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Samples from about every 0. 5 m of the Ordavie ian part of the Finngrundet dri l l  core were 
i nvestigated for conodonts and the resulting b iostratigraphi c subdivi sion was campared 
with the tri lob i te zon atian of the same care (Tjernvik & J ohansson . 1 980: Bul l .  Geol. Inst. 
Uni v. Upps . .  N . S. 8 ) .  Conodont and tri lob it

.
e zonal boundaries coincide in the care in  

several cases. Thus. the lower boundary of the conodont zone of Paroislodus originalis 
closely coin cides wi th t hat of the tri lobile zone of Megislaspis (M. ) simon. and the lower 
b oundaries of the Microzarkodina jlabellum parva Zon e and the Eoplacogncah us7 variabi
fis Zone closely agree with those of the Megislaspis (M. ) limbaw Zon e ( as defined by 
Tjernvik & J ohansson ) and the Asaphus ex pansus Zon e. respcctively. in  the core. Such 
congruence. i n  a single local i ty .  between zonal boundaries based i n  various fossil gro u ps 
does not prove exact time-equivalen cy between the correspond ing chronozones. but if the 
pattern i s  shown to be consistent. it wi l l  be of help i n  future correlations. Sa me taxonornie 
remarks are made on cri tical taxa encountcred in the care. 

A n  i/a Löfgren, A vdelningen för His/Orisk geologi och pa/eon/0/ogi. Sölvegawn 13, S-223 62 
Lund, Sweden, 15lh Ocwber 1983. 

To the memory of Per Thorstund 

In troductian 

The Finngrundet shoal is s ituated in the southern 
Bothnian Sea at 60°59'N, l8°37'E . Dri l l ing was 
undertaken there in  1 970 i n  a col iabaration between 
the Department of Historical Geology and Palaeon
tology i n  Uppsala and the Geological Survey of 
Sweden to evaluate the Cambro-Ordovician se
quence in the area. Further information on this pro
ject was given by Thorslund & Axberg ( 1979) . who 
also presented results of spectrograph analyses of 
selected elements i n  samples taken at about 6 m 
intervals throughout the care and a prel iminary re
port on the l i thology and stratigraphy of the Cam
brian  - Tremadocian part of the care. Subsequent
ly ,  Tjernvik & Johansson ( 1980) presented a meti 
culously prepared , tr i lobite-based , b iozonatian of 
the post-Tremadocian part of the care. (Nate that 
Thorslund & Axberg used sea-leve! as zero-level for 
their measurements , whi le Tjernvik & Johansson 
used the top of the sequence, that is, a leve! 2.40 m 
higher up. I n  the present work , the figures of Tjern
vik & Johansson have been used because most of 
the references are to "their" part of the sequence.) 

In 1 978, I was invited by Per Thorslund to in-

vestigate the conodont faunas in  the care.  This was 
a particularly interesting offer because of the 
ongoing paral lel work to establish a tr i lobite zona
tian , and i t was accept ed with pleasure. Conse
quently, a total of 97 samples we re taken from the 
care by Per Thorslund and Torsten Tjernvik for 
investigation. The majority of these samples were 
processed for conodonts at the Department of His
tor ical  Geology and Palaeontology in  Uppsala , 
whi le 26 samples were dissolved and picked at the 
D epartment of Historical Geo logy and Palaeontolo
gy in Lund . Standard processing methods were used 
at both inst itutes ,  and no systematic d ifferences in 
the handl ing of the samples h ave been d iscerned . 
Each sample includes from 0.05 to 0.10  m of the 
care (in most i nstances 0.06 m), and between 50 
and 250 g of rock from each l eve! were dissolved .  
As o n l y  relat ive percentages of conodont frequen
cies are employed i n  th is  stud y ,  the size of each 
sample is not given here. Absolute abundancies of 
conodonts vary considerably;  most sam p l es from 
the lower half of the care contained several  hun
dred elements per 1 00 g rock ( a  few more than 2000 
elements/ 1 00 g ) , whi le i n  the upper half of the 
care, about half of the samples contained l ess than 
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Fig. J. Corrclation betwcen main stratigraphic units discussed in this repor!. Conodont data from 
Lindström ( 197 1 ) and Uifgrcn ( 197t;) .  

