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SUMMARY

The sequence of conodont faunas in  the N am urian  of Belgium  is described and 
com pared w ith  faunas of the same age in N orth Am erica, w estern Europe and Japan.

The faunas exhibit m ajor changes w ith in  the N am urian in  the Chokerian [HI], 
A lportian (H2) and K inderscoutian (R i) sub-stages involving the appearance of new 
species and genera and the disappearance of m any pre-existing ones.

These changes take place at approxim ately  the position of the M ississippian- 
Pennsylvanian boundary in  N orth Am erica. The palaeontology of these faunas is 
dealt w ith  in  detail and 47 species and sub-species have been recognised am ongst 
w hich A ngulodus sim plex, Lonchodina bischoffi, Idiognathoides sulcata sulcata, 
Idiognathoides sulcata parva, Idiognathoides m inuta , Streptognathodus lateralis and 
Gnathodus bilineatus bollandensis are considered new .

RESUME

Ce m ém oire décrit les faunes à conodontes du N am urien belge et les com pare 
aux  faunes du m êm e âge provenant de l ’A m érique du Nord, de l ’Europe occidentale 
et du Japon.

Des variations m ajeures ont pu  être observées dans le Chokierien {H t), 
A lportien (H2) et K inderscoutien (B/) m arqués p a r l ’apparition  et la  d isparition  de 
certaines espèces.

Ces changem ents faunistiques se s ituen t approxim ativem ent à la  lim ite Mississi- 
p ien-Pennsylvanien de l'A m érique du Nord. Les au teurs ont pu reconnaître 47 espèces 
et sous-espèces dont Angulodus sim plex, Lonchodina bischoffi, Idiognathoides sulcata 
sulcata, Idiognathoides sulcata parva, Idiognathoides m inuta , Streptognathodus  
lateralis et Gnathodus bilineatus bollandensis sont décrites pour la prem ière fois.





CONODONT 
STRATIGRAPHY AND PALAEONTOLOGY

O F TH E

NAMURIAN OF BELGIUM

INTRODUCTION

The lack of inform ation concerning the d istribution of N am urian conodont faunas 
in Europe led one of us (A.C.H.) to study the sequence of species in  the Pennine 
area of England (H iggins, 1961, 1962).

Subsequently th is w ork  w as extended to include the N am urian of Belgium in 
collaboration w ith  J. B o u c k a e r t . The considerable know ledge of the sequence of 
goniatite faunas in both these areas provided very close stra tig raph ie  control for 
such a study and has m eant that each sam ple could be accurately dated and therefore 
placed in the standard  north  w est European N am urian sequence, m uch of w hich 
was firs t described in the areas w hich have been studied.

In  the follow ing w ork  on the Belgium conodont sequence the conodonts have 
been studied by H iggins and the stratig raph ie control has been provided by 
B o u c k a e r t . D uring the course of the w ork it w as discovered tha t the earliest 
N am urian beds, previously designated E l,  w ere of earliest E2 age (B o uck aert  and 
H iggins, 1963) and therefore an incom plete N am urian  sequence has been studied. 
However, th is p a rt of the sequence has been studied in  England and the conodont 
faunas of this age w ill be described a t a la ter date.
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H IS T O R Y  O F  P R E V IO U S  W O R K  O N  N A M U R IA N  C O N O D O N T S .

Conodonts of N am urian  age have been described from  m any  countries bu t, 
w ith  the exception of the Japanese faunas (K o ik e , 1967), the com plete succession of 
faunas is unknow n. The m ajority  of the faunas of th is age have been described 
from  North Am erica w here there is often an unconform ity betw een the M ississippian 
and Pennsylvanian rocks and m uch of the sedim ent of N am urian  age is m issing.

U pper M ississippian, Chester Series, conodont faunas have been described in 
great detail in recent years in  a series of papers by R exroad  (1957, 1958), R exroad  
and Collinson  (1961), R ex ro ad  and B u r to n  1961) and Co llin so n , S cott and 
R exro ad  (1962). These papers described the sequence of Chester Conodonts in  the 
Upper M ississippi Valley. P rio r to these papers faunas of Chester age w ere described 
from O klahom a by B ranson and M eh l  (1941) and E lias (1956), from  Texas by 
H a s s  (1953), from Iowa by Y o ung q uist  and M iller  (1949) and R exroad  and 
F u r n is h  (1964) from  Nevada by D unn  (1965) and recently from  A rkansas by 
L ane (1967).

L ow er Pennsylvanian conodonts are ra th e r less well know n. They include 
faunas described by H a r r is  and H o llin g sw o rth  (1953) from  Oklahom a, by 
H arlton (1953) from Oklahom a, by E llison  and G r a v e s  (1941) from Texas, by 
D unn (1966) from  Nevada, Texas and O klahom a and  by L ane (1967) from  A rkansas.

Faunas from  Europe are less com prehensive. H inde (1900), described conodonts 
of Lower N am urian age from  the U pper Lim estone Group of Scotland and m ore 
recently Cla rk e  (1961), revised and extended this w ork, incorporating conodonts from 
later N am urian rocks in his paper. In  England early  N am urian conodonts w ere 
described by H iggins (1961) and a com plete sequence of N am urian conodont faunas 
w as described in  an unpub lished  w ork  by H iggins (1962). In  Belgium , D emanet (1938, 
1941) referred  to conodonts from  early  N am urian shales and  figured several specim ens. 
The faunas, how ever, w ere treated  as n a tu ra l assem blages. S chm idt (1934), also 
described n a tu ra l assemblages from  Low er N am urian  shales in  Germ any. Lower 
N am urian faunas have been described from  Spain by H iggins (1962) and B oogaert (1967) 
and from  North A frica by R emack-P etitot (1960). Conodonts from  the N am urian 
of F rance w ere identified by L y s , M auvier  and S e r r e  (1962) from  N orthern France.

Until recently  Asian conodonts of N am urian  age w ere unknow n b u t tw o papers 
by Igo and K o ik e  described faunas of Lower N am urian  (1965) and U pper N am urian  
(1966) age, and in  1967 K oike  described faunas from  the Atetsu Lim estone w hich is 
of Low er and U pper C arboniferous age.

ST R A T IG R A P H Y  O F  T H E  N A M U R IA N  O F  B E L G IU M .

The N am urian  rocks of Belgium  have been studied in  considerable detail in 
recent years by a num ber of w orkers, notably B o uck aert  (1959, 1960, 1961, 1962, 1963, 
1966-1967) and V an Leckw ijck  (1964). As a resu lt of these studies it has become clear 
that, w ith  the exception of the Pendleian  [E1] sub-stage, the faunal succession in 
Belgium is essentially sim ilar to tha t in  the Pennine D istrict of England. T he 
subdivision of the N am urian  in Belgium  has recently been sum m arised by V an 
L eckw ijk  (1964) and is as follows :
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Sub-Stages.

Namurian C ............................................. Yeadonian (Gt) Lower Gastrtoceras.

( M arsdenian (/}«) Upper Reticuloceras.
Namurian B ... .....................................  !

( K inderscoutian (fli) Lower Reticuloceras.

, A lportian (H3) Upper Homoceros.
Namurian A ............................................. Chokerian (Hi) Lower Homoceros.

( Arnsbergian (E2) Upper Eumorphoceras.

T he earliest beds of the N am urian as com pared w ith  B ritain are absent 
(B o uck aert  and H iggins, 1963) and over most of Belgium  the relationship  of the 
N am urian to the Visean is one of disconform ity w ith  the h igher zones overlapping 
the low er ones around the B rabant M assif (B o u c k a e r t , 1967). The upper beds of 
the N am urian pass into the W estphalian  w ithou t a break.

The N am urian sequence in  Belgium and the neighbouring areas consists of 
330-800 m. of sedim ent w hich  is thickest in  the east in W estern  G erm any (see 
V an L eckw ijck , 1964) th inn ing  w estw ards to 330 m. in the C harleroi Basin and 
then thickening to 600 m. in  the Bassin du Nord in  N orthern France. The sedim ents 
of the A rnsbergian and low er part of the Chokerian are predom inantly  m arine shales, 
in places calcareous, w ith  paralic sequences appearing in  the extrem e east of Belgium 
during  E2b tim es. The paralic  sequences spread w estw ards along the southern 
m argin  of the B raban t M assif du ring  the upper part of the Chokerian and into the 
Cam pine during  the A lportian. P ara lic  conditions of sedim entation w ere norm al 
everyw here during  the succeeding sub-stages of the N am urian.

The detailed descriptions of the sam pled sections are given below :

LOCALITIES.

I. —  B olland B o r e h o l e . Planchette 122 W , No. 260.

Bolland is 9 km . SE of Visé.
Sam ples w ere taken at the follow ing depths :

Meters.

314.75.............
314.95................1
316.30...............  1

Grey-black shales ................

316.40 ...............
1 Reticuloceras coreliculalum.

316.00............... Bullion limestone .................
321.00 ................

Reticuloceras reticulatum.
322.00 ................ Grey-black shales .................
328.00 ............... Reticuloceras nodosum.

349.00 ............... Bullion limestone ................. Homoceratoides preretlculatus.
449.00 ................ Bullion limestone ................. Homoceros bey richianum.
456.00 ................ Bullion limestone .............. Cravenoceratoides fragilis.
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F ig. 1. — Sketch m ap ol the main Coal Basins of Belgium and the neighbouring area 
show ing the location of the sampled sections.
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II. — H autrage Co l l ie r y .

The sam ple consisted of a dark  grey shaly lim estone w ith  abundan t brachiopods. 
It w as taken from the Reticuloceras nodosum  m arine band (see Sta in ier , 1938) in 
a gallery at 752 m.

III. — T u r n h o u t  B o r e h o l e . Planchette T urnhou t, 17 E, No. 120.

T his borehole w as located in the prem ises adjoining the m unicipal sw im m ing 
pool. A full description of the core is given in De l m e r , 1962. Sam ples w ere taken 
from the following horizons :

Marine hed No. 6.

1,817.40 m. limestone bullion  ) j Reticuloceras gracile.
1,847.85 m. black s h a l e s ............................... j ( Reticuloceras bilingue, Rib.

Marine bed No. 12.

2.144.00 m. limestone ........................................................... Ilo moe eratoides prereticulatus.

Marine bed No. 13.
,• ( Homoceros subglosum.2.148.10 m. limestone   ) 9

( Homoceros beyrichianum.
2.152.10 m. siliceous limestone ............................................occurs below.

IV. — W ebbekom  Bo r e h o l e . Planchette Diest, 76 W , No. 264.

W ebbekom  is 1 %  km . SSE of Diest. A full description of the core is given 
in D elm er , 1955. Sam ples w ere taken at the follow ing depths :

Meters.

465.20 ..
467.00 ..
468.00 ..

Dark-grey shales Reticuloceras gracile.

V. —  M er b e s-S prim ont  Qu a r r y  at Bioul. P lanchette Bioul, 166 W , No. 122. 
See fig. 4.

The follow ing section is taken from  B oucka ert  and H iggins, 1963 :
Meters.

1. Saiuly micaceous shale.
2. Black shale with an E ial fauna : Eumorplioceras bisulcatum bisulcata 

bisulcatum ferrim ontanum , Eumorphoceras bisulcatum grassingtone 
cowlingense .............................................................................

3. Sandy micaceous shale .................................................  ...
4. Calcareous shale w ith Martinia aff. glabra
5. Shales w ith bullion limestones containing conodonts
6. Brownish shales, sometimes nodular ..............................
7. Limestones ................................................................................
8. Shales with lenticular limestones containing conodont
9. Black shales .................... .........................................................

10. Limestones with goniatites and conodonts ................

i, Eumorphoceras
se, Crat Plioceras

0.82
6.00
1.30
0.17
1.80
0.07
0.12
1.80
0.07
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NAMUR

Flowinne
F lo r i  f foux  

~YVT
Ronet,

¡Jambes

Bioul

IV o m a n  t

F ig. 2. — Sketch m ap of the area around Namur showing the location 
of the sam pled sections.
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VI. — Road section a t F law inne. P lanchette M alonne, 155 W , No. 426.

F law inne is 4 km . W SW  of N am ur on the road from  F law inne to Floriffoux, 
in the Sanibre Valley.

The locality is a t locality 13 (fig. 1} of B oucka ert , 1962 and w as described in
detail by Bouckaert  and D elm er , 1960, p. 407.

T he follow ing sam ples w ere taken from  th is section : Meters.

bed e) Soit shales. Homocerus moorei, Homocerus striolatum, Ileliculocerus uff. stubble[ieldi,
Heticuloceras nodosum, Anthracoceras sp., crinoid fragm ents ............................................  2.00
This bed was sampled at the base, middle and  top. 

bed k) Dirty, brownish shales, Pterinopeeten  sp., Heticuloceras paucicrenulatum, it. todmor-
denense, Heticuloceras sp.......................................................................      0.5U
This bed was sampled a t the base, middle and tup.

bed n) Soft shale with very abundant Productus ca rb o n a riu s ...........................................................  1.00
This bed was sampled in the middle.

VII. — C utting on a ra ilw ay a t R o n e t. Planchette M alonne, 155 W , No. 711.

The locality is 1 km . SW  of N am ur on the left bank  of the R iver Sam bre 
(locality 1 of B o u c k a e r t ,  1962). The full section is described in B o u c k a e r t ,  1962.

Sam ples w ere taken  at the follow ing horizons : Meters.

bed <i) Shales and  bullions with Homocerus beyrichianum  .................................. , ... ................. 4.0Ü
Two bullion horizons were sampled.

VIII. — C ita d e l o f  N a m u r. Planchette M alonne, 155 W , No. 688.

T his is locality 3 of B o u c k a e r t ,  1962, 18 m . SW  of the corner of a retain ing
w all below the Citadel. The full section w as described by B o u c k a e r t ,  1962. The
only bed sam pled w as a lim estone 0 .10  m . thick containing C rurithyris urei, 
Productus carbonarius, Ctenodonta, Homoceratoides prereticulatus, Ilomoceras henkei 
and crinoids.

IX. — Roadside exposure a t Jam bes. Planchette N aninne, 155 E, No. 380.

T his section w as described by B o u c k a e r t ,  1959. Sam ples w ere taken from  
tw o horizons; the low er one w as taken from  dark  brow n shales containing, am ongst 
others, Nucutoceras nucu lum  a t locality x  (fig. 1 of B o u c k a e r t ,  1959). The upper 
one w as taken from  bluish  m udstones 44 m . south of po int x  w hich  contain am ongst 
others Homocerus subglobosum ,

X. — M o r t r o u x .  Planchette Dalhem , 122 W , No. 257.

On the righ t bank of the R iver B erw inne 600  m . W N W  of M ortroux (see
L a m b re c h t,  1958).

a) Reticuloceras bilingue  m arine band. Sam ples w ere taken at intervals of
0 .50  m . above the base. Seven sam ples.

b) Hudsonoceras pro teum  m arine band. One sam ple.

