-C).

Sa  element  symmetrical  and  tricostate  (Fig.
12G);  cusp  triangular  in  cross  section  (Fig.  12G),
proclined  with  a  broad  anterior  face,  a  sharp  blade-
like  antero-lateral  costa  on  each  side,  and  a  costa
along  the  posterior  margin;  base  posteriorly  extended
(Fig.  12D-G).

Sb  element  asymmetrical  with  a  broad  anterior
face,  an  antero-laterally  located  costa  on  the  inner
side  (Fig.  12L),  a  postero-laterally  located  costa  on
the  outer  lateral  side  (Fig.  12 J),  and  a  posteriorly
extended  base,  which  is  oval  in  outline  in  basal  view
(Fig.  12H-I,K).

Sc  element  strongly  asymmetrical  with  a  laterally
compressed  cusp,  and  a  base  which  is  flared  both
posterolateral  ̂ and  on  the  iimer  side  (Fig.  12M-
P),  and  widest  at  the  posterior  end  (Fig.  12P);  cusp
suberect  to  weakly  proclined  with  sharp  costa  along
its  anterior  and  posterior  margins  and  with  smooth
lateral  faces.

Sd  element  asymmetrical  with  a  broad  anterior
face,  and  with  a  sharp,  blade-like  costa  on  each
lateral  side  and  along  the  posterior  margin  (Fig.  12Q-
T);  cusp  proclined,  triangular  in  cross  section  (Fig.
12S),  with  inner  lateral  costa  more  anteriorly  located,
and  varying  firom  weakly  asymmetrical  (Fig.  12T)  to
strongly  asymmetrical  with  a  twisted  cusp  (Fig.  12Q);
base  extended  posteriorly,  oval  to  triangular  in  basal
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view  (Fig.  12Q,  T).
Pa  element  with  a  proclined  cusp  and  an  inner

laterally  flared  base  (Fig.  12X-AA);  cusp  with  sharp
anterior  and  posterior  margins,  and  broadly  convex
lateral  faces,  outer  lateral  face  bearing  a  broad  carina
located  antero-laterally;  sharp  anterior  and  posterior
edges  disappearing  before  reaching  the  basal  margin;
base  flared  inward,  long  and  posteriorly  without
prominent  expansion  (Fig.  12X,  AA),  flared  inward,
widest  at  the  mid  point  (Fig.  12Y-Z)  and  the  outer
side  of  the  basal  margin  more  or  less  straight  in  basal
view  (Fig.  12Z).

Pb  element  similar  to  Pa,  but  weakly  asymmetrical
with  a  suberect  cusp  (Fig.  12U-W)  and  a  shorter,
less  inner  laterally  flared,  but  posteriorly,  strongly-
expanded  base  (Fig.  12U-V).

Discussion
Kirkupodus  tricostatus  can  be  differentiated

from  the  known  species  of  Scalpellodus  in  having  a
symmetrical  tricostate  Sa  element  and  an  asymmetrical
tricostate  Sd  element,  and  by  lacking  the  long-based
elements  in  the  apparatus.  In  comparison  with  S.  latus
and  other  two  species  from  the  Middle  Ordovician  of
northern  Sweden  (Lofgren  1978),  the  current  species
has  strongly  developed  blade-like  costae  in  the  M  and
S  elements,  and  finer  surface  striae,  although  the  P
elements  are  comparable  with  the  Baltic  species  of
Scalpellodus.

Order  and  Family  Uncertain
Genus  Pseudooneotodus  Drygant,  1974

Type  species
Oneotodusl  beckmanni  Bischoff  and

Sannemann,  1958.

Pseudooneotodus  mitratus  (Moskalenko,  1973)

Figure  9A-B

Synonymy
Ambalodiis  mitratus  mitratus  Moskalenko,  1973,  p.