1 00 elements per 100 g. No sample was barren of 
conodonts . l n  a l l . more than 27 000 elem ents were 
detcrmined in the invest igat ion . 

Two samples ,  marked 65 . 85-65 . 90 m and 
63 . 30- 63.40 m. were obviously mis label led ( they 
have faunas from the O. evae Zone and P. prateus 
Zone, respectively ) . As their  true posit ion in the 
corc could not be ascertained ,  they have been ex
cluded from the biostrat igraphical investigation . 

The Finngrundet conodont col lection betongs to 
the Department of H istorical Geology and Palaeon
tology in Uppsala: figured specimens are deposited 
in the type col lection there. 
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Conodont occurrences 

The Paraisladus p rateus to Oepikadus evae Zones 

The lowermost samples ,  from 62.63 - 62.68 m ,  
62.50 - 62.54 m and 62.25 - 62 . 30 m .  come from 
the tr i lobite zone of Megistaspis (Ekeraspis) armara 
( Fig. 1 ) . This is the oldest Arenigian tri lobile zone 
dist inguished i n  B alto-Seandia (Tjernvik & Johans
son , 1 980, p. 1 84) . The conodont fauna encoun
tered i n  the aforementioned samples ( Fig. 2) seems 
to represent the lower part of the Paraisladus pra
teus Zone. The fauna is  characterized by Paraista-
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dus proreus and primit ive A codus spp. typ ical of the 
Hunneberg Substage . On the other hand. the fauna 
does not contain  any typical specimens of Pedrodus 
suhaequalis ( = Pcdrodus incons1w1s of Lindström 
1 97 1 ) , which is usual ly  prese nt in the Paroisrodus 

proreus Zone (cf. Lindström. 1 971. p. 29). lnstead . 
Pa/rodus is represented by a few e lements  of the 
oleler species P. de/uf"er (Fig. 4 O - Q) an d by 
e lements  here considered as early representatives of 
P. suhaequalis. referred to as P. cf. subaequalis 
(Fig. 4 R- U). Palrodus de/rif"er is charactcrist ic of  
the late Tre madocian. bu t i ts presence here do e s 
not motivate an assignment  of the beds to a leve! 
be low the Arenigian. as the majoritv of the di
agnostic species in the samples are typical of the 
Latorpian. Moreover. a speci men of Cordviadus 
ungularus found in the youngest of the three sam
ples ind icates some redeposit ion of Tremadocian 
conodonts. 

The rest of the fauna in the three samples has less 
diagnost ic value .  I t  inc ludes e lements  of Drepano
dus arcttafus. Drepanoisrodus cf. forceps (Fig. 4 

AF). Scandodus furn ishi and Scolopodus.7 pese/e
phanris . 

The fol lowing samples. from 6 1 .95 - 62.00 m and 
6 1  .-+il - 61 .53 m. come from the tr i lobite zone of 
Megisraspis ( Var\'(/spis) plan i/im bara proper ( cf. 
Tje rnvik & Johansson. 1 980). The lower of thcse 
samples has a more typical Paroisrodus proreus 
Zone fau na than al l the preeecting ones hacl. Thus . 
there are tvpical representat ives of Pedrodus suh
aequalis ( Fig. 4 V- Y) and Drepan oisrodus forceps 
as weil al l other named species found in the preced
ing samples. except Palrodus delrifer and Cordv/o
dus angularus. A codus delrarus delrarus (Fig. 4 Z. 
AA. A B) .  Paracordv/odus graci/is . Proropander
odus recrus .  primit ive Periodon. and e lements  ten
tat ively referred to as Polonodus (Fig. 4 