X I. —  H o u y e u x . Planchette Herve, 122 E, No. 177.

See B o u c k a e r t ,  1960, shales w ith  R. reticulatum .
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XII. — W adeleux. Planchette Herve, 122 E, No. 354.

The locality is situated 250 in. SW  of the bridge crossing the M onty stream  
(see B ouck aert  1960, p o in t  813).

Heticuloceras circum plicatile  m arine band. Tw o sam ples w ere taken from  the 
band.

flortrouxa/hem
'ichelle

Abbaye de 
Va! b i eu

ade/eux
,zn
Vr1o 2 .

Houyeux

B oHand

F ig. 3. — Sketch map of the area around Visé showing the location 
of the sampled sections.

X III. — A bbaye de V al D ie u . Planchette Herve, 122 E , No. 356.

The locality is 1,200 m. NW  of the abbaye de Val Dieu on the left bank of the 
R iver B erw inne (see B ou c k a ert , 19130, point 148). Four sam ples w ere taken from 
levels II and III of Bo ucka ert  1960. This is the  Heticuloceras reticu la tum  m arine band.

XIV. — Sections at the Couliery  oe M o iia .

T w o horizons w ere sam pled.

a) Gastrioceras listeri m arine band above Hayetle Coal in the second southern 
d rift a t 170 in. depth (see B o ucka ert  and M o l it o r , 1963).

b) Gastrioceras subcrenatum  m arine band.
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XV. — M onceau-s u r -S am bre. Planchette Font.-l’Êvêque, 153 W , No. 31(J.

T his is bed 5 of Boucka ert  (1967). Bullion limestone w ith  Cravcnoceratoides 
crildensis.

XVI. — N ouveau barrage E c l u se , Floriffoux. P lanchette M alonne, 155 W , No. 738. 

A single sam ple from  the Gastrioceras subcrenatum  m arine hand.

XVII. — S p y . Planchette Spy, 143 E, No. 211.

This section is on a pa th  ascending from  M oustier to La Sauvenière about 400 m. 
from  the entrance to the wood. T he bed sam pled w as a crinoidal limestone w ith , 
am ongst other fossils, Homoccratoides prereticulatus.

XVIII. — V e r v ie r s . P lanchette Verviers, 135 E, No. 191.

The bed sam pled w as a bullion lim estone w ith  Cravenoceras holm esi {see 
G raulich  and D elm er , 1959).

XIX. — Gutting in the J aiffe  à W arnant Q u a r r y . Planchette Bioul, 166 W , No. 151.

T his cu tting  was surveyed in  detail by D emanet in  1938. Below is a slightly 
revised version of the section given in  B oucka ert  and H iggins, 1963. Meters.

32. Brown carbonaceous shale with an F,2al fauna : Eumorphoceras bisulcatum  bisulcatum, 
Eumorphoceras bisulcatum ferr (montanum, Eumorphoceras bisulcatum grassingtonensc.
Cravenoceras cowlingense.

31. Sandy shale ...................................................................................................................................................  5.00
30. Calcareous shale with M artinia ait. glabra and conodonts ............................................................  1.50
30'. Limestone w ith abundant conodonts ......................     0.10
20. Black sittoified bed .....................................    O.in
28. Shales with phosphatic nodules ..........................................................    0.30
27. Browu shales with Cancgella membratiacea.......................................................................................... 0.70
26. Silicified beds and black shales, nodules with num erous r a d io la r ia ............................................ 0.80
25. Limestone with abundant Leiorhynchus carbonarius polypleurus ............................................ 0.10
24. Dark shales and lenticular limestones with conodonts ...................................................................  0.18
23. Partia lly  silicified limestone with conodonts ............................................  ...    0.20
22. Alternating black shales and silicified beds ...................................................................................... 0.30
21. Limestone with Goniatites subcircularis, Goniatitcs new som i and conodonts ......................  0.07

XX. — B laton. Planchette Blaton, 139 W , No. 279.

Section along the cutoff of the Nimy (Mons)-Blaton Canal across the « M ont 
des Groseilliers » (see B o ucka ert , D elm er  and Overlau , 1961). The general section 
is as follows : Meters.

1. Black shales w ith bullions w ith Homoceros beyrichianum. Three bullion horizons were 
sampled ,  .........................................           ... ... ... GO

2, Calcareous shales, black shales and phtanites w ith Cravenocerat. fragilis, Cravenocerat.
cl. nititoides, Eumorphoceras bisulcatum  ................................................      70
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Warnant Bioul

Carr.Jaiffe Merbes-Sprimont

m e  t  r e s  

0

10

J / -

♦ 4-

* JO
* JO

*-/0

E2a1

V3c sup.

G o n i a t i t e s  n e w s o m i

*  c o n o d o n t  s a m p l e s

F ig. 4. — Sections through the Couches de Passage a t Jaiife à W arnant and Bioul 
showing the position, of the sampled horizons and those which contain conodonts.

3. Phtanites with a radioactive bed a t the base. These beds do not contain goniatites and 
the ir age is unknown. Beds sampled (see Boxhkaebt, Delmer and Overlau for locality 
numbers) 280. 271, 270, 267, 2ÜG .................................................................................................................  70

4. Mottled phtanites w ith calcareous shales a t the base. These beds contain Ncoglyphloceras 
spirale (Fie). Beds sampled a t levels 236, 108 ............................................     63

5. Calcareous shales, argillaceous limestones and alternating  lim estones and black shales
with Goniatites elegans (F3I>). Beds sampled at levels 112, 108, 98 .........................      44
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C O N O D O N T  ST R A T IG R A P H Y .

A . —  Conodont A bundance.

The abundance of conodonts in the N am urian, W estphalian , and in  all probability  
in the U pper Visean, is dependant on m any factors both pre- and  post-deposilional. 
The im portance of the post-depositional factors, particu larly  the breakage of fragile 
specim ens due to com paction, can be appreciated from the large num bers of incom plete 
specim ens w hich are variously called Hindeodella sp, or Lonchodus sp. in m ost U pper 
Palaeozoic conodont papers. N orm ally it is not possible to assess the am ount of 
breakage w hich  has taken place and in  any case it  is p robably  not a very high 
percentage of the fauna in m ost sam ples. However, in the U pper Carboniferous and 
the U pper Visean it m ay w ell be a large proportion  of the fauna. The w ork of 
R hodes (1952), S cott (1934, 1941) and S chm idt  (1934) on conodont assemblages from 
the U pper C arboniferous in Europe and N. A m erica clearly indicated tha t the most 
abundan t m em bers of the assem blages w ere the most fragile ones, the hindeodellids, 
synpriodinids and ozarkodinids. In the best preserved N am urian faunas these are the 
m ost abundan t m em bers although they are never as abundan t as they are in the 
assem blages. The great abundance of very fragile specim ens, however, is only found 
in the very hard , calcareous bullions w hich w ere presum ably  more resistan t to 
com paction than  m ost o ther sedim ents and in  fact only in the very hardest bullions 
are really w ell preserved faunas found. In  softer bullions and in  m ost lim estones 
the fragile elem ents are a m inor part of the fauna and only the m ore massive 
specim ens are preserved. In shales and soft m udstones the entire fauna often consists 
only of m assive specim ens, particu larly  the polygnathids w hich  probably represent 
only about one-quarter of the original fauna. T his occurs only in heavily indurated  
shales w here m any  of the specim ens are strongly fractured . In m any shales some 
proportion of the fragile non-polygnathid elem ents m ay be preserved, the actual 
figures vary ing  according to the tectonic history of the area.

This loss of a large proportion of the fauna is not very  im portan t s tratig raph ically  
because the most sensitive zonal indices are the polygnathids, b u t it m eans that 
abundance figures in  the N am urian are for the m ost p a r t m eaningless.

T his factor of post-depositional breakage appears to be the m ain factor controlling 
the abundance of conodonts in the N am urian , for they occur in  all types of m arine 
sedim ents and w ith  a variety of o ther fossil types. They occur in shales, limestones 
and  m udstones and w ith  goniatites, lam ellib ranchs and calcareous brachiopods. 
T hough th e ir abundance does vary  it  does not vary  w ith  e ither fossil or rock type.

B. —  Conodont D ist r ib u t io n .

The distribu tion  chart (Chart 1) clearly indicates tha t few species range throughout 
the N am urian and th a t m any species have a range w hich is sufficiently lim ited  to 
allow  their use as s tratig raph ie indices. It also indicates th a t there are gaps in the 
conodont sequence, th is being due on the one hand to the absence in Belgium  of the



C hart N o. 1*

Vsc
E l

HI
H2 R1 m Gl

E la E2b2 E2b3 E2C H2C2 Rias Rf2b R1C1 R i d R ia l R ib I Gla Gib

Cavusgnathus navicula  ...................................... X

Gnathodus g irtyi sub. sp. nov................................ X

Hibhardella m illeri ............................................. X

Hindeodella undata  ............................................. X

Larnbdagnathus macrodentata  ........................ X

Lonchodina bischoffi ............................................ X

Lonchodina furnishi ............................................. X

M agnilaleralla robusta  ...................................... X

Neoprioniodus s c i tu lu s ............................................ X

Neoprioniodus spathalus ... ... ........................ X —
Spathognathodus campbelli ............................... X — — — — — — —  —  —  — — — —  —

Subbryanlodus subaequalis ............................... X

Gnathodus com m utatus ... ............................... X — X X

Gnathodus cruciformis ........................................... X

Gnathodus g irtyi g ir ty i ...................................... X X — X

Gnathodus g irtyi interm edius  ............................. X — — X

Metalonchodina sp ..................................................... X

Gnathodus nodosus . ............................................. X — — X X — — —  —  —  — — — —  —

Gnathodus bilineatus bilineatus .......... .......... X X — X X X

Hindeodella germana  .............................................................. X — — X — X — —  —  —  — — — —  —

Neoprioniodus singularis ..................................... X — X X X X

Hibhardella acuta  ................................................... X — — X X X X

Hindeodella uncata  ............................................................... X X X ' X X
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Roundya barnettana .................
Hindeodella ibergensís .........
Ligonodina typa ........................
Neoprioniodus conjunctus .........
Ozarkodina delicatula ..............
Synprioniodina m icrodenta
Gnathodus n o d u life r u s ...............
Angulodus sim plex  .................
Gnathodus bilineatus bollandensis
Hibbardella pennata  .................
Ligonodina fragilis .................
Lonchodina  sp.................................
Gnathodus cf. girtyi .................
Gnathodus japonicus .................
idiognathoides m inuta  .........
Streptognathodus elegantulus . 
Slreptognathodus lateralis
Idiognathoides corrugata ........
Idiognathoides sinuata sinuata  
Idiognathoides sulcata sulcata
Idiognathoides attenuata  .........
Idiognathoides convexa  ..........
Idiognathoides sulcata parva ... 
Lonchodina c la r k i ........................

C hart N o. 1 (continued).
CD

E i
Hi

m

H2c2

lii m G2

Eia E ib i EtbS Eic R ías R iib  R ie t R tc l Rîa2 R2b1 Gia G2b

X X X

X — X X X X -  —  -  X X X — X

— — x — X — X —  —  — x — X X

— — X —

X

X

X

X

x — — X

— X

X?  — -  —  

— X X X

X

X

X

X

— x  — —

x — _

X 
1 

1 
1 

1 

X 
X 

X 
X 

1

X 
1 

1 
1 

1 

1 
1 

1 
1 

1

X

— — — — — — —
— —

x
X

X

X

X

< 
X 

X 
1 

X
 

1 
X 

1 
1 

1 

1 
X 

1 
1 

1

i 
I

I
 

I
I

< 
X 

I 
I 

X 

I 
X 

X 
I 

I

X X 

X X

—  —  —  — — — x  — — X X X X X

— —
X X  — X x -  

X X

X X 

X X

. * * “ ' -  - — — — X

— X

A. C. 
H

IG
G

IN
S 

AND 
J. 

B
O

U
C

K
A

U
R

T. 
— 

CO
N

O
D

O
N

T 
ST

R
A

T
IG

R
A

PH
Y



AND PALAEONTOLOGY OF THE NAMURIAN OF BELGIUM.

C hart No, 2.

19

B ioul J a if f e

10 8 7 5 21 23 24 28 30' 30

Cavusgnathus n a v ic u la .............................. _ X _ _ _ X — — — —

Gnathodus girtyi sub. sp. nov.................... — X X — — X — — — —

Hibhardella m illeri ... ............................... — — X — — — — — — —

Hindeodella undata  .................................... — — X X — X — — — —

Lambdagnathus macrodentata ................ — — X — — X — — — —

Lonchodina bischoffi ............................... — — X — X — — — — —

Magnilaterella robusta ............................... — — X — — — — — — —

Metalonchodina sp............ ........................ — — X X X X — X X —

Neoprioniodus scitulus ............................... — — — — — X X — — -

Xeoprioniodus spalliatus ....................... — — — X X X — — — —

Subbryantodus su b a eq u a lis ...................... — — _ X — — — X X —

Spathognathodus c a m p b e lli ..................... — — — X — — — — — —

Gnathodus commutatus ............................ X X X X X X X X X —

Gnathodus cruciformis ............................. X — — — X — — X — —

Gnathodus nodosus ..............  ................. X — — — X — X X X —

Gnathodus bilineatus b ilin e a tu s .............. X — X X X .  — X X X —

Hindeodella germana  .............................. — — — — X — X X X —

Hindeodella u n c a ta ...................................... — — X — X

Xeoprioniodus singularis ....................... X — X X X — X X X —

Gnathodus g irtyi g i r t y i .............................. X X X X X X — X X X

Gnathodus g irtyi intermedius ................ — X — — — — — X X X

Hibhardella acuta ...................................... — — — X

Tloundya b o rn e tia n a ................................... — — — — X X — X X —

Hindeodella ibergensis .............................. X — — — X — — X X —

Neoprioniodus conjunctus ....................... — — — X

Ozarkodina delicatula  .............................. — — — — — X — — — —

Synprioniodina m icro d o n ta ...................... X — — _ — — — — — —

Ligonodina t y p a ........................................... — X — X X — — X X —

Lonchodina fu r n i s h i ................................... — — — — X — — — — —
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Pendleian  {El), sub-stage and  the d ifficulty  of obtain ing in Belgium su itab le sam ples 
of Yeadonian (G1) age on the o ther. Conodonts from  both sub stages are how ever, 
know n from B ritain  (H ig g in s , 1961, 1962).