86,  pi.  17,  figs  9-11.
Pseudooneotodus  mitratus  (Moskalenko);  Nowlan

and  McCracken  in  Nowlan  et  al.  1988,  p.  34,  pi.
16,  figs  2-6  (cum  syn.);  Pohler  and  Orchard  1990,
pi.  6,  fig.  12;  Trotter  and  Webby  1995,  pi.  4,  figs
21-22  (cum  syn.);  Zhen  and  Webby  1995,  p.  285,
pi.  4,  figs  16-17;  Zhen  et  al.  1999,  p.92-94,  fig.
9. 14-9.15;  Zhen  et  al.  2003,  fig.  6Q.

Material
A  single  specimen  from  sample  C2346.

Discussion
Occurrence  of  this  species  in  the  Kirkup  fauna

is  very  rare,  only  represented  by  one  element  among
a  huge  collection.  It  is  rather  common  in  the  Upper
Ordovician  in  central  New  South  Wales,  previously
reported  from  the  Fossil  Hill  Limestone  (Zhen  and
Webby  1 995),  the  Ballingoole  Limestone  of  the  Bowan
Park  Group  (Zhen  et  al.  1999)  and  fi-om  the  Late
Ordovician  allochthonous  limestones  in  the  Bamby
Hill  Shale  (Zhen  et  al.  2003).  Morphologically,  the
current  specimen  is  identical  with  the  morphotype
showing  a  smooth  surface  without  nodes  on  the  flanks

Figure  12  (LEFT).  Kirkupodus  tricostatus  gen.  et  sp  nov.  A-C,  M  element;  A-B,  AM  F.133088,  paratype,
C2343,  A,  posterior  view  (IY86017),  B,  basal  view  (IY86018);  C,  AM  F.133089,  paratype,  C2343,  up-

per view  (IY86019).  D-G,  Sa  element;  D-F,  AM  E133090,  holotype,  C2340,  D,  lateral  view  (IY91034),
E,  basal  view  (IY91035),  F,  posterior  view  (IY91036);  G,  AM  F.133091,  paratype,  C2347,  upper  view
(IY92001).  H-L,  Sb  element;  H,  AM  F.133092,  paratype,  C2344,  upper  view  (IY92007);  I,  AM  R133093,
paratype,  C2344,  basal  view  (IY91027);  J,  AM  F.133094,  paratype,  C2343,  basal  view  (IY86020);  K,  AM
F.133095,  paratype,  C2343,  outer  lateral  view  (IY86022);  L,  AM  F.133096,  paratype,  C2343,  inner  lateral
view  (IY86024).  M-P,  Sc  element;  M-N,  AM  F.133097,  paratype,  C2343,  M,  inner  lateral  view  (IY86029),
N,  closing  up  showing  surface  striation  (IY86030);  O-P,  AM  F.  133098,  paratype,  C2343,  O,  outer  lateral
view  (IY86027),  P,  basal  view  (IY86028).  Q-T  Sd  element;  Q,  AM  F.133099,  paratype,  C2344,  postero-