AAB- AAE) al l fi rst appear at the leve!  61 . 95 -

62.00 m. In the sample from 61.48 - 6 1 . 53 m the 
fauna is less typical of the P. proreus Zone as e le 
ments of Palrodus are total l y  miss ing and about  ha l f  
of the drepanodontiform e lements  of Paroisrodus 
are lateral ly costate and have been assigned to P. 
para/le/w·. This fact . and the appearance of Scolo
podus rex might justify assign ing the sample to the 
next higher zon e ,  the Prion iodus elegans Zon e .  or 
even to a higher leve! .  But due to the absence of 
Srolodus stola , a species that is almost invariably 
present in  the P.  elegans Zone and s l ight ly younger 
B i l l ingian beds , and also due to the presence of a 
few Paltadus subaequalis specimens at a higher 
leve! i n  the core , the assignment  of th is  sample to 
the P. proteus Zone seems to be the best founded 
on e. 

The tr i lobite zon e of Megistaspis (V.) p lanilimba-
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ta proper extends up to 6 1 .32 m in the core. The 
interval above . up to 61.00 m. has been label led 
"transi t ion beds'" by Tjernvik & Johansson ( 1 9i\O. 

p. 185). Equivalent beds in southern central 
Sweden have yie ldeel index graptol i tes  of the Didl·
m ograp rus bijidus Zone as weil as a Prioniodus ele
gans Zon e conoelont fauna ( cf. Linelström 1 97 1 .  p. 
29 : Tjernvik & Johansson 1 980. p. li\6). In the 
Finngrundet core . however .  no Primtiodus elegans 
Zone has been encountercd . hut as only two sam
ples (6 1 . 23 - 61.28 m and 6 1 .05 - 6 1 . 1 0 m) come 
from the "transi t ion beds'" inte rval this is not sur
pris ing. as the interval with P. ele�;ans in southern 
central Sweden is often very th in indeed (Lindström 
1 97 1 . p.  29) . 

The uppermost of the '"t ransi t ion beds'" samples 
(61.05 - 61.10 m) clearly belongs to the Oepikodus 
evae Zon e .  which is the zone succeeding the P. ele
gans Zone. The quest ion is  then whether the lowcr 
sample (61.23 - 6 1 .28 m )  comes from a leve! 
above . bclow . or possib ly  within the P. elegans 
Zone.  To refer the sample to the P. elegans Zone 
proper would be mis leading as thcre is no defini te 
proof of the presence of  st rata belonging to this 
zone in the core. The best argument for referring 
the sample to a leve!  s l ight ly  above a (fictive ) P. 
elegans Zon e .  t hat is in the lowermost part of  the 
O.  eva e Zon e. is the presence of Srolodus .sr o/a. 
which has not been founel below the P. elegans 
Zon e befor e ( Linelström 1 977 . p. 540). Howeve r. 
the frequency of S. stola e lements  is extremely low 
(on ly  2 specimens out of more than 2000 elements ) .  
and i f  this abundance was typical when 5. stola fi rst 
appeareel .  i t  is not surpris ing if it had been pre
viously missed in these beds. 

Arguments which attr ibute the sample to a leve! 
s l ight ly be low the P. elegans Zonc.  that i s  at the top 
of the P. proteus Zon e. are the presence of a fe w 
e lements  of Paltodus subaequalis . and a fai r  amount 
of Paroistodus proteus among the Paroistodus ele
ments and presence of A codus deltatus de/tatus . 
These species disappear in early Bi l l ingen t ime 
(Lindström 1 97 1 .  p. 29 . 1 977 . p. 7 ) .  and could not 
be expected to be present in  beds yoUI1ger than the 
P. elegans Zone.  On the basis of these arguments 
the sample from 6 1 . 23 - 6 1 . 28 m has been tenta
t ively placed in  the uppermost part of  the P. proreus 
Zone. This means that beds be longing to the P. 
elegans Zone coulel be present  somewhere between 
6 1 . 23 and 61.10 m.  Interest ing ly .  one geniculale 
element of P.  elegans was found in the next younger 
sample;  and indication that beds of the P. elegans 
Zone ma y, ineleed .  be or have been present.  As 
noted by Linelström 1971, p. 29 the P. elegans Zon e 
fauna is often found as a reworked fauna at the 
base of the O .  evae Zone. 
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As ment ioned above . the upper sample from the 
"transi t ion beds'' at 61.05 - 61. l O m can be con
fidently attr ibuted to the O. et•ae Zon e.  The fauna 
in this sample is  dominated by the zonal index spe
cies (3R.7 (/t·) and by D. forceps (21:\.R 7c). All  other 
species are be low l O (k i n  frequency. Among those 
al ready present in ear l ier inte rvals are Paroistodus 
para/fetus. Pro/apandemdus rectus. Stolodus stola . 
Drepanodus arcuatus. Sco/opodusJ peselephan tis. 
Scolopodus rex. and Sean doclus jl1rnishi. 