1. V3c. —  Couches de Passage.

These beds w ere described in detail by D emanet (1938) and B o uck aert  and 
H iggins (1963) w ho show ed them  to  consist of alternations of lim estone and shale 
w ith  brachiopoda, crinoids and goniatites. T he latter include Goniatites subcircularis 
and Goniatites new som i.

Tw o sections have been exam ined in  detail, the quarry  at Jaiffe à W arn an t 
(loc. XIX), and the M erbes-Sprim ont Q uarry at Bioul (loc. V). F rom  the form er 
some six horizons yielded conodonts and from  the la tter four (see C hart 2).

The fauna is varied  bu t there is a preponderance of one genus in most sam ples 
this being the genus Gnathodus w hich usually  com prises some 70 % of the total 
fauna. P articu larly  common are the species Gnathodus bilineatus and Gnathodus 
g irty i and a t some horizons Gnathodus nodosus. O ther abundan t species include 
Gnathodus com m utatus  and Neoprioniodus singularis. S tratig raphically  the im portan t 
species are Gnathodus nodosus, Lam bdagnathus m acrodentata  and N eoprioniodus 
spathatus w hich  have not been recorded below  th is horizon. Cavusgnathus m ay be 
locally useful because it has not been recorded below  V3b or above V3c in Belgium . 
S im ilarly  Gnathodus g irty i subsp. nov. has not been recorded in the N am urian.

This fauna belongs to the bilineatus-nodosus zone.

2. Sub-stage A rnsbergian (E 2).

The A rnsbergian w as sam pled at four m ain horizons, E2ai a t Bioul (loc. V), 
E2b2 a t M onceau-sur-Sam bre (loc. XV), E2b3 at Verviers (loc. XVIII), and E2c a t 
Bolland (loc. I). The u p p er three horizons w ere limestones or lim estone bullions 
and the firs t w as a 'shale . The following species w ere recorded :

M etalonchodina  sp.
Gnathodus com m utatus  (B ranson a n d  M e h l ).
Gnathodus nodosus B isc h o f f .
Gnathodus bilineatus bilineatus (R o undy).
Gnathodus cruciform is  Cl a r k e .
Hindeodella germ ana  Ho l m e s .
Hindeodella uncata  (H a s s ).
Neoprioniodus singularis  (H a s s ).
Gnathodus g irty i g irtyi H a s s .
Hibhardella acuta M u r r a y  a n d  C h r o n ic .
R oundya subacoda (Gunnell).
Hindeodella i bergensis B is c h o f f .
Ozarkodina delicatula  (S ta uffer  a n d  P lu m m er).
Synprioniodina microdonta  E l ijs o n .
Hibbardclla pennata  H iggins.
Ligonodina fragilis H a s s .
G nathodus bilineatus (R oundy) subsp. bollandensis n o v .
A ngidodus sim p lex  sp. nov.
Ligonodina typa  (Gunnell).
Gnathodus noduliferus ? (E llison  a n d  G r a v e s).
Gnathodus g irtyi interm edius  G l o b e n sk y .
Lonchodina. sp.
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The conodont faunas of lile A rnsbergian are basically very sim ilar to those 
of YSc. The abundan t species are Gnathodus bilineatus, Gnathodus nodosus and 
Neoprioniodus singularis. In  bullion faunas species of Hindeodella  such as H. ibergensis 
and II. germana  are very common. T here are, however, several differences from 
any earlier faunas. In  the first place the faunas are less varied and species such as 
Spathognathodus cambelli, Lam bdagnathus m acrodentata, Subbryantodus subaequalis 
and  Gnathodus g irty i subsp. nov. have not been recorded from  the A rnsbergian. 
In the second place new  form s appear in  the A rnsbergian w hich  have not been 
recorded below this horizon. These include Gnathodus noduliferus  w hich  is doubt­
fully recorded from the E2al sub-zone and w hich  is com parable to Cavusgnathus 
nodulifera  recorded from  basal E2 beds in  northern  Spain (H iggins, 1962). This 
species is rare in  the A rnsberg ian .. They also include Gnathodus bilineatus bollan- 
densis a new  subspecies w h ich  m akes its first appearance in  the E2b2 subzone at 
M onceau-sur-Sam bre and is a common elem ent of m iddle and u pper Arnsbergian 
faunas. Also appearing  for the first tim e are Hibhardella pennata, Ligonodina fragilis 
and A ngulodus s im p lex  bu t only the  firs t nam ed species has not been recorded from 
below the A rnsbergian elsew here.

3. Sub-stage C hokerian (H I ) .

The lowest zone of this sub-stage, th a t of Homoceros subglobosum  is not w ell know n 
in Belgium and the one locality at w hich  it w as sam pled (loc. IX) did  not yield 
a fauna.

The u pper zone, tha t of Homoceros beyrichianum  however, yielded good faunas 
from several localities. These w ere Ronet (loc. VIII), Blaton (loc. XX) and Bolland 
(loc. I). The fauna includes the following species :

Gnathodus bilineatus bilineatus (R o undy) . . . .
Hindeodella germ ana  H olm es ................................
Hindeodella uncata  (H a s s ).
Neoprioniodus singularis (H a s s ) .  .....................
Gnathodus cf. girty i H a s s  ..........................................
Ribbardella acuta M u r r a y  an d  Ch ro nic  .............
Ozarkodina delicatula (S ta u ffer  an d  P lu m m e r )
Synprioniodina m icrodenta  E llison  .......................
Gnathodus bilineatus bollandensis subsp. n o v .
Angulodus sim plex  sp. n o v ......................... . .............
Idiognathoides m inu ta  sp. n o v .......................................
Gnathodus noduliferus  (Elliso n  a n d  G r a v e s) . 
Gnathodus japonicus (Igo a n d  K o ik e) . . . .  . . .
Ligonodina typa  (Gunnell) ..............................   ...
Hindeodella ibergensis B isc h o f f  .............................

L
L

L
L, U
L
L
L
L
L
U
U
u
L
L

L= Lower Fauna; U Upper Fauna,

The faunas of this gonialite zone fall into tw o parts, an  upper and a low er, 
w hich are very different in  character. The low er p art has a fauna w hich  is a 
continuation of the late A rnsbergian faunas w ith  Gnathodus bilineatus bilineatus 
and G. bilineatus bollandcnsis, Neoprioniodus singularis and Hindeodella germ ana  in 
abundance. The u pper p art has a fauna in  w hich  the above species are absent and 
their place is taken by Gnathodus noduliferus, Gnathodus japonicus and Idiognathoides 
m inuta . The la tte r species appears to be restric ted  to this horizon; it has been 
recorded from the same zone in England.
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4. Sub-stage A lportian (H 2 ).

Only tw o of the three zones of this sub-stage are know n in Belgium  and only one, 
the Homoceratoides prereliculatus  is w idespread. T his la tter zone has yielded very 
abundan t and distinctive faunas at th ree localities. These are Spy (loc. XVII), the 
Citadel of N am ur (loc. VIII), and Rolland (loc. I).

The following species w ere recorded :

Hindeodella uncata  (H a s s ).
Gnathodus c f . g irty i H a s s .
Hibhardella acuta M u r r a y  a n d  Ch r o n ic .
Hindeodella ibergensis B i s c h o f f .
Ozarkodina delicatula  (S t a u f f e r  a n d  P l u m m e t ).
Angulodus sim plex  sp. nov.
R oundya bornetiana  H a s s .
Synprioniodina  m icrodenla  Elljso n .
Gnathodus noduliferus  (E llison  a n d  G r a v e s).
Gnathodus japonicus  (Igo a n d  K o ik e ).
Streptognathodus elegantulus S ta u ffer  a n d  P l u m m e r .
Streptognathodus lateralis sp. nov.

T his fauna is a continuation of tha t found in the u p p er p art of the Homoceros 
beyrichianum  zone. The m ost abundan t species are G nathodus noduliferus  and 
Streptognathodus lateralis and in  the bullions Hindeodella ibergensis. The most 
im portan t new feature is the appearance of the genus Streptognathodus. T his is
unlikely  to be its earliest occurrence since it is know n from  low er zones in the
A lportian and Chokerian in  England and has been recorded from  the Hudsonceras 
proteum  zone in N orthern F rance (Ly s , M a u v ie r  and S e r r e , 1962). However, it
does not occur in abundance below the A lportian and appears to be characteristic
of the sub-stage.

5. Sub-stage Kinderscoutian (R l) .

The K inderscoutian has been described in  great detail by B o uck aert  (I960)
and is w ell know n in Belgium. Consequently it has been sam pled at severa!
localities. Reticuloceras nodosum  [Rib) and R. reticu la tum  (R lc ) w ere sam pled
from  Bolland (loc. I). R. nodosum  w as also sam pled from  H autrage (loe. i I). 
R. circum plicalile [Ria) and R. nodosum  w ere sam pled a t F law inne (loc. VI).
R. reticulatum  w as sam pled at Abbaye de Val-Dieu (loc. XIII). All of these sam ples 
yielded conodonts, b u t the m ajority  w ere from  shale horizons and the fauna largely 
consisted therefore of polygnathids.

The follow ing species w ere recorded :

R oundya barnettana  IIa s s .
Hindeodella ibergensis B isc h o f f .
Ozarkodina delicatula  (S ta u ffer  a n d  P lu m m e r ).
G nathodus noduliferus (E llison  a n d  G r a v e s).
Gnathodus japonicus (Igo an d  K o ik e ).
Streptognathodus elegantulus S ta u ffer  a n d  P l u m m e r .
Streptognathodus lateralis sp. nov.
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Idiognathoides corrugata (H a r r is  a n d  H o llin g sw o r t h ).
Idiognathoides sinuata sinuata  H a r r is  a n d  H o l l in sw o r t ii.
Ligonodina typa  (Gunnell).
Idiognathoides sulcata  sp. nov.

The appearance, for the first tim e, of the genus Idiognathoides a t the base 
of the K inderscoutian is of considerable im portance because it is one of the m ost 
abundan t genera in the succeeding stages. It is know n to occur at earlier horizons 
in  England but it has no t been recorded in abundance below this sub-stage. It is 
represented by three species, Idiognathoides corrugata , Idiognathoides sinuata sinuata  
and Idiognathoides sulcata  of w hich  I. corrugata has not been recorded below th is 
sub-stage. Gnathodus noduliferus  and Streptognathodus lateralis are still abundan t 
species

6. Marsdenian (R2).

The M arsdenian has been sam pled at tw o localities. The low er one, Heticuloceras 
gracile [R2a) horizon, w as sam pled at W ebbekom  (loc. IV), and  the u pper one 
It. bilingue (R2b) a t T u rn h o u t (loc. III). One sam ple from the latter horizon w as 
a limestone bu t it did not yield a large fauna. The rem ainder w ere shales and 
therefore yielded m ainly polygnathids.

The follow ing species w ere recorded :

Roundya bornetiana H a s s .
Hindeodella ibergensis B is c h o f f .
Ozarkodina delicatula  (S ta u ffer  an d  P lu m m e r ).
Angulodus sim p lex  sp. nov.
Streptognathodus elegantulus S ta u ffer  an d  P l u m m e r .
Streptognathodus lateralis sp. nov.
Idiognathoides corrugata  (H a r r is  an d  H o llin g sw o r t h ).
Idiognathoides sinuata sinuata  H a r r is  a n d  H o l l in sw o r t ii.
Idiognathoides attenuata  (H a r r is  an d  H o l l in sw o r t h ).
Gnathodus japonicus  (Igo an d  K o ik e ).
Ligonodina typa  (Gunnell).
Idiognathoides sulcata  sp. nov.

The composition of the faunas changes at this horizon and Gnathodus nodu­
liferus  d isappears although a few specim ens have been recorded from  England. The 
im portan t forms at th is stage are Idiognathoides and Streptognathodus . Idiognathoides 
is represented by Idiognathoides sinuata , Idiognatoides sulcata  and I. corrugata , 
w hich w ere present in the K inderscoutian, and Idiognathoides attenuata  w hich  
appears a t this horizon. Gnathodus japonicus is uncom m on. Lvs, M a u v ie r  and 
S e r r e  recorded the occurrence of Idiognathodus in  the R2b zone in N orthern France,
and it is know n to occur in R2a in B ritain  (H iggins, 1962).

7. G2.
The Lower W estphalian  m arine bands of Gastrioceras subcrenatum  and Gastrio- 

ccras listeri w ere sam pled at the colliery of M oha (XIV). T he low er bed of the 
tw o was preserved in  shales and so yielded only polygnathids, b u t the u pper one
was sam pled from both bullions and shales.
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T he follow ing species w ere recorded :

Idiognathoides sulcata  sp. nov.
Neoprioniodus conjunctus  (Gunnell).
Ozarkodina delicatula  (S ta u ffer  an d  P lu m m e r ).
Synprioniodina microdonta  E ll iso n .
Streptognathodus elegantulus STAUFFER a n d  P l u m m e r .
Streptognathodus lateralis sp. nov.
Idiognathoides corrugata  (H a r r is  a n d  H ollins w o r t h ).
Idiognathoides sinuata sinuata  H a r r is  a n d  H o l l in g sw o r t h .
Idiognathoides attenuata  (H a r r is  a n d  H o l l in g s w o r t h ).
Idiognathoides convexa  (E llison  an d  G r a v e s).
Idiognathoides sulcata parva sp. and sub. sp. nov.
Lonchodina clarki (Gunnell).
Ligonodina typa  (G unnell).
Hindeodella ibergensis B i s c h o f f .

F undam entally  these faunas are sim ilar to those of the M arsdenian. They are 
dom inated by Idiognathoides and Streptognathodus w ith  additional species such as 
Idiognathoides convexa  and Idiognathoides sinuata parva. The form er appears at 
the base of the W estphalian  and the latter at the G. listeri m arine hand.

S tratig raph ic  Co n c l u sio n s .

The succession of conodont faunas m ay be sum m arised as follows :

1. F5c ................  Faunas characterised by Gnathodus bilineatus, G. girtyi girtyi, C. girtyi inter­
medius, tí. girtyi sub. sp. nov. Gnathodus commutatus,  c . nodosus, Lambda­
gnathus macrodentata and species of Neoprioniodus.

2. Esa ................. These faunas are poorly known in Belgium, but may include the first occurrence
of the im portant species Gnathodus noduliferus.  They also include Gnathodus
bilineatus and G. girtyi.

3. Etbt-Eic  .........  These faunas are characterised by Gnathodus bilineatus, Gnathodus girtyi and
Gnathodus nodosus. Gnathodus bilineatus gotlandensis appears in the EibS sub­
zone. Gnathodus nodosus, Gnathodus commutatus, Gnathodus cruciformis and 
Hibhardella pennata have not been recorded above Eve.