basal view  (IY91019);  R,  AM  F.133100,  paratype,  C2343,  inner  lateral  view  (IY86040);  S,  AM  F.133101,
paratype,  C2343,  upper  view  (IY86033);  T,  AM  F.133102,  paratype,  C2343,  basal-outer  lateral  view
(IY86036).  U-W,  Pb  element;  U,  AM  F.133103,  paratype,  C2343,  inner  lateral  view  (IY86009);  V-W,  AM
F.133104,  paratype,  C2343,  V,  outer  lateral  view  (IY86011),  W,  basal  view  (IY86014).  X-AA,  Pa  element;
X-Y,  AM  F.133105,  paratype,  C2343,  X,  inner  lateral  view  (IY86012),  Y,  basal  view  OrY86013);  Z-AA,
AM  F.133106,  paratype,  C2344,  Z,  basal  view  (IY91028),  AA,  outer  lateral  view  (IY91029).  Scale  bars
100  ^m,  unless  otherwise  indicated.
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of  the  posterior  and  lateral  ridges  described  from
various  stratigraphic  units  of  the  Late  Ordovician
in  central  New  South  Wales.  The  occurrence  of  P.
mitratus  in  the  Kirkxip  fauna  of  early  Darriwilian  age
represents  the  earliest  record  of  this  species.
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The  tetracoral  species  Phillipsastrea scotti  sp.  nov.  and  Trapezophyllum  grattaiensis  sp.  nov.  are  described
from  strata  assigned  to  the  middle  Emsian  {nothoperbonus  to  inversus  conodont  zones:  Early  Devonian)
part  of  the  Cunningham  Formation  at  Grattai  Creek,  west  of  Mudgee,  N.S.W.  For  comparison  with  the
former,  Phillipsastrea  oculoides,  from  the  Early  Devonian  (late  Pragian  or  early  Emsian)  Garra  Formation
in  the  Wellington  area  of  N.S.W.,  is  revised  on  the  basis  of  the  type  material;  new  longitudinal  thin  sections
show  indisputable  horseshoe  dissepiments  and  trabecular  fans  in  this  species.
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INTRODUCTION

The  two  new  tetracoral  species  described  here
were  collected  by  Martin  Scott  from  the  Cunningham
Formation  on  Grattai  Creek  near  Mudgee,  N.S.W.
during  remapping  of  the  Dubbo  1:250  000
geological  sheet  (Meakin  and  Morgan  1999).  The
tetracorals  and  associated  tabulate  corals,  bryozoans,
stromatoporoids,  pelmatozoans  and  comminuted
shelly  debris  are  scattered  through  a  mass  flow  unit
at  about  the  middle  of  the  Cunningham  Formation;
pebbles  and  cobbles  of  calcareous,  volcanic  and
metasedimentary  rock  types  occur  at  this  locality  in
the  formation,  clearly  transported  from  a  shallow
water  zone  into  the  deepwater  environment  of  the
Hill  End  Trough  (HET).  The  original  source  of  these
fossils  was  probably  on  the  Capertee  High  to  the
east,  although  the  direction  of  transportation  of  this
fossiliferous  debris  has  not  been  established.

The  Grattai  Creek  fauna  described  here  is
important  as  age-diagnostic  macrofossils  are  rare
in  strata  of  the  Hill  End  Trough;  biostratigraphic
calibration  of  the  HET  sequence  has  been  hampered
by  the  lack  of  such  fossils,  so  any  new  occurrences

are  noteworthy.  To  put  this  in  perspective,  Table  1
shows  the  stratigraphic  positions  of  important  faunas
from  HET  strata.  This  fauna  was  first  discussed  by
Percival  (1998);  fiirther  details  of  the  occurrence  were
given  by  Meakin  and  Morgan  (1999)  and  Packham
et  al.  (2001)  who  provided  a  full  biostratigraphic
discussion.  Conodonts  identified  by  Percival  in
Packham  et  al.  (2001)  from  limestone  clasts  from
the  Grattai  Creek  locality  indicated  a  maximum  age
within  the  nothoperbonus  to  inversus  conodont  zones
(middle  Emsian,  late  Early  Devonian).

As  stated  above,  this  fossiliferous  horizon  lies
within  the  Cunningham  Formation,  the  highest
formation  of  the  Hill  End  Trough  sequence.  The  main
locality  is  on  the  southern  bank  of  Grattai  Creek;
material  has  been  collected  loose  or  as  clasts  in  the
outcrops.  The  fossiliferous  bed  extends  for  some
hundreds  of  metres  along  strike,  mainly  north  but  also
south  of  the  creek,  with  the  maximum  development  of
carbonate  clasts  in  exposures  on  the  southern  bank  of
the  creek.  The  largest  coral  specimen  measured  about
10  cm  in  maximum  dimension.  It  is  likely  that  much
loose  material  was  washed  away  by  severe  floods  in
2000,  and  little  coral  material  is  now  available.
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