Some species appear in the core for the fi rst t ime 
at this  level .  Besides O . evae. these are : A codusJ 
gladiatus. Periodon fiabe/f u m (primitive form) .  Ois
todus /anceolatus and Conlllodus /ongi/Jasis . On the 
other han d .  Paracordvlodus gracilis. A codus delta 
tus deltall/s and Paltodus subaequalis have dis
appeared. 

A fauna virtual ly  ident icctl to this as regards the 
conodont species present was found at 61.00 m. The 
zonal index .  O. evae. dominates (47.5 'Il). Drepa
noistodus forceps amounts to 25.9 o/r. while all 
other species are bel  o w l O o/r .  On e sample from 
60.R5 - 60.90 m .  a leve! immediately above that of 
the l ast d iscussed sample . has an O. eva e Zon e 
fauna of the k ind just described . but the zonal index 
species i s  missing and D. forceps is the most numer
ous species with 70 o/c of the e lements. 1-lowever .  
O. evae reappears in the next  higher sample . from 
60.00 m .  but there on ly  amounts to 19.5 %. and is 
thus considerably  less numerous than in the older 
samples from the O. evae Zone. On the other hand .  
D .  forceps with 51 'k i n  the sample from 60.00 m is  
more numerous than in the previous samples where 
O. evae was present.  Other  changes in species fre
quency between t hese samples are negl igib le .  l n the 
sample from 60.00 m the oldest specimens of "Sco
lopodus gracilis" and Semiacon tiodus sp. appear. 

The i nterval described above . from 61.10 to 60.00 

m .  with a typical O. evae Zone fauna .  coincides 
c lose ly  with that dist inguished as the tr i lobile zone 
of Mega/aspides (Megalaspides) dalecar!iClls by 
Tjernvik & Johansson (1980). which includes beds 
from 61.00 to 59.94 m in  the core. 

In the next interval . conodont samples were 
taken from 59.50. 59.00. 58.50 - 58.57. 58.50. 

58.00. 57.50, and 57.00 m .  compris ing the intervals 
distinguished as the Megistaspis (V arvasp is) eston ica 
Zone and the basal l m of the Megistaspis ( Megis
taspis) lata Zone by Tjernvik & Johansson (1980). 

These samples have an impoverished O. evae Zone 
fauna and l ack species typical of younger beds. 
They have been considered to come from the upper 
part of the O .  evae Zone.  In a l l  these samples ,  O. 
evae and Paroistodus parallelus are missing ,  but the 
latter species  is replaced from 58.50 m and upwards 
in younger beds by Paroistodus originalis. which . 
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however .  is very infrequent .  Stolodus stola has its 
l atest appearance at 51UJO 111 . while "Scolopodus 
gracilis" (Fig. 4 AK) di sappcars after 51:\.50 111. and 
on ly appears again in the F.. ) t·ariabilis - M. 
jlabelfum Subzone .  In al l seven samples from the 
inte rval 59.50 to 57.00 m Drepanoistodus .förceps is 
the most numerous species with a frequency nor
mal ly around 50 '!r. except for the two top sa111ples .  
where its frequency exceeds 7 0  'l< . Pcriodon 
flabellum i s  fai rly frequent in four of the samples 
from this interval with a maximum of 27 '!r at 58.50 

- 5R.57 m. Protopanderodus rectus is present in all 
se ven samples and with frequencies of a bo ut l O Cfr. 
Conwodus /ongibasis . Protopan derodus rectus. Sco
lopodus rex and Drepanodus arcu/1111.\. occur consis
tent ly .  but in lower numbers in the interval. while 
other species present in the lowcr part of the O. 
evae Zo!le appear only sporadically here. 