4. HI-Lower ...... Gnathodus bilineatus bollandensis and Neoprioniodus singularis characterise the
early part of the Chokerian but no new species appear.

5. ///-Upper ...... Idiognathoides minuta, Gnathodus cf. girtyi, Gnathodus noduliferus and rare
specimens of Gnathodus japonicus  characterize the upper part of the Chokerian.

(!. Hi ....................  The appearance of Streptognathodus  In the Alportian and its association w ith
Gnathodus cf. girtyi, Gnathodus noduliferus and G. japonicus  characterise this 
sub-stage. The abundance of Hindeodella ibergensis, Ozarkodina delicatula and 
Synprioniodina microdonta  is characteristic of this and the succeeding sub­
stages.

lii ....................  The Kinderscoutian faunus have an abundance of Idiognathoides species, sueli
as Idiognathoides sinuata and 1. sulcata together w ith Gnathodus noduliferus.

li i  ....................  M arsdenian faunas are very sim ilar to those of the preceeding sub-stage differing
m ainly in the ra rity  of species of Gnathodus, particularly  Gnathodus noduliferus.  
Idiognathoides attenuata  appears at this horizon for the first time.

GS ....................  Idiognathoides species, particu larly  I. corrugata and I. attenuata dom inate early
W estphalian faunas. Gnathodus is absent. Species appearing for the first time 
include Idiognathoides sinuata parva and Idiognathoides convexa.
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CORRELATION OF NAMURIAN CONODONT FAUNAS.

The m ajor changes in  the succession of N am urian conodont faunas occur not 
a t the base and top bu t approxim ately  in the m iddle, in the C hokerian and 
A lportian sub-stages. It is a gradual change involving the disappearance of m any 
earlier species and the appearance of new  ones over a considerable span of tim e. 
It involves a change from  faunas dom inated by G nalhodus, w hich existed from  the 
early  Visean to the beginning of the Chokerian. to faunas dom inated hy Idiognathoides 
and Streplognathodus. It also involves a gradual reduction in the num ber of species 
from  a m axim um  of about 35 species in the early N am urian  to about 21 species in 
the late N am urian.

S im ilar changes can be seen to a greater or lesser extent in  successions of s im ilar 
age in  various parts of the N orthern Hem isphere.

Conodonts of N am urian age have been described from  N orth Am erica, several 
countries in Europe, North Africa and Asia and  most of them  show  considerable 
sim ilarity .

In North Am erica intensive studies in the  Upper M ississippian Valley by 
Co llin so n , S cott and R exroad  and others resulted  in the publication of six charts 
show ing the d istribu tion  of conodonts in the type area of the U pper M ississippian 
Chester Series and of the Devonian and the Lower and  M iddle M ississippian of the 
same area (Co llinson , S cott and R ex r o a d , 1962). The faunas from  the Upper 
Chester Series show  some sim ilarity  w ith  those of the Pendleian and  A rnsbergian 
of w estern  Europe although the differences are significant. All of the genera found 
in the U pper Chester Series, w ith  the exception of Cladognathodus and Hindeodus, 
have been recorded in the tw o low est sub-stages of the N am urian and eleven species 
including Gnalhodus bilineatus and  Gnalhodus g irty i are common to the tw o  areas. 
A general correspondence betw een the Glen Dean Form ation conodonts and early 
N am urian faunas w as noted by H iggins (1961) and a  general correlation betw een the 
highest Chester Grove Church Form ation (called Kincaid by R exroad and B u r t o n , 1961) 
and the base of the Homoceras (Chokerian) sub-stage w as suggested by Co llinson , 
S cott and R exro ad  (1962) on the basis of the m utual first appearance of Streplogna­
thodus. Lane (1967) has show n th a t the Grove C hurch specim ens do not belong to 
the genus Streplognathodus  bu t the general composition of the Grove Church faunas 
suggests a probable correlation w ith  the late A rnsbergian and early  Chokerian.

R exroad (1958) first noted the presence of a southern faunal province in  North 
America, including  O klahom a and Texas, w ith  ra th e r d ifferent conodont faunas. 
These la tter are dom inated by species of the genus Gnathodus ra th e r th an  species 
of Cavusgnathus w hich is the dom inant genus in  m ost of the northern  province 
faunas. These faunas from  the southern province, notably from  Texas (Ha s s , 1954) 
and from Oklahom a (El ia s , 1956), are closely com parable to early N am urian  faunas 
from Europe. Most of the common species in  the tw o areas are sim ilar including  
Gnathodus bilineatus , Gnathodus g irty i , Gnathodus com m utatus  and Neoprioniodus 
singularis and there seems to be a close correspondence in  age betw een the upper 
faunal zone of the B arnett Form ation of Texas, the D elaw are Creek Form ation 
of O klahom a and the early  N am urian  (El and E2) of w estern  Europe.

A fauna recently described from Nevada ( D u n n , 1965) show s elem ents of both 
faunal provinces including Gnathodus bilineatus, Gnathodus girtyi and Adetognathus 
unicornis. T he figured specimens of Gnathodus bilineatus appear lo be very sim ilar
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lo G nathodus bilineatus bollandensis and those of G nathodus g irty i s im p lex  are 
closely sim ilar to Gnalhodus noduliferus  w hich  w ould  place this fauna in the 
Chokerian or late A rnsbergian.

Conodonts of Low er Pennsylvanian age are poorly know n. T he m ost extensive 
fauna is from  the Dim ple Lim estone of Texas (E l l is o n  and G r a v e s , 1941). The 
conodonts of the low er Pennsylvanian  are less varied than  those of the Upper 
M ississippian and  are characterised  by three genera, Idiognathoides, Idiognathodus 
and Streptognathodus. All of the species of Idiognathoides found in the Dimple 
Lim estone are also found in the N am urian  of w estern  Europe, and com parison of 
the faunas suggests a correlation of at least the low er p art of the D im ple Limestone 
w ith  the highest part of the N am urian. All th ree genera first occur together in 
the M arsdenian (R2) sub-stage although the species of Idiognathodus  and Strepto- 
gnathodus  are ra ther sim ple form s at th is horizon. A general correlation of the 
D im ple Limestone w ith  the later N am urian-W estphalian  is suggested. The same 
general correlation applies to the early Pennsylvanian  conodonts described by 
Dunn (I960).

T here is, therefore, a correspondence betw een late M ississippian and late 
A rnsbergian-early  Chokerian conodont faunas and between la ter N am urian  and early 
Pennsylvanian conodont faunas, bu t there is little  evidence of faunas of A lportian 
and K inderscoutian age having  been described from North Am erica.

In Europe too, no-one has described a com plete sequence of N am urian  conodont 
faunas. C l a r k e  (i960) described faunas from  the U pper Lim estone Group (E2) of 
Scotland, w hich  are  very com parable to A rnsbergian faunas in Belgium, w ith  an 
abundance of species of Gnathodus such as Gnathodus bilineatus , Gnathodus 
com m uta tus , Gnathodus g irtyi and including  Gnalhodus nodosus. T he m ain 
differences are the presence in Scotland of Apatognathus  and several species of 
Spathognathodus  such as S. scitu lus , S. exodentatus and S. pusilus. A few  specim ens 
from  the M illstone G rit of Scotland include Gnathodus noduliferus  and Idiogna­
thodus  sp. w hich suggest a M arsdenian age for these beds by com parison w ith  the 
N am urian successions in England and Belgium . F aunas described from the N am urian 
of the English Pennines (H igg in s, 1961, 1962) show  an identical sequence to that 
of Belgium except that they are m ore complete, including  faunas of Pendleian and 
Y eadonian age, and are richer in variety because of their g reater abundance.

In a recent note by Lvs, M a u v ie r  and S e r r e  (1962) several species from  the 
N am urian of northern  France w ere identified. The im portan t po int of com parison 
between the French and the Belgian faunas is the presence of Streplognathodus  in 
the A lportian.

Conodont faunas of Pendleian and A rnsbergian age, described by H iggins (1962), 
B udinger (1965) and B oogaert (1967) from  Spain, follow the norm al pattern  for 
faunas of this age in  western Europe. The dom inant species are G nathodus bilineatus , 
Gnathodus com m utatus  and Gnathodus nodosus. A few  specim ens of Gnathodus 
noduliferus  w ere recorded from  the early  A rnsbergian by H iggins.

N am urian faunas from  Asia have been described recently by Igo and K o ik e  (1954, 
1965) and by K o ik e  (1967). These faunas from  Japan  show  m any points of sim ilarity
w ith  the European ones. Faunas of probable N am urian  age have been divided into
four zones (K o ik e , 1967). At the base is the Gnathodus bilineatus-G. com m utatus  
nodosus zone w hich  com pares broadly w ith  late V isean (Fdc) to m id-A rnsbergian 
faunas in  Europe. Above this is the Gnathodus bilineatus-G . nodulifera  zone w hich
com pares w ith  late A rnsbergian to C hokerian faunas in Europe. Follow ing this
zone is the Gnathodus w apanuckensis  zone of probable A lportian and K inderscoutian
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age and at the top is the Idiognathodus parvus-G nalhodus nodulifera  zone of 
probable M arsdenian and Y eadonian age.

An incom plete N am urian conodont sequence has recently been described from  
N orth Am erica by L ane (1967). The earliest faunas, referred  to the A detognathus 
unicornis zone show  little sim ilarity  to any described faunas in  Europe bu t the 
presence of species such as Cavusgnathus navicula, H ibbardella m illeri, Neoprioniodus 
varians and Neoprioniodus scitulus  suggest a late Visean-early N am urian age. Lane 
is uncertain  of the correlation of this zone w ith  the standard  N am urian  succession 
but broadly suggests an A rnsbergian age. Above this zone, bu t separated from 
it by a  considerable gap, is the Idiognathoides aff, I. nodulifera  zone. Only a  few 
specimens have been described from  this zone and of these only Idiognathoides aff. 
ƒ. nodulifera  bears any resem blance to European species. This species is com parable 
to Gnathodus japonicus and possibly Streplognathodus lateralis and therefore the 
zone correlates broadly w ith  A lportian and K inderscoutian beds. The succeeding 
zone, tha t of Gnalhodus bassleri sym m etricus, contains Idiognathoides corrugata, 
I. sinuata  and I. attenuata  and therefore correlates broadly w ith  M arsdenian and 
Yeadonian beds in Europe.
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SYSTEMATIC DESCRIPTION

All type and figured m aterial included in  th is study has been deposited in  the 
collections of the « Service Géologique de Belgique, Bruxelles ».

The heading d istribu tion  refers to the know n stra tig raph ie  ranges of conodonts 
in Belgium.

W here species are well know n only the original references fo the species has 
been given. E lsew here, synonym ies a re  complete.

Genus ANGULODUS H u d d le , 1934.

T y p e  s p e c i e s  : Angulodus dem issus  H uddle, 1934.

Angulodus simplex sp. nov.
(PI. 1, fig. 7.)

Angulodus w alrathi (H ibbard) H iggins, 1961, p i. X , f ig . 16.

Holotype : P i. 1, fig. 7.

D i a g n o s i s .  — A species of Angulodus  w ith  a  long, low posterior bar 
w hich bears incurved denticles, and a shorter, low, aborally  curved and  bent
an terio r b a r whose distal extrem ity is pointed.

D e s c r i p t i o n .  — The posterior bar is long and low bu t increases in
height tow ards the m id-point. The bar is s tra igh t or slightly  arched and slightly 
curved in oral view. It ru n s to a point at the posterior end, bu t the posterior end 
is often broken. On its oral surface are num erous alternating , rounded, slender 
denticles usually  w ith  a greater nu m b er in the m iddle of the bar. All the denticles 
are incurved but the large ones show  a greater degree of incurvatu re th an  the sm all 
ones. The alternation is regular in  sm all and average sized specim ens but becomes 
irreg u la r in large ones w here the denticles originate from  the outer side of a
laterally  thickened bar.

The m ain cusp is sm aller than the largest posterior bar denticle b u t in a few 
specim ens it has g reater incu rva tu re  than  the denticles of the posterior bar. There 
is often a sm all lip on the inner side of the unit, below the cusp, w hich m ay extend 
a little  w ay dow n the an terio r bar.

The an terior b ar is th in n er than  the posterior and is bent and incurved about 
30° and aborally bent about 45°. It is about one-fifth the length of the posterior 
bar in an average specimen but in sm all ones m ay be alm ost half the length. Its 
aboral edge is curved and m ay be sharp ly  bent dow nw ards a t the distal end. The 
whole b a r is slightly  folded along its length so th a t the inner side is concave and 
the outer convex. The oral surface bears num erous rounded denticles of tw o main 
sizes but they are not alw ays alternating.

The aboral cavity is sm all and m ay be continued along the u n it as a groove.
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C o m p a r i s o n s .  — T his species differs from  Angulodus w alra th i (H ibbard) 
in possessing a longer posterior bar, sm aller cusp and a shorter an terior bar.

D i s c u s s i o n .  — T his species alm ost certainly includes some of the specim ens 
w hich BlSCHOFF (1957) referred  to  A ngulodus w alrathi. He noted (pp. 17 and 18) that 
in  the upper p a r t of the Lower C arboniferous of Germ any w ere specim ens w ith  a 
sm all cusp and b a r denticles w hich  w ere incurved. These specim ens probably belong 
to Angulodus sim plex  sp. nov. Typical specim ens of Angulodus w alra th i have not 
been recorded from  the N am urian.

D i s t r i b u t i o n .  — E2b2-fí2.

Genus CAVUSGNATHUS H a r r is  and H o l l i n g s w o r t h ,  1933. 

T y p e  s p e c i e s  : Cavusgnathus alta H a r r is  and H o l l i n g s w o r t h ,  1933.

Cavusgnathus navicula (Hindf.).
(PI. 2. figs. 7, 8.)

Cavusgnathus unicornis ? B o uck aert  and H iggins, 1963, fig. 3. 

D i s t r i b u t i o n .  — V3c supérieur.

Genus GNATHODUS P an der , 1856.

T y p e  s p e c i e s  : Gnathodus m osquensis P ander, 1856.

Gnathodus bilineatus (R oundv) sub sp. bilineatus.
(PI. 3, fig. 9.)

Polygnathus (Gnathodus) M osquensis P ander (sic), H inde , 1900, pi. IX, figs. 2-4. 

D i s t r i b u t i o n .  — V3c-lll.

Gnathodus bilineatus (R oundv) sub. sp. bollandensis nov.
(PI. 2. figs. 10, 13; PI. 3. figs. 4-8, 10.)

H o 1 o ty  p e : 1*1. 2, fig. 10.

D i a g n o s i s .  — A subspecies of Gnathodus bilineatus w hose p latform  has a 
narrow  outer side w hich is w eakly ornam em ed.