The Ballan iodus triangularis to Paroistodus origina
lis Zones 

At  56.50 m Balwniodus triangularis. B. nal 'is and 
Microzarkodina j!abellum .flabellum fi rst appear. 
They indicate the beginn ing  of the Volkhovian . As 
B. triangularis and B .  nm·is appear for the first t ime 
in  the same sample . i t is impossible to dist ingui sh a 

separate B. triangularis Zon e he re. 1-lowevcr . i t is 
quite possib le  that this zone may be present some
where between 57.00 m and 56.50 m .  as the interval 
with on ly B. triangularis usuallv has a very limited 
vertical extens ion in Bal to-Seandia (cf. Lindström 
1971. p. 31). As B .  triangularis an d B. nm·is occur 
together in many samples in the inte rval between 
the upper boundary of the O. et•ae Zone at 56.50 m 

and the lower boundary of the Paroistodus origin a
lis Zone at 51.50 m in  the Finngrundet core . this 
interval is referred to col lectively as the B. triongu
laris and B. navis Zones. Within this interval the 
fol lowing species appear for the fi rst t ime in the 
core : Protopan derodus cf. varicostatus. (at 56.00 

m ) , Scalpellodus cf. latus (at 55.50 m )  and Drepan
oistodus basiovalis (at 54.50 m ) .  each of which . 
however ,  at most constitutes a fe w percent of the 
fauna.  The l ast ment ioned species occurs together 
with its predecessot. D. forceps,  which is by far the 
most numerous of the two i n  the interval .  Actual ly . 
it is the most numerous species of a l l  in this inter
val , having a frequency of more than 45 % in al l 
but one sample (at 52.50 m ) .  Not until the level 
51.50 m does D. basiovalis outnumber D . .förceps in 
any sample.  Species rather common in the B. trian
gularis and B. navis Zones are Protopanderodus 
rectus ( from 6 to 15 %) and Microzarkodina 
flabellum flabellwn ( from 11 to 35 %, but total ly 
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absent from the samples at 56. 00 and 55 .50 m). 
Other species are much less common i n  the i nter
val, the two Baltoniodus species for instance. 
together amount to more than 10 % only in  the 
sample from 54.00 m, and usually have a combined 
frequency below 5 %, while Cornuodus longibasis 
is below 3 . 5  % in the entire interval. Periodon 
flabellum is of importance only in the lower half of 
the interval, where it has a maximum of 1 2  % at 
55 .50 m. Scolopodus rex, Sco/opodus? peselephantis 

and Drepanodus arcuatus are present in most sam
ples from the i nterval, but in numbers below 2.5 %. 
Some specimens of Oistodus lanceolatus, Paraisto

dus originalis and Walliserodus cf. ethingtoni were 
also found in the interval. Scandodus furnishi has i ts 
last occurrence at 55 .00 m. 

The first specimens of Eoneoprioniodus breviba
sis ( = Scandodus brevibasis of Lindström 1 97 1 )  
appear at 53 .00 m .  but they only make u p  0.2% of 
the fauna. In fact, th is  low frequency prevails up to 
5 1 . 50 m, where the species reaches an abundance of 
l %. At 5 1 . 50 m Paroistodus originalis also shows a 
sharp i nerease in abundance (from 1 . 2  to 26 % ). As 
5 1 . 50 m is also the leve! where Drepanoistodus 
basiovalis first outnumbers D. forceps; the P. origi
na/is Zone is judged to have its base here. 

The boundaries of the combined B. triangularis 
and B. navis Zones (56 .50 to 5 1 . 5 0  m) coincide 
approximately with those of the trilobite Zone of 
Megistaspis (Megistaspis) lata (58. 00 - 5 1 . 07 m; 
Tjernvik & Johansson 1 980, p. 1 90) in the core. 
The conodont Zone of P. originalis ( 5 1 . 50 - 45. 60 
m) earresponds even doser to the contemporary 
tri lobite Zone, that of Megistaspis (Megistaspis) 

sirnon (5 1 . 07 - 45.48 m; Tjernvik & Johansson ,  
1 980, p. 19 1 ) .  