D e s c r i p t i o n  :

O r a l  V i e w .  — The blade is narrow , straigh t or slightly  curved and  bears 
num erous la terally  com pressed denticles on its oral edge. Posteriorly, it is continued 
as a carina composed of fused and  laterally  thickened nodes w hich  narro w  tow ards 
the posterior end of the p latform . The carina is approxim ately the sam e length as 
the blade. The inner side of the p latform  parallels the carina b u t is for the most 
p a r t separated from  it by a trough. At the posterior end, how ever, the p latform  
m ay consist of isolated nodes w hich  m ay be fused to the nodes of the carina, form ing
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transverse ridges. A nterior to these the p latform  consists of an elevated, transversely 
ridged parapet w hich is w idest a t a point about one-th ird  from  the an terio r end, 
from  w hich point it tapers gradually  posteriorly  bu t sharp ly  an teriorly . T he outer 
side of the cup is w ider bu t shorter th an  the inner side and  is sub-ovate to sub- 
rectangu lar in outline. Its w id th  is about one-third of its length. The angle 
betw een the carina and the an terio r edge of the cup is approxim ately a rig h t angle. 
On the surface of the outer half of the p latform  is a sm all area ornam ented w ith  
nodes or ridges w hich  is separated from  the edge of the cup by a w ide, smooth 
m arginal band. Typically, the ornam entation  is concentrated in the an terio r half. 
In a few extrem e varian ts  the cup m ay be smooth except for a few' an terio r nodes. 
A djacent to, and often fused w ith  the carina, m ay be found a row  of nodes at the 
posterior end of the p latform .

L a t e r a l  V i e w .  —■ The carina  and the oral surface of the p latform  are 
dow ncurved posteriorly. T he oral edge of the blade is irreg u la r bu t usually  rises 
slightly  to a point about one-th ird  from  the an terio r end. The aboral edge of the 
u n it is stra igh t to slightly  concave.

A b o r a l  V i e w .  — The aboral side of the cup is strongly excavated and 
is crossed by a longitudinal groove w hich is continued beneath the blade.

C o m p a r i s o n s .  — Gnathodus bilineatus bollandensis d if fe r s  fro m  Gnathodus 
bilineatus bilineatus a n d  G nathodus bilineatus modocensis R exro ad  in  p o s s e s s in g  a  
n a r r o w  o u te r  h a lf  o f th e  c u p  w h ic h  is  w e a k ly  o r n a m e n te d .

D i s c u s s i o n .  — The change from  faunas dom inated by Gnathodus bilineatus 
bilineatus to those dom inated by G nathodus bilineatus bollandensis consistently takes 
place in  m id-late A rnsbergian (E2) times and by Chokerian [III) limes typical 
G. bilineatus bilineatus is a ra re  form .

D i s t r i b u t i o n .  — E2b2-Ht.

Gnathodus commutatus (B r a n so n  a n d  M e ii l ) .
(PI. 2, f ig .  5.)

Spathognathodus com m utatus  B ranson  a n d  M e h l , 1941, p i .  19, figs. 1-4.

D i s c u s s i o n .  — T his species form erly included several subspecies or varieties 
w hich are here regarded as separate species. These include the follow ing species :

Gnathodus com m utatus  (B ranson an d  M e h l ).
Gnathodus cruciform is  C l a r k e .
Gnathodus hom opunctatus  Z eig le r .
Gnathodus m ultinodosus  H iggins.
Gnathodus nodosus B isc h o k e .

T he range of these species are now  know n in w estern  Europe and  have been 
show n to differ from  each other.

D i s t r i b u t i o n  . — TnSa-ESbH.
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Gnathopus cruciformis C la h k e .

Gnathodus cruciform is  C l a r k e , i960, p . IV, f ig s .  10-12,

D i s c u s s i o n .  —■ This species w as included in  Gnathodus com m utatus nodosus 
by H iggins 1961 as an  extrem e v arian t of th a t variety and m ore recently R ex ro a d  
and F u r n is h , 1964 form ally considered the two as synonym s.

However, the ranges of the tw o are now  know n to differ and  they are therefore 
considered to be separate species.

D i s t r i b u t i o n .  — V3c supérieur-E2b3.

Gnathodus homopunctatus Z ie g l e r .

Gnathodus hom opunctatus Z ie g l e r , 1959, pi. 4, fig. 3.

D i s c u s s i o n .  ■— T his species has not been recorded from  the N am urian  of 
Belgium bu t i t  is  know n from  the Lower Carboniferous (C o n il , L y s  and M a u v ie r , 1964). 
A  few specimens have been recorded from  t h e  early  N am urian of England (H ig g in s , 
1961) b u t it is a very rare  species above the Low er Carboniferous.

D i s t r i b u t i o n .  — Tn3b-V3b.

Gnathodus nodosus B is c h o f f .
{PI. 2, figs. 2.. 3.)

Gnathodus nodosus B is c h o f f , 1957, p i .  4 , f ig s , 12, 13.

D i s c u s s i o n .  — This stratigraphically  useful species is common in m any 
of the late Visean and early  N am urian  conodont faunas of w estern  Europe.

D i s t r i b u t i o n .  — V3c-E2c.

Gnathodus girtyi H a s s .

Gnathodus g irtyi H a s s , 1953, p i. 14, f ig s .  22 , 24 .
Gnathodus g irty i H a s s , F lu g el  a n d  Z ie g l e r , 1957, p i .  3 , f ig s .  9-13, 20.
Gnathodus g irty i H a s s , B is c h o f f , 1957, p i .  4 , f ig s .  16-23.
Gnathodus clavatus Cl a r k e , 1961, p i. 1, f ig s . 4-6.
Gnathodus girtyi H a s s , H igglns, 1961, p i. X , f ig .  4.
Gnathodus g irty i H a s s , H igglns, 1962, p i. 3 , f ig . 31 .
Gnathodus g irty i H a s s , G l o b e n s k y , 1967, p i. 58 , f ig s . 11, 15-20.

Gnathodus girtyi girtyi H a s s .

Gnathodus girtyi H a s s , A, B o u c k a e r t  and H igg in s, 1963, p p . 13, 17.

D i s t r i b u t i o n .  — The com plete range in  Belgium is unknow n b u t is at 
least from  V3c to E2b3.

3
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Gnathodus girtyi H a s s  subsp. intermedius G l o b e n s k v .
{PI. 3, fig. 11.)

Gnathodus g irty i interm edius  Glo b e n sk y , 1967, p i. 58, f ig s . 11, 15-20.
Gnathodus g irty i H a s s , B , B o u c k a e r t  a n d  H ig g in s , 1963, pp. 13, 17.

D i s c u s s i o n .  — The platform  of this subspecies is better developed than  
tha t of Gnathodus g irty i g irty i w hereas the ca rina  tends to be less prom inent, 
particu larly  at the posterior end w here it consists of isolated nodes. In the posterior 
half of the p latform  the carina m ay not rise above the level of the p latform  m argins.

D i s t r i b u t i o n .  — V3c-E2b3.

Gnathodus girtyi subsp. nov.
(PI. 5, fig. 12.)

D e s c r i p t i o n  :

O r a l  V i e w .  — The blade is 1 */¡-2 the length of the platform  and is slightly 
curved. It is continued posteriorly  to the end of the u n it as a prom inent carina. 
The la tter consists of nodes w hich  are only partia lly  fused. The platform  is poorly 
developed and consists of tw o low parapets, on e ither side of the carina, w hich 
are approxim ately equal in length. The outer is n arrow  w ith  a convex outer m argin  
and is noded on its oral surface. T he inner side is som ew hat w ider and is separated 
from  the carina by a sulcus. It consists of a noded ridge w hich  m ay be continued 
a short distance posteriorly  as a row  of nodes bu t it never extends to the posterior 
extrem ity. 'The cup is asym m etric, being w ider bu t shorter on the outer th an  on 
the inner side.

L a t e r a l  V i e w .  — The oral edge of the ca rina  is convex. T he oral edges 
of the p latform  are approxim ately  horizontal bu t differ in  height since the outer 
is low er than  the inner.

A b o r a l  V i e w .  — The aboral side of the cup is excavated.

D i s c u s s i o n .  — Only a few specim ens of this subspecies have been recorded 
and none of them  are sufficiently  com plete to justify  the erection of a  new  category. 
However, the subspecies has not yet been recorded from N am urian rocks and m ay 
therefore be stratigraphically  useful.

The subspecies is not directly com parable w ith  G nathodus g irty i s im p lex  as 
suggested b y  D unn , 1965 (p. 1148). The carina is v irtua lly  free throughout its length 
and there is no indication of (he fusion w ith  the outer side w h ich  characterises that 
subspecies.

D i s t r i b u t i o n .  — V3c.

Gnathodus cf. girtyi.
(PI. 1. fig. 9; PI. 5, figs. 5, C.)

D i s c u s s i o n .  — Specim ens from  the C hokerian and A lportian  stages w hich 
could be referred  to Gnathodus g irty i d iffer from tha t species in a num ber of w ays 
which may have some significance. The m ajor difference is their consistently  sm aller
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size, both length and  breadth . Sm all size, relative to th a t of specim ens from  the 
preceding and in m any instances from  the succeeding stages, is a feature of all the 
p latform  species in the Chokerian and A lportian . In addition some specim ens have 
a p latform  w hich  has m ore rounded m argins and is m ore sym m etrical w ith  respect 
to the length and w id th  of the inner and ou ter sides th an  is usual in  Gnathodus 
girtyi. Nevertheless, the m ajority  of the specim ens referred to Gnathodus cf. girtyi 
d iffer only in size from  earlier specim ens of the species and th is m ay be a reflection 
of local environm ental, ra th e r th an  general evolutionary change.

R e m a r k s .  — The relationship  of G nathodus cf. g irty i to Streplognathodus  
lateralis is indicated in  figure 6. These specim ens w ere taken from  a single sam ple 
of the Homoceratoides prereliculatus m arine band  and they indicate tw o of the m ain 
trends seen at th is horizon. One trend  is tow ards the reduction in  size and length 
of the carina and the o ther is tow ards a fusion of the carina w ith  the outer side 
of the platform . The latter appears to be a gradual fusion w hich  sta rts  a t the 
posterior end.

D i s t r i b u t i o n .  — H1b-H2c.

Gnathodus noduliferus ( E l l i s o n  a n d  G r a v e s , 1941).
{PI. 2, figs. 6. 12.)

Cavusgnathus nodulifera  E lliso n  and G r a v e s , 1941, p i.  3, f ig .  4 only. 
Streplognathodus parallelus Cl a r k e , 19G1, p i. 5 , f ig s . 6-8 , 14, 15.
Cavusgnathus nodulifera  E llison  and G r a v e s , 1941, H iggins, 1962, pi. 3, fig. 27.

D i a g n o s i s .  — A species of Gnathodus w ith  the carina partia lly  m erged 
w ith  the outer side of the platform .

D e s c r i p t i o n  :

O r a l  V i e w .  — The u n it is lanceolate and consists of a th in  b lade and a 
p latform  w hich  is an  outgrow th from  a flaring  cup. T he blade is typically 
about 1 Vs tim es the length  of the p latform  and is either m edian or slightly  offset 
to the outer side. It is continued on to the p latform  as a carina of variable length 
w hich m erges w ith  the outer side of the p latform , often b u t not alw ays bending 
tow ards the ou ter side. Posterior to the term ination  of the carina the ou ter side 
of the p latform  is about the sam e w id th  as the inner side. T he p latform  consists
of tw o parapets ornam ented w ith  nodes w hich are separated by a groove at the
posterior end and by the carina at the an terior.

L a t e r a l  V i e w .  — The p latform  is longitudinally  flat or slightly  convex 
and its outer side is often h igher th an  its in n er posterior to the point of its m erging 
w ith  the carina.

A b o r a l  V i e w .  — The cup is concave and  is w idest near the anterior end; 
the inner side is narro w er and longer than  the outer. The cup is typically gnathodid 
in shape.

C o m p a r i s o n s .  — Gnathodus noduliferus  bears m any sim ilarities to Gna­
thodus g irty i s im p lex  D u n n . However, the shape of the p latform  is som ew hat d ifferent
from  tha t of the la tter w hich  is very narrow  posteriorly  and  w idens m arkedly
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anteriorly , w hereas th a t of the form er subspecies is m ore un ifo rm  in w id th . In 
addition the in n e r p latform  m arg in  is m ore m arkedly  sinuous in G nathodus girtyi 
sim plex.

D i s c u s s i o n .  — The specim en figured on plate 3, figure 6 of E l l is o n  and 
G r a v es  as C avusgnathus nodulifera  is incom plete b u t does not appear to belong w ith  
Gnathodus noduliferus. T he blade appears to be continued to the posterior end as 
a row  of nodes w hich  are partia lly  fused to the ou ter side of the p latform  but w hich 
retain  a m edian position th roughout their length. Such specim ens have been referred 
to Streplognathodus lateralis in this w ork.

wîSSÎÏ

F i g . 6. —  A diagram  illustrating  the suggested relationships between 
Gnathodus cf. girtyi  Hass and Strcptognathodus lateralis sp. nov.
Specimens a-c : illustrate the gradual reduction of the carina in
Gnathodus cf. girtyi  suggesting a trend tow ards Streplognathodus 
elegantulus. Specimens d-f : illustrate the fusion of the carina with 
the outer side of the platform  in Streptognathodus lateralis. All
specimens came from the same sam ple w hich was collected from
the Homoceratoides prereliculatus  band a t  Spy (loc. XVII). All 

specimens are approxim ately x45.
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11 e m a r  k  s . — The fusion of the outer side of the platform  w ith  the carina 
appears to he a gradual process w hich  starts a t the posterior end and term inates 
w ith  the complete fusion of the  two, giving rise to specim ens w ith  a lateral blade 
such as Idiognathoides sulcata. T ransitions such as this can be seen in  the A lportian.

D i s t r i b u t i o n .  — E2a ?-B 1a2.

Gnathodus japonicus ( le o  a n d  K o ik e , 1964).

(PI. 4. figs. 1, 2, 4.)

Streptognathodus japonicus I go and K o ik e , 1664, pi. 28, figs. 5-10 (non  11-13). 
D eclinognathodus nevadensis D u n n , 1966, pi. 158, figs. 4, 8.
Idiognathoides a ff . nodulifera  (Elliso n  a n d  Gr a v e s), L axe, 1967, p i .  123, f ig .  17.

D i a g n o s i s .  -— A species of Gnathodus w ith  one or tw o nodes at the outer, 
an terio r end of the platform  w hich  are usually  separated from  the outer parapet. 
The species includes both righ t and left specimens.

D e s c r i p t i o n  :

O r a l  V i e w .  — The u n it is lanceolate w ith  a blade w hich  is usually  slightly 
offset to the outer side of the p latform  bu t w hich  m ay be m edian. It is continued 
posteriorly as a short carina w hich jo ins the outer parapet of the p latform  and is 
usually  ben t ou tw ards round one or tw o nodes w hich rem ain  an terio r to the outer 
parapet. In extrem e varian ts the blade and the carina join the outer parapet in  a 
s traigh t line. The outer an terior node or nodes m ay be p artia lly  fused to the outer 
parapet bu t typically they are free. The platform  is pointed posteriorly, narrow , 
and consists of tw o noded parapets separated by a m arked  trough. There m ay be a 
tendency for (he nodes to coalesce across the m edian trough, particu larly  at the 
posterior end.

L a t e r a l  V i e w .  -— T he oral surface of the p latform  is flat or longitudinally  
convex. T he outer side m ay be h igher th an  the inner.

A b o r a l  V i e w .  — The aboral side of the cup is concave and is w idest
near the an terio r end; the inner side is narro w er and longer th an  the outer.

C o m p a r i s o n s .  —■ T his variety  differs from  Idiognathoides sinuata  in the
possession of nodes on the ou ter side of the carina. It differs from  Gnathodus 
noduliferus  in the possession of a short carina w hich has only one or tw o nodes 
an terior to it.

D i s c u s s i o n .  — The distinction betw een Gnathodus japonicus and Gnathodus 
noduliferus  is a rb itra ry  since there are transitional specim ens know n w hich  bridge 
the gap between the tw o. However, typical specimens of the form er species have 
outer an terio r nodes w hich are clearly separated from  the outer parapet of the platform ; 
therefore, the species is norm ally  easily recognised. In  addition their s tratig raph ie 
ranges differ.

R e m a r k s .  — The gradual reduction of the outer an terior nodes probably 
m arks the change from Gnathodus japonicus to Idiognathoides sulcata. Declino­
gnathodus nevadensis, w ith  a single, clearly separate anterior node, is considered
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a la te  fo rm  in  th is  tr a n s it io n  se r ie s . O n th e  o th e r  h a n d  Streplognathodus japonicus 
o f Igo an d  K o ik e , 1964 (p i. 28, f ig .  9) i s  c o n s id e r e d  an  e a r ly  fo rm  b e c a u se  tw o  n o d e s  
are  p r e se n t and  th e s e  a p p ea r  to  b e  p a r t ia l ly  fu sed  to  th e  o u te r  p a r a p e t o f  th e  p la t fo r m .

D i s t r i b u t i o n .  — Hi-H2a.

G en u s HIBBARDELLA U l r i c h  an d  H a s s le r ,  1926.

T y p e  s p e c i e s  : Prioniodus angulatus H inde, 1879.

Hibbardella acuta M u r r a y  a n d  C h r o n ic , 1965.
(PI. 1. fig. 9.)

Hibbardella fragilis H iggins, 1961, p i. XII, fig. 4.
Hibbardella acuta M u r r a y  a n d  C h r o n ic , 1965, p i. 73, f ig s . 3-5.

D i s c u s s i o n .  —  T his species, firs t described by H iggins from the Lower 
N am urian as Hibbardella fragilis  becam e invalid w hen R ex ro ad  and B urto n  tran s­
ferred Trichonodella fragilis R e x ro ad , 1957 to the genus Hibbardella  in  1961. H ibbar­
della acuta  M u r r a y  and C hro nic  is clearly  synonym ous w ith  Hibbardella fragilis 
H iggins and therefore is the valid species.

D i s t r i b u t i o n .  — V3c-H2c.

Hibbardella milleri R e x r o a d , 1958.

Hibbardella  n . sp. ? R e x ro a d , 1957, pi. 1, fig. 19.
Hibbardella m illeri R ex ro ad , 1958, p i. 2 , f ig s .  13-16,

D i s t r i b u t i o n .  — V3c.

Hibbardella pennata H ig g in s , 1961.
(PI. 1, fig. 10.)

Hibbardella pennata  H iggins, 1961, p i .  XII, f ig s .  5 , 6 .

D i s t r i b u t i o n .  — E2b3.

Genus HINDEODELLA U l r i c h  and B a s s l e r ,  1926.

T y p e  s p e c i e s  : Hindeodella subtilis U l r ic h  and B a s s l e r , 1926.

D i s c u s s i o n .  — T his genus is usually  represented by fragm entary  specim ens. 
In the N am urian, how ever, the hindeodellids are often com plete and form  a large 
p art of the faunas particu larly  in rocks of post-A rnsbergian age.

Hindeodella germana H o l m e s , 1928.
(PI. 1. fig. 12.)

Hindeodella germ ana  H o l m e s , 1928, pi. 9 , fig. 9.

D i s t r i b u t i o n .  — V3c-Hi.
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Hindeodella ¡bergensis B is c h o f f , 1957.
(PI. 1. figs. 1-3.)

Hindeodella ibergensis B is c h o f f , 1957, p i. 6 , f ig s ,  33, 37, 39.
Hindeodella delicatula  S ta uffer  and P lu m m e r , 1932, M u r r a y  and C h r o n ic , 1965, pi. 72,

figs. 1, 2, 5.

D e s c r i p t i o n .  — The posterior b a r is long, slightly  arched and w eakly 
incurved. In sm all specim ens the bar is th in  and elliptical in  cross-section b u t during  
developm ent la teral th ickening takes place and very large specim ens often have a
subquadrate cross-section. The bar is usually  highest in  the m iddle th ird  of its
length. Its oral surface bears num erous rounded, pointed denticles w hich  are
inclined and curved posteriorly  and  slightly  inw ard ly  curved. The inclination tends
to increase posteriorly. T he denticles alternate  in size, generally w ith  th ree sm all 
ones between tw o large ones in sm all specim ens b u t becom ing irreg u la r in  large 
specim ens due to the fusion of denticles. The m ain cusp is pointed, rounded or 
slightly  laterally  flattened and is inclined and curved posteriorly. The size of the 
cusp tends to increase m ore slow ly th an  tha t of the posterior b ar denticles. The 
an terio r b a r is approxim ately as long as the cusp. It is directed aborally at an 
angle of 45-90° and incurved 45-90°. Typically its postero-aboral edge is concave 
bu t in a few specim ens the aboral half is convex. T he incurva tu re  starts a little  w ay 
along the b a r and at least one denticle is directly  an terio r to the cusp. T he denticles 
on its oral surface are a lternating  in size, usually  w ith  one or m ore sm aller denticles 
betw een each larger pair. On large specim ens, how ever, the denticulation becomes 
irregu lar. The denticles are inclined and usually  curved posteriorly. A few  extrem e 
specim ens show  posterior cu rvatu re of the oral half of the b ar so tha t a sulcus is 
formed.

The aboral edge of the u n it is grooved and has a sm all p it beneath the m ain cusp.

D i s c u s s i o n .  — T his species is undoubtedly  the com m onest in  the N am urian 
but it is not often preserved w ell enough to allow  identification. In bullion or hard  
lim estone sam ples specim ens of Hindeodella ibergensis m ay ou tnum ber all other 
species by a 3 : 1 ratio  and  there is little  doubt th a t the species formed the hindeodellid 
com ponent o f such natu ra l assem blage genera as Scotlognalhus R h o d e s .

M u r r a y  and C h r o n ic , 1965, identified several incom plete specim ens of Hindeo­
della ibergensis as Hindeodella delicatula  S t a u ffer  and P lu m m e r , 1932, a species 
w hich w as founded on fragm ents of posterior bars w hich  belong to any of several 
possible species of Hindeodella. Only the an terio r b a r and  m ain cusp are distinctive 
in m ost species of Hindeodella.

D i s t r i b u t i o n .  -  - VHc-G2.

Hindeodella uncata ¡H a ss , 1959).
(PI. 1, fig. 5.)

Hindeodella brevis B ranson  a n d  M e h l , 1934, B is c h o f f , 1957, p i .  6 , f ig . 24. 
Hindeodina uncata H a s s , 1959, p i .  47 , f ig .  6 .

D e s c r i p t i o n .  — The posterior b ar is long, usually  w ith  a  straigh t aboral 
edge bu t som etim es sinuous, and in  oral view convex except adjacent to the an terior 
bar. Bowing of the posterior b a r is common and in a few extrem e varian ts the
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posterior extrem ity  of it is a t an angle of 90° to  the an terio r extrem ity . Its oral 
edge bears num erous needlelike, inw ard ly  and posteriorly  inclined, denticles whose
inclination increases posteriorly. T he denticles alternate : up  to six sm all denticles
situated betw een each adjacent large pair. T here are generally few er sm all denticles 
at the extrem ities of the bar. T here is a d istinct tendency tow ards sinuosity in  the 
an terio r half w here the large denticles are m ore strongly inclined and curved than  
the sm all ones. This is very m arked in  m assive specim ens w here  the denticles 
originate from the outer side of the bar.

The m ain  cusp is about the same size as the larger posterior b a r denticles.
T he an terio r b ar is about one-fifth the length of the posterior bar. Its 

posterior p art is sharp ly  ou tw ard ly  curved a t a point slightly  an terio r to the main 
cusp but its an terio r p art is ab rup tly  bent inw ards at 90° to the posterior bar. 
The denticles on the oral surface of the b ar are typically curved posteriorly . The 
denticles on the distal surface are inclined and som etim es curved inw ardly . The 
denticles are of vary ing  sizes and num ber, the larger ones being as large as the m ajor 
denticles of the posterior bar. The aboral edge of the bar is concave and in specim en 
of average and large size the distal p a r t  has a sharp  aboral deflection.

The aboral cavity is sm all and is sometimes continued as a groove beneath 
the bars.

D i s c u s s i o n .  — D uring the developm ent of the species the u n it becomes 
laterally  thickened and massive. In  such large specim ens the an terio r b a r is often 
broken off and m ay w ell be identified as the posterior bar of another species. It is 
possible that Hindeodella pu lchra  E l l is o n , 1941 is an an terio r bar of Hindeodella  
uncata.

T his species w as included w ith  Hindeodella brevis B ra nso n  and M e h l  by 
B is c h o f f , 1957 and by H ig g in s , 1961, 1962, bu t as B is c h o f f  noted the  cusp is relatively 
m uch sm aller than  that of Hindeodella brevis and this character seems to be consistent 
in all C arboniferous specim ens. The au tho r agrees w ith  S c o tt  and C o l l in s o n , 1961 
that the size of the m ain cusp is not of generic im portance in Hindeodella  and the 
species Hindeodella uncata has therefore been transferred  from  the genus Hindcodina  
H a s s , 1959.

D i s t r i b u t i o n .  — V3c-H2-

Hindeodella undata B ranson  a n d  M e h l ,  1941.

(PI. 1. «g. *■)
Hindeodella undata  B ranson a n d  M e h l , 1941, p i. V, f ig . 3.

D i s t r i b u t i o n .  — V3c.

Genus IDIOGNATHOIDES H a r r is  and H o l l in g s w o r t h , 1933.

T y p e  s p e c i e s :  Idiognathoides sinuata  H a r r is  and H o l l in g s w o r t h , 1933.

D i s c u s s i o n .  —  The valid ity  of th is genus has recently been discussed by 
M e r r il l  (1963), H uddle (1964) and L ane 1967). The au tho r agrees w ith  L ane th a t 
there is no d irect relationship  betw een Idiognathoides and Cavusgnathus, the basal 
cavities of species of these genera being quite distinct. It is also agreed th a t species
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of the genus Polygnathodella  should he included in  the genus Idiognathoides. On 
the o ther hand  the inclusion in the genus of species w ith  a carina, such as Idiogna­
thoides aff. nodulifera  does not seem to be desirable.

Idiognathoides attenuata (H a r r is  a n d  H o l l i n g s w o r t h ) .

(PI. 4, fig. 10.)

Idiognathoides attenuata  H a r r is  a n d  H o l l i n g s w o r t h ,  1933, p i. i ,  f ig s .  9« , b.
Poly gnat hod ella attenuata  (H a r r is  and H o llin g sw o r t h ), B ranson and M e h l , 1941, 

p. 104.
Poly gnat hodella attenuata  (H a r r is  a n d  H o llin g sw o r t h ), E llison  a n d  G r a v e s , 1941, 

pi. 3, figs. 14, 15 (non  figs. 11, 13).

D i s c u s s i o n .  —• The distinction between this species and Idiognathoides 
corrugata is slight bu t the la tter appears before the form er stratig raph ically  and so 
the tw o should be retained as separate species.

D i s t r i b u t i o n .  — Riai-G S.

Idiognathoides convexa (E l l is o n  a n d  G r a v e s ).

(PI. 4, fig. 3.)

Polygnat hodella convexa  E llison  a n d  G r a v e s , 1941, p i. 3 , f ig s . 10, 12, 16. 

D i s t r i b u t i o n .  — G2a-G2b.

Idiognathoides corrugata (H a r r is  a n d  H o l l i n g s w o r t h ) .

(PI. 5, fig. 9.)

Idiognathodes corrugata H a r r is  and H o llin g sw o r t h , 1933, p i. 1, f ig s . 8 a, b.
Poly gnat hodella ouachitensis H arlton , 1933, p i .  4 , f ig s .  14 b, c.
Idiognathoides corrugata (H a r r is  a n d  H o l l in g sw o r t h , 1933), L ane, 1967, p i. 122, 

f ig s .  1, 2 , 4-7 , 9-11.

D i s c u s s i o n .  — The range of variation in this species is considerable. 
It includes specim ens w ith  transverse ridges w hich are separated along the length 
of the platform  by a m edian trough and specimens in  w hich  the m edian trough 
is partia lly  filled by the fusion of the transverse ridges across the trough . Both 
variants appear at the sam e tim e and  there seems little  point in separating  them  by 
an  arb itra ry  distinction such as the nu m b er of ridges w hich are com plete across the 
trough. Those w ith  a continuous m edian trough are quite distinct from  Idiogna­
thoides sulcata  sp. nov. because the parapets are broader and are a t the sam e height 
along the length of the p latform .

D i s c u s s i o n .  — A few specim ens have been recorded w hich have a narrow  
an d  com pletely grooved platform  (see plate 5, fig, 9). These are not typical specim ens 
of Idiognathoides corrugata bu t are thought to fall w ith in  the range of th a t species.

D i s t r i b u t i o n .  — R1a-G9b.
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Idiognathoides minuta s p .  n o v .
(PI. 6, figs. 7-12.)

H o 1 o t y p e : PI. 6, figs. 7-9.

D i a g n o s i s .  — A sm all species of Idiognathoides w ith  a coarsely noded 
p latform  w hich  is pointed at the posterior end. T he oral surface of the p latform  
is crossed by a deep, m edian longitudinal trough. The species is left sided.