I n  the P. originalis Zone the zonal index species 
is the most numerous one in the i nterval up to and 
including the sample from 48.50 m. I ts frequency in 
the interval is generally about 40 %. In the same 
interval Drepanoistodus is much less common than 
in the previous interval (a drop in frequency of Dre

panoistodus elements from about 50 to about 
15 % ).  Nonetheless ,  D. basiova/is is one of the 
three or four most frequent species in the lower 
part of the P. originalis Zone. Elements of D. 
basiovalis are by far more numerous than those of 
D. forceps, a species which is last observed at 5 1 . 00 
m. In the i nterval up to 48. 50 m, B. navis usually 
has a frequency of between 1 5  and 20 %, except in 
the two lowermost samples, where it is about 8 %. 
Protopanderodus rectus is also fairly common with a 
frequency between 5 and 20 %. Microzarkodina 
f/abe/lum parva (Fig. 4 A- G) appears at 50. 00 m 
for the first time. It replaces M. f/abellum flabellum 
(Fig. 4 H- N) in the lower part of the zon e, bu t 
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occasional specimens of the older subspecies occur 
throughout the zone. Specimens of M. flabellum are 
much less common than in the B. triangularis and 
B. navis Zon es, and in the lower half of the P. 
originalis Zone they usually have a frequency of 
about 5 %. Eoneoprioniodus brevibasis is usually 
present in numbers between l and 2 %, bu t has a 
maximum of 7 . 5  % at 49.50 m. In the same interval 
Cornuodus /ongibasis is present in all samples and 
with slightly h igher frequencies with a maximum of 
5 % at 50.50 m ,  while Periodon flabellum only 
occurs in three samples with a frequency of about 
5 %. Scolopodus rex, Scolopodus? peselephantis. 

Drepanodus arcuatus and Scalpe//odus latus appear 
quite regularly in sam p les from the interval, bu t 
usually i n  frequencies below 1 %. Typical elements 
of Sca/pe//odus latus (Fig. 4 AL- AP) appear at 
5 1 . 00 m ,  thus at approximately the same leve! as in 
Jämtland (N. Sweden ) ,  although i n  that area the 
preeecting taxon, 5. cf. latus (Fig. 4 AQ- AS, AZ, 
AAA), has not been found. Gistadus lanceo/atus 

occurs for the last time at 5 1 . 50 m. Protoprioniodus 
cf. simp/icissimus has one of i ts sparse occurrences 
at Finngrundet at 5 1 . 50 m. At 5 1 . 00 and 50.00 m 
there are questionable appearances of Drepanoisto
dus? cf. venustus, which otherwise is not present 
until the uppermost part of the zone. 

In the upper half of the P. originalis Zone, repre
sented by samples from 48.00 m up to and including 
the sample from 46. 00 m, there is a conspicuous 
drop in frequency for P. originalis compared with 
the lower half of the zone. In  the upper part, its 
occurrence is irregular; the species is totally missing 
from three samples , while the frequency in the 
other three samples varies from 2 to 20 %. But 
even that maximum is  below average for the preee
cting i nterval. Baltoniodus navis is more numerous 
than in the lower part of the zone, with two maxima 
of 40 and 37  %. Microzarkodina flabel/um also has 
higher frequencies t han in the previous interval, 
with a mean of 2 1  %, compared with 8% in the 
lower half of the zone, while Periodon flabellum is 
missing in all samples but one, where it has a fre
quency of less than l %. The frequency of Proto
panderodus rectus varies between 5 and 1 9  %, t hat 
is about the same as in the lower half of the zone, 
and Drepanoistodus basiovalis has highly varying 
numbers (between l and 27 %) with a mean of 
1 2  %. Specimens of Scalpellodus latus are not u n
common. They vary from 4 to 12 % in the upper 
halt of the P. originalis Zon e. Eoneoprioniodus bre
vibasis occurs last at the upper boundary of this 
zone. The species is quite abundant  in some sam
ples in the interval, with a maximum of 1 1  % at 
46.50 m. Drepanodus arcuatus, never abundant in 
the Finngrundet core, h as unusually high frequen-
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cies in this interval . with a mcan of about 4 ':1 .  
Cornuodus longi/Jasis and Scolopodus :J pese!ephan
tis occur persistent l y .  hut with on ly a fcw percent 
cach . while Scolopodus rcx. Protopan derodus cf. 
varicosf(l(us and Drepanoistodus ? cf. l 'e/1 1 /SIUS occur 
more sporadical ly and in very low numbers. 