D e s c r i p t i o n  :
O r a l  V i e w .  — The lateral blade is narrow , stra igh t or slightly  curved and

hears num erous laterally  com pressed denticles on its oral edge. It is approxim ately
as long as the outer side of the p latform . The latter is lanceolate, posteriorly  pointed
and has convex m argins. Typically, as the p latform  becomes w ider the posterior
end becomes less pointed. The parapets are separated by a deep m edian trough 
w hich extends alm ost to the posterior extrem ity. A sm all num ber of coarse nodes 
ornam ent the oral surface of the p latform  but do not cross the m edian trough.

L a t e r a l  V i e wr . — The oral edge of the blade is denticulate and  typically 
rises above the level of the oral surface of the p latform . I t is convexly arched, 
rising gradually  from the p latform  to its highest po int about one-third from  the 
posterior end. However, the  height of the blade varies considerably and in  m any 
specim ens is only a little  greater th an  th a t of the p latform . Its  aboral edge is
either s tra igh t or slightly  concave. The oral and aboral edges of the p latform  are
stra igh t and parallel to each other.

A b o r a l  V i e w .  — The aboral surface of the cup is shallow ly excavated and
is crossed by a groove w h ich  is continued along the aboral edge of the blade.
On its in n er side the cup is w idest near the an terio r end w hereas the outer side 
is w idest at its m idpoint. Both sides are of approxim ately equal w id th  b u t the 
outer side is slightly  the longer.

C o m p a r i s o n s .  — Idiognathoides in inuta  d iffers from  Idiognathoides sulcata  
sulcata in  being sm aller, approxim ately  half the size of the latter, and in  possessing 
an arched blade. It d iffers from Idiognathoides sulcata parva  in having  a short 
blade relative to the lenght of the platform .

D i s c u s s i o n .  — The generic affinity  of this species is a little  doubtful. 
A ffinity  w ith  Idiognathoides is in ferred  by the short narro w  platform , la tera l blade 
and by the gnathod id  cup. However, the height of the blade of some specim ens is 
abnorm al for Idiognathoides and m ore typical of A detognathus and if th is character 
w ere m ore consistently present the species w ould be referred  to that genus.

D i s t r i b u t i o n .  ■— H I.

Idiognathoides sinuata H a r r is  a n d  H o l l in g s w o r t h .
(PI. 2. fig. 14; PI. 5, fig. 11; Pi. 4, figs. 5, 8. 9.)

Idiognathoides sinuata  H a r r is  a n d  H ollino s  w o r t h , 1933, p i .  1, f ig .  14.
Idiognathoides sinuata  H a r r is  a n d  H o l l in g sw o r t h , L ane 1967, p i .  119, f ig s .  1-9, 12-15;

p i. 123, f ig s . 7 , 8 , 12.

D i s t r i b u t i o n .  — Ria3-G2.
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Idiognathoides sulcata sp. nov.
(PI. 4, figs. C, 7.)

Idiognathoides sp. A, L ane, 1967, pi. 123, figs. 14, 15, 18, 19.

H o l o t y p e  : PI, 4, fig. 6.

D i a g n o s i s .  — A species of Idiognathoides w ith  a platform  consisting of
tw o noded parapets separated by a deep m edian t ro u g h . I t  includes both righ t
and  left sided specimens.

D e s c r i p t i o n  :

O r a l  V i e w .  — The un it is lanceolate and consists of a platform  and a
th in  blade. The la tter arises from  the  outer side of the  platform  and is of variable
length but typically is 1-1% times the length of the p latform . The n arro w  platform  
is pointed a t the posterior end and  consists of tw o parapets separated by a deep 
m edian trough . Typically the oral surface of the p latform  is ornam ented by coarse 
nodes. At the base of the p latform  is a flaring  cup whose outer side is subrectangular 
and is shorter and w ider th an  the inner. The cup is smooth and usually  flares 
ab rup tly  from  the alm ost vertical sides of the p latform .

L a t e r a l  V i e w ,  — The platform  is flat or convex longitudinally . Its outer 
side is often higher than  its inner. The oral edge of the blade is often slightly
h igher th an  tha t of the p latform  b u t alw ays rises gently from  it.

A b o r a l  V i e w .  — T he aboral side of the cup is excavated and is traversed
by a longitudinal groove w hich  is continued along the blade.

C o m p a r i s o n s .  — Idiognathoides sulcata differs from  Idiognathoides sinuata  
in possessing a noded p la tfo rm  w ith  a long m edian trough .

D i s c u s s i o n .  —  L ane (1967) described Idiognathoides sp. A as a rig h t sided 
species bu t in large collections both righ t and left sided specim ens are found.

R e m a r k s .  — The distinction between some left sided specim ens of Idiogna­
thoides sulcata and specim ens of Idiognathoides sinuata  w ith  a m arked m edian trough 
is slight and there seems little  doubt tha t the tw o species are closely related. However, 
there is less evidence of a connection betw een Idiognathoides silicata and Idiogna­
thoides corrugata.

D i s t r i b u t i o n .  — R 1a3-G2.

Idiognathoides sulcata parva subsp. nov.
(PI. 6, figs. 1-6.)

H o l o t y p e  : FI. 6, fig. 6.

D i a g n o s i s .  — A sm all variety of Idiognathoides sulcata w ith  a blade which 
is 1 y2 or more tim es longer than  the inner side of the p latform . It includes both 
righ t and left sided specimens.
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D e s c r i p t i o n  :

O r a l  V i e w .  —• The u n it is sm all and  lanceolate. The p la tfo rm  consists of
tw o noded ridges separated by a deep m edian trough of w hich the ou ter one is the
broader. The inner side of the p latform  is broad a t the an terio r end b u t narrow s 
posteriorly and  in im m ature specim ens the posterior inner half m ay consist of isolated 
nodes. The blade is thin and  is m ore than  1 %  tim es the length of the p latform . 
T he outer side of the cup is w ider and shorter th an  the inner.

L a t e r a l  V i e w .  — The outer side of the platform  is typically h igher than
the inner and is longitudinally  convex.

A b o r a l  V i e w .  — T he aboral side of the cup is concave and is crossed by 
a  groove w hich  is continued beneath the blade.

C o m p a r i s o n s .  — This variety  differs from  Idiognathoides sulcata sulcata  
in possessing a blade w hich is longer relative to the  length of the p latform .

D i s c u s s i o n s .  — A part from  the difference in size and the length of the 
blade th is subspecies is identical to Idiognathoides sulcata sulcata , to w hich  it is 
closely related.

D i s t r i b u t i o n .  — G2b.

Genus LAMBDAGNATHUS R ex r o a d , 1958. 

T y p e  s p e c i e s  : Lam b dag nativus fragilidens R e x r o a d , 1958.

Lambdagnathus macrodentata H ig g in s .

Lam bdagnatus macrodentata  H iggins, 1961, p i. XII, f ig s . 1-3. 

D i s t r i b u t i o n .  — V3c.

Genus LIGONODINA U l r i c h  and H a s s le r ,  1926. 

T y p e  s p e c i e s  : Ligonodina pectinata  U l r i c h  and B a s s l e r ,  1926.

Ligonodina fragilis Ha ss .

Ligonodina fragilis H a s s , 1953, pi. 15, f ig .  1.

D i s t r i b u t i o n .  — E3b3.

Ligonodina typa (G u n n e ll) .
(PI. 2, tig. 11.)

Idioprioniodus typus  G unnell , 1933, pi. 31, fig. 47.
Prioniodus galesburgensis G unnell, 1933, pi. 31, fig. 12.
Ligonodina typa  (G unnell), E l l iso n , 1941, p i. 20 , f ig s . 8-11.

D i s t r i b u t i o n .  — V3c-G2b.
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Genus LONCHODINA U l r i c h  a n d  B a s s l e r ,  192G.

T y p e  s p e c i e s  ; Lonchodina typicalis U l r i c h  and B a s s l e r ,  1926.

Lonchodina bischoffi sp. nov.

Lonchodina  c f . projecta  U lr ich  and B a s s l e r , B is c h o f f , 1957, p i. i ,  f ig .  20. 
Lonchodina c f .  projecta  U lr ich  and B a s s l e r , H iggins, 1961, p i .  XI, f ig .  10.

H o l o t y p e  : Fig. 10 of p late XI (H ig g in s , 1961), is designated as the holotype.

D i a g n o s i s .  — A species of Lonchodina  w ith  a long posterior b a r and  a 
shorter an terio r bar w hich  is ben t inw ards at 45° and aborally at approxim ately  liO n 
to the posterior bar.

D e s c r i p t i o n .  — The posterior b a r is of variab le  length, and  is narrow , 
low, slightly  arched and  curved outw ards. On its o ral edge are three or m ore sm all, 
slender, discrete and rounded denticles w hich  are also curved slightly  outw ards. 
The inclination of the denticles increases tow ards the posterior.

The m ain cusp is th ree to  four times larger th an  the  posterior bar denticles 
and is recurved posteriorly  and outw ards. It is rounded on the outer side but 
flattened on the inner and its base is expanded into a rounded apron on the outer 
side. The an terio r bar is h igher than  the posterior but is often shorter. Its oral 
surface bears six or m ore long, slender, discrete and ou tw ard ly  curved denticles 
whose curvature increases posteriorly. Ali the denticles are rounded bu t the
an terio r m ost ones are often slightly  flattened in  th e ir low er half. The bar is bent
inw ards at approxim ately 45° and  a t approxim ately 110° to the posterior bar.

The aboral side is grooved and is expanded in to  a rounded aboral cavity.

C o m p a r i s o n s .  — T his species is distinguished from  Lonchodina projecta  
by the long recurved an terio r bar denticles, the curvature of the posterior bar and
the angle of the  an terio r to the posterior bars.

D i s c u s s i o n ,  — Lonchodina projecta  ranges th roughout the Low er C arboni­
ferous according to B is c h o f f , 1957 but it has not been recorded from  th e  N am urian. 
Lonchodina bischoffi is know n from  the late Visean and early N am urian  (H iggins, 1961).

D i s t r i b u t i o n .  — VSc.

Lonchodina clarki (G unnell).
(PI. 2, fig. 1.)

Prioniodus clarki Gunnell, 1931, p i. 29 , fig. 8.

D i s t r i b u t i o n .  — G3b.

Lonchodina furnish i R e x r o a d .

Lonchodina fu rn ish i  R ex r o a d , 1958, p i . 4, f ig s . 11-13.

D i s t r i b u t i o n .  — VSc.
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Lonchodina ? sp.
(PI. 1. fig. 13.)

D e s c r i p t i o n .  — A single specim en w h ich  is probably referable to Loncho­
dina  has the follow ing characteristics : the u n it is large and m assive and  consists
of a long an terior bar, m ain  cusp and an incom plete posterior bar. T he an terio r
b ar is long, w ide at the posterior b u t tapering  an teriorly . Its m arg ins are rounded
but m ore m arkedly  so on the outer side than  the inner. Its oral surface bears nine 
denticles w hich originale from  the inner side of the b a r and w hich are ellip tical 
in  cross-section. They are slightly  curved posteriorly  and are of variab le  size. The 
m ain cusp is tw ice the w id th  of the  largest an terio r b a r denticles, is flattened on 
its inner surface but curved on its outer and is curved outw ards. At its base is a 
flaring  lip on the ou ter side. The posterior bar is incom plete b u t appears to be in 
a d ifferen t plane to the an terio r bar. The la tte r is n arro w er than  the posterior 
bar and it bears a t least tw o denticles on its oral surface. The aboral surfaces of 
both bars are flattened, except for a narrow  groove ru n n in g  along their length w hich 
expands to a su b triangu lar pit beneath the m ain cusp.

D i s t r i b u t i o n .  — E2bS.

Genus MAGNILATERELLA R e x r o a d  a n d  C o l l in s o n , 1903. 

T y p e  s p e c i e s  : M agnilaterella robusta  R e x r o a d  a n d  C o l l in s o n ,  1963.

Magnilaterelia robusta R e x r o a d  a n d  C o l l in s o n .  

M agnilaterella robusta  R e x ro a d  a n d  C o l l in s o n , 1963, p i. 2 , f ig s .  4 , 5 , 9 .

D i s t r i b u t i o n .  —  VSc.

Genus METALONCHODINA B h a n so n  and JVIehl, 1941.

T y p e  s p e c i e s  : Prioniodus bidentatus Gunnell , 1931.

Metalonchodina sp.
(PI. 2. fig. 4.)

M etalonchodina bidentata  (G unnell) H iggins, 1961, pi. NII, fig. 9.

D e s c r i p t i o n .  — A few specim ens of th is genus have been recorded w hich 
are incom plete bu t are distinctive. The m ain cusp is flattened on the outer side 
but rounded on the inner and it curves slightly  an teriorly  and inw ards. The base 
of the cusp is extended inw ards as a m arked apron. The posterior b ar is incom plete. 
Its w id th  is about the sam e as the height and its oral surface bears sm all elliptical 
denticles. The an terior bar is narro w  and is h igher th an  the posterior b ar and  is 
m arkedly bevelled on its inner side. It bears tw o or three denticles on its oral 
surface w hich  are elliptical in  cross-section but som ew hat flattened on the outer 
side. The denticles increase in size posteriorly  and  the denticle adjacent to the m ain
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cusp is slightly longer bu t is about as w ide as the m ain  cusp. The aboral side of the
m ain  cusp bears a c ircu lar aboral cavity w hich  is continued beneath the bars as
a groove.

D i s c u s s i o n .  — It w as originally  considered th a t this species w as w ith in  
the range of variation  of M etalonchodina bidentata, b u t the  stratig raph ie ranges of
the tw o species have been found to differ.

D i s t r i b u t i o n .  — V3c-E2b3.

Neoprioniodus scitulus (B ra n so n  a n d  M e h l) .
(PL 1, fig. 11.)

Prioniodus scitulus  B ranson  and M e h l , 1 9 4 t, p i. V , f ig s .  5 , 6 .

D i s t r i b u t i o n .  — Y 3c.

Neoprioniodus conjunctus (G u n n e ll) .

Prioniodus conjunctus  GUNNELL, 1931, p i. 29 , f ig .  7 .

D i s t r i b u t i o n .  — Y3c-G?a.

Neoprioniodus singularis (H ass).
(PI. 1, fig. 8.)

Prioniodus singularis H a s s , 1953, p i. 16, f ig . 4 .

D i s t r i b u t i o n .  — VSc-HI.

Neoprioniodus spathatus H igg in s.

Neoprioniodus spathatus H iggins, 1961, pi. X I, figs. 2 , 4.

D i s t r i b u t i o n .  — Y3c.

Ozarkodina delicatula { S t a u f f e r  an d  P lu m m er).
(PI. 3, fig. 3.)

Bryantodus delicatulus S ta u ffer  a n d  P lum m er  1932, p i. 2 , fig. 27.

D i s t r i b u t i o n .  — V3c-G2a.

STREPTOGNATHODUS STAUFFER a n d  PLUMMER, 1932.

T y p e  s p e c i e s  : Streplognathodus excelsus St a u ffer  and P lu m m e r , 1932.

Streptognathodus lateralis sp. nov.
(PI. 0, figs. 1-4, 7.)

D i a g n o s i s .  — A species of Streptognathodus  w ith  a short carina which 
term inates against the transverse ridges of the outer side of the platform . The oral 
trough is on the  inner side of the p latform .
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D e s c r i p t i o n  :

O r a l  V i e w .  — The  blade is as long or slightly  longer than the platform  
and  is approxim ately  m edian. The p la tfo rm  is long, posteriorly  pointed, approx i­
m ately sym m etrical and  typically is w ide. The blade is continued on to the p latform  
as a short carina w hich  term inates against an  outer transverse ridge bu t w hich 
m ay continue as a row  of nodes partia lly  fused to the transverse ridges of the 
posterior half of the p latform . T he oral groove extends to the posterior end on the 
inner side of the p latform . The platform  ornam entation consists of transverse ridges 
w hich  extend for more than  half its length w ithou t in terrup tion  by the carina. 
Nodes are often present on the an terior p a rt of the ou ter side and these are separated 
from  the carina by a  sulcus. The transverse ridges of the inner side m ay be 
continuous w ith  those of the outer side for up to half the length of the p latform .

L a t e r a l  V i e w .  — The oral surface of the p latform  is longitudinally  convex 
and the outer side of it m ay be higher than  the inner.

A b o r a l  V i e w .  — The aboral side of the cup is concave and is crossed by 
a longitudinal groove w hich is continued along the blade. The outer side of the 
cup is w ider and sho rter than  the inner side.

C o m p a r i s o n s .  — Streptognathodus lateralis differs from  other species of 
Streptognathodus in lacking accessory lobes.

D i s c u s s i o n .  —  E l l iso n  and G r a v e s  (1941) figured a specim en (pi. 3, 
fig. 6)) w hich  is incom plete b u t w hich  has a m edian blade and a short ca rin a  w hich 
term inates against an outer transverse ridge. This specim en has a gnathodid  cup 
and is therefore not referable to Cavusgnathus nodulifera  as stated by E l l is o n  and 
G r a v e s . However, it m ay be referable to Streptognathodus lateralis.

D i s t r i b u t i o n .  — H2c-G2b.

Streptognathodus elegantulus S t a u f f e r  a n d  P l u m m e r .
(PI. 5, figs. 8, 10.)

Streptognathodus elegantulus S t a u f f e r  and P l u m m e r , 1932, pi. 4, figs. 6, 7, 22, 27.

D i s c u s s i o n .  — This species show s little  variation  in its m orphological 
characters. T he m ain variation concerns the num ber of nodes in  the oral trough 
w hich m ay continue alm ost to the posterior end. The same varia tion  w as noted 
b y  E l l is o n  (1941).

D i s t r i b u t i o n .  — H2c-G2b.

Genus ROUNDYA H a s s , 1952. 

T y p e  s p e c i e s  : R oundya barnettana  H a s s , 1952.

Roundya barnettana H a s s , 1953. 

R oundya barnettana  H a s s , 1952, pi. 16, fig. 18. 

D i s t r i b u t i o n .  — V3c-R2b1.
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Genus SPATHOGNATHODUS B ranson and M ehl, 1941.

T y p e  s p e c i e s ;  Ctenognathus m urchisoni P ander.

Spathognathodus campbelli R exroad .

Spathognuthodus campbelli R e x r o a d , 1957, p i. 3 , f ig s . 13-15.

D i s t r i b u t i o n .  — V3c,

G en u s SUBBRYANTODUS B r a n so n  a n d  M e h l ,  1934.

T y p e  s p e c i e s  : Subbryantodus arcuatus B ranson a n d  M e iíl , 1934,

Subbryantodus subaequalis H iggins.
{PI, 3, figs. 1, 2.)

Subbryantodus subaequalis H iggins, 1961, p i. XII, f ig .  15.

D i s t r i b u t i o n .  —  VSc.

Genus SYNPRIONIODINA U l r ic h  and B a ssl e r , 1925.

T y p e  s p e c i e s  : Synprioniodina alternata B a s s l e r , 1925.

Synprioniodina microdenta E ll iso n ,
(PI. 1, fig. 6.)

Synprioniodina  sp . Gunnell, 1933, p i. 31 , f ig .  6 .
Synprioniodina m icrodenta  E lliso n , 1941, p i. 20, f ig s . 43-46.
Synprioniodina  c o m p o n e n t  R h o d es  1952, p i, 126, f ig s . 4 , 8 , 9 .
Synprioniodina forsenla  S t a u f f e r , 1940, H iggins 1961, p i, XII, f ig .  8.
Synprioniodina m icrodenta  E ll iso n , M u r r a y  a n d  Ch r o n ic , 1965, p i. 73, f ig s . 12, 13.

D i s t r i b u t i o n .  —  V3c-G2.

4
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EXPLANATION O F  P L A T E  1.

All figures x50, except figure 12 which is *36.

Fios. 1-3. — Hindeodella ibergensis Bischoff.
Inner latera) views.
L o c a l i t y :  PI. 135 E, 191.

Verviers (XVIII).

F io. 4. — Hindeodella undula B r a n s o n  and M ehl.
In n e r  la te ra l  v iew .
This figure illustrates the short an terio r process and the lack of undulation in (lie posterior 

bar denticles adjacent to the main cusp.
L o c a 1 i t y : PI. 135 E, 191.

Venders (XVIII).

Pig. 5. — Hindeodella uncata  (Hass).
Oral view.
L o c a l i t y  : PI. 135 E, 191,

Verviers (W U I).

Fin, fi. — Synprioniodina mlcrodenta  E lliso n .
Inner lateral view.
L o c a l i t y  : PI. 135 E, 191.

Verviers (XVIII).

Fifi. 7. — dngulodus simplex  sp. nov.
Inner la teral view of holotype, posterior bar incomplete.
L o c a l i t y  : PI. 135 E. 191.

Verviers (XVIII).

Fig. 8. — Neoprioniodus singularis (H ass).
Inner lateral view.
L o c a l i t y  : PL ICG \V, 122.

Merbes-Sprimont Quarry, bed 7 (V).

Fig. 9. — Hlbbardella acuta M u r r a y  a n d  C h ro n ic .
Inner lateral view.
L o c a l i t y  : PI. 135 E. 191.

Verviers (XVIII).

Fig. 10. — Hlbbardella pennata  H iggins.
Posterior view.
L o c a l i t y  : PI. 135E, 191.

Verviers (XYMI).

Fig, 11. — Ntoprionlodus scitulus (IlitA\so\ and Mkhi..!.
Inner lateral view.
L o c a l i t y  : PI. 135 E, 191.

Verviers (XVIII).

Fig. 12. — Hindeodella germana Holmes.
Inner la teral view.
L o c a l i t y :  PI. 135 E, 191.

Verviers (XVIII).

Fig. 13. — Lonchodina Î sp .
Outer lateral view.
L o c a l i t y  : PI. 135E. 191.

Verviers (XVIII).
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EXPLANATION OF PL A T E  2.

All figures x50, except figure 10 which is x40.

Fig. 1. — Lonchodina clarki (G unnell).
Inner lateral view.
L o c a l i t y :  PI. 145E.

Moha Colliery (XlVa).

Figs. 2. 3. — Gnathodus n o d o su s  B isch ö fe .
Oral views.

2. Jaiffe à W arnant Quarry, bed 28 (XIX).
3. Jaiffe ii W arnant Quarry, bed 28 (XIX).

L o c a l i t y  : PI. 168 W, 151.

Fig. 4, — Metalonchodina  sp .
Inner la teral view,
L O c a 1 i t y : PI. 166 W, 151.

Jaiffe à W arnant Quarry, bed 28 (XIX).

F ig . 5. — Gnathodus commutatus (B h an so n  a n d  M e h l) .
Oral view.
L o c a l i t y  : PI. 166 W, 151.

Jaiffe à W arnant Quarry, bed 28 (XIX).

Figs. 6, 12. — Gnathodus noduliferus  (E ij.ison  a n d  G rav es).
Oral views.
L O C a 1 i t y  : PI. 155 W, 688.

Citadel of Namur (VIII).

F igs. 7, 8. — Cavusgnathus navicula  (Hinde).
Oral and inner lateral views respectively.
L o c a l i t y :  PI. 166 W,  151.

Jaiffe à W arnant Quarry, bed 23 (XIX).

Fig. 9. — Gnathodus cf. girtyi H ass.
Oral view.
L o c a l i t y  : PI.  143 E, 211.

Spy (XVII).

Figs. 10, 13. — Gnathodus bilineatus bollandensis su b . sp . nov .
Oral views of the holotype and an im m ature specimen respectively 
L o c a l i t y  : PI. 139 W, 279.

Nimy-Blaton Canal cutting, bed 1 (XX).

F ig . 11. — Ligonodina typa  (G u n n e ll) .
Inner lateral view.
L o c a l i t y  :

Verviers 191 (XVIII).

Fig. 14. — Idiognalhoides sinuata sinuata  ( H a r m s  a n d  H o l l in s w o iith ) .
Oral view of a specimen showing partial fusion of the nodes on the oral surface of the platform.
L o c a l i t y  : PI. 145 E.

Moha Colliery (XlVa).
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EXPLANATION OF PL A T E  3.

AU figures x50.

FIGS. 1, 2. — Subbryantodus subaequalis Higgins.
Outer lateral views.
L o c a l i t y  : PI. 135 E, 191.

Verviers (XVIII).

F ig . 3. — Ozarlcodina delicatula S t a u f f e r  a n d  P lu m m e r .
Outer lateral view.
L o c a l i t y  : PI. 135 E, 191.

Verviers (XVIII).

Figs. 4-8, 10. — Gnathodus bilineatus bollandcnsis su b . sp. nov .
Figs. 4-6, 8 : oral views; fig. 7 : aboral view; fig. 10 : outer lateral view. Figs. 8, 10 show 

a specimen which is transitional in character between Gnathodus bilineatus bollandcnsis 
and Gnathodus bilineatus bilineatus.

L o c a l i t i e s :  PI. 122 W, 260 and PI. 139 W, 279.
4. Bolland Borehole 260, bed 456 (I).
5-8, 10. Nlmy-Blaton Canal cutting, bed 1 (XX).

Fig. 9. — Gnathodus bilineatus bilineatus (Roundy).
Oral view.
L O C a 1 i t y : PI. 166 VV, 122.

Merbes-Sprimont Quarry, bed 5 (V).

Fig. 11. — Gnathodus girtyi intermedius  G lobensky.
Oral view.
L O C a 1 i t  y  : PI. 166 W, 122.

Merbes-Sprimont Quarry, bed 7 (V).
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All figures X 50.

Figs. 1, 2, 4. — Gnathodus japonicus (Igo a n d  K o ike).
Oral views.
L o c a l i t i e s :  PI. 155 W. 688 and 426; PI. 7G W, 264.

1. Citadel of Namur 688 (VIII).
2. Webbekom Borehole (IV),
3. Flawinne 426, bed k (VI).

Fia. 3. — Idiognuthoides convexa  (E ll iso n  a n d  G rav es).
Oral view,
L o c a l i t y :  PI. 145 E.

Molía Colliery (XlVa).

Figs. 5, 8, 9. — Idiognuthoides sinuata H a r r i s  a n d  H o l l in s w o r th .
Figs. 5, 8 : oral views; fig. 9 : inner lateral view,
L o c a l i t i e s  : PI. 76 W, 264.

Webbekom Borehole (IV).

F ig s. 6, 7. — Idiognalhoides sulcata  sp . n ov .
Oral views. Fig. 6 : holotype. Fig, 7 : illustrates a  specimen transitional in character between 

I. sulcata and I. sinuata.
L o c a l i t i e s :  PI, 122 VV, 260 and PI. 17 E, 120.

6. Bolland Borehole 260, bed 316 (I),
7. Turnhout Borehole 120, bed 6 (III).

F i g . 10. -  Idiognalhoides attenuata ( H a r r i s  a n d  H o l l i n s w o r t h ) .
Oral view.
L o c a 1 i t y : Pi. 145 E.

Moha Colliery (XIVo).
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EXPLANATION OF PLATE 5.

AU figures x 50 .

Figs. 14, 7. — Streptognuthodus lateralis sp. nov.
Oral views. Holotype fig. 7.
L o C a  1 i t  i e s : PI. 143 E, 211 and PI. 155 W, 688.

1, 2. Spy 211 (XVII).
3, 4, 7. Citadel of Namur 688 (VIII).

Figs. 5, 0. — Gnathodus cf. girtyi  H ass.
Oral views.
L o c a l i t y  : Pi. 143 E, 211.

Spy ( W í l ) .

Figs. 8, 10. — Streptognatliodus elegantulus S t a u f f e r  and Plummer, 
Oral and outer lateral views respectively.
L o c a l i t y  : Pi. 155 \V, 688.

Citadel of Nomur (VIII).

Fig. !). — Idiognathoides corrugata ( H a r r i s  and H o l l i n g s w o r t h ) ,  
Oral view.
L o c a l i t y  : Pi. 155W, 426.

Flawinne, bed k (VI).

F ig , 11. — Idiognalhoides sinuata  H a r r i s  a n d  H o l l i n g s w o r t h .
Oral view.
L o c a l i t y  : PI. 76 W, 264.

Webbekom Borehole (IV).

Fig. 12. — Gnathodus girtyi subsp. nov.
Oral view.
L o c a l i t y  : Pi. 166 W, 151,

Jaiffe à W arnant Q uarry, bed 23 (XIX).
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EXPLANATION OF P L A T E  6.

All figures x50( except figure G which is xGO,

P ig s . 1-G. — idiognalhoides sulcata parva  sp. and sub. sp. nov.
Figs. 1, 3, 4, 6 : oral views; figs. 2, 5 ; inner la teral views. Fig. 6, holotype. 
L o c a l i t y  : PI. 145 E.

Moha Colliery (XlVa).

Figs. 7-12. — idiognalhoides minuta  sp. nov .
Figs, 7. 10 ; oral views; figs. 8, 12 : inner and outer lateral views respectively; 0, 

views, llolotype figs. 7-0.
L o c a l i t y  : PI. 122 W, 260,

Bolland Borehole, bed U9 (I).

11 : a h o ra i
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