The Microzarkodina fiabelltull par\'{/ Zon c 

At 45 . 60 m the first specimens of Semiaconriodus 
cornufonn is appear .  which marks the base of the 
Microzarkodina fiabelltull parva Zone (Fig.s. 2 and 
3) . Also.  the first specimens of Balroniodus J7re l•ari
abilis norrlwz dicus appear at this leve! .  In the lower
most part of the zone the last representatives of 
Microzarkodina flabcllwn fiahelium and B. !zal'is 
were found . At 44 . 00 m the last specimens of Scolo
podus rex occur .  The most numero u s  species in the 
zone is B. prevariabi/is norrlan dicus with a frequcn
cy usual ly  around 20 'k . hut with no less t han 51 '!c 
at 41 . 00 m and 45 o/r at 40 . 00 m .  Other fair ly com
mon species are Microzarkodin a flabellum pan·a 
with about 20 <;;,. near the uppe r and lower bounda
ries of the zon e. bu t on ly  about 5 '!r in the middle 
part , and Drcpanoisrodus basio l'a!is with a max
imum of about 30 7r in the middle part of the zonc 
and about 10 % near the lower and upper bounda
ries .  Proropan derodus rcctus is more abundant in 
the lo we r h alf of the zon e ( a  bo ut 15 o/r )  t han in the 
upper h alf ( about LO % ) . The re is a marked vari
ation in the frequency of Paroisrodus origimliis in 
the zone . In the l owermost part it am()llnts to about 
30 %. but from 44 . 50 111 and upwards it occurs on ly  
sporadical l y .  except for a l ast maximum of 2 8  <;{ at 
42 . 00 111 . The most astonishing appearance in this 
zone is that of Scalpellodus gracilis. which appears 
at 40 . 50 m and then repl aces Scalpellodus /arus. 
This appearance of S. gracilis is much earlier  than 
observed in Jämtland ( Löfgrcn . 1 978) . where this 
species first occurs in the upper part of the E. ? 
variabi/is - M. flabellum Subzon e .  This difference 
in the first appearance of S.  gracilis is partly ex
plained by the fact that S. latu.1· evidently did not 
become extinct when it was replaced hy S. gracilis 
at Finngrundet. In the l ower part of the E. ? variabi
fis - M. flabellum Subzone in the Finngrundet core 
it reappears. replacing S. gracilis , but is again , and 
now definite ly ,  substituted by t hat species in the 
middle part of the subzone.  Most probably it is the 
equivalent of this l ast replacement of S. /atus by S. 
gracilis that was recorded  ( Löfgren . 1978. p. 29) in 
Jämtland , while the first replacement did not occur 
at a l l  in that are a ,  or was overtooked due to scarcity 
of typical  e lements in the critical  interval . E lements 
of Scalpellodus are fair ly  common in the M. flabel
lum parva Zon e ,  especia l ly  in the upper third , 
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where it usual ly  has a frcqucncy of about 1 5  '/c .  
Persistent ly appearing: in a lmost every sample . hut 
in numbers st il l usual ly  be low 5 '!r .  are Comuodus 
longibasis and Scolopodus ? peseleplwntis , while 
Drepanodus arcuaflls occurs in a l l  samples from the 
interval and in numbers around 5 '!r .  Semiacontio
dus cornuformis is more infrequent : it never reach
cs 2 o/c in the M. flabellum parva Zon e .  In  this 
zon e .  there are a lso single appcaranccs of Walliser
odus cf. eth ingtoni .  Proropanderodus cf. varicosw
rus. Drepanoistodus ? cf. ven ustus .  and Periodon fla 
belhim. One specimen of Eon eoprion iodus (possib
ly a successor of E. bre1·ibasis)  was found in the 
middle part of this zon e .  '.llld a lso a specimen of 
Enaricodon at 39 . 50 m .  

The l ower and upper boundaries of the M .  flabcl
lum parva Zone (45 . 60 - 39 . 00 m) closcly agree 
with those of the corresponding trilobile zon e .  that 
of Megisraspis ( Megistaspis) limbma (45 .5S - 39 . 1 0  

m :  Tjernvik & J ohansson . 19SO. p .  1 92) . 

The Eop/acognarhus ?  variabi/is Zone 

At 39 . 00 m the first identifiable e lements of Eopla
cognathus?  variabi/is were found .  Their appcarance 
has been used to denote the lowcr boundary of the 
E. ? variabi/is - M. flabellum Subzon e .  as wei l  as 
the lower boundary of the E. ? variabi/is Zon e .  

The earhest occurrence of B .  prevariabi/is medius 
is at 35 . 50 m. The taxon has an interval of co-occur
rence with its preclecessor B.  prel'ariabilis norrlan 
dicus up to 33 . 00 m .  and by 32 . 50 m the oleler sub
species has disappeared completcl y .  Balroniodus 
prevariabi/is has quite varying nu111 bers in the sub
zon e .  There are at !east three maxima with more 
than 40 %. one at the l ower boundary . one at 35 . 00 

- 34 . 50 m .  and one at 31. 50 - 28 . 00 m .  Between 
these maxima the frequencics are normal ly between 
l O  and 30 % .  Microzarkodina flabellum parva vari
es in the interval 39 . 50 - 33 . 50 m between 4 and 
25 % with a mean of 15 . 5  % :  between 33 . 00 and 
29 . 50 there is a min imum with usua l ly  be low 10 % ,  

and between 29 . 00 and 22 . 50 m the frequency fluc
tuates h ighly with four maxima with more than 
40 % and three minim a .  two of which are be low 
l O  % .  In the uppermost part of the subzone the 
frequency is more even and not so high ( about 
15 % ). Elements of Drepanois rodus basio valis are 
quite numernus in the lower part of the subzone . 
From 39 . 00 to 35 . 50 m it has frequencies from 
about 20 to about 35 % .  At  35 . 50 m another D repa
noistodus species,  D . ? ven ustus appears, and from 
35 . 00 m frequencies of Drepanois todus e lements are 
general ly lower ,  a lthough there is a m aximum of 
35 % at 32. 00 m. From 30 . 50 m and higher  up in 
the subzone D repanoistodus frequencies hardly ever 
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exceed 10 o/c. Elements of Scalpe//odus (S. gracilis. 
except in the middle part of the subzone. where S. 
!atus reappears briefly. cf. p. 122) generally amount 

to between 10 and 20 o/r in the interval 39.50 to 
32.50 m. Between 32.00 and 26.00 111 the abundanee 
declines and never reaehes l O Sir. The uppermost 
part of the subzone. between 25.50 and 21.00 m is 
eharacterized by wiclely fluctuating frequencies 
from 12 to 54 %. with at !east two maxima (37% at 

25.00 m and 54 % at 21.50 m). Semiacomiodus 
cornuformis is considerably more common than 
previously. lt is present in all samples but three in 
the in terval an el has frequencies below l O (/c· up to 
35.00 m. usually 10-2() Sic between 34.50 and 27.50 
m. and again below lO% from 27.00 to 21.00 m. 
The most marked decrease in numbers compared 
with the Microzarkodina .flabe//um parva Zone is 
shown by Protopanderodus. represerHed by ele
ments of P. rectus and P. cf. varicostarus. In no 
sample from the subzone does their co111bined fre
quency rea ch l O %. and i t is usually below 5 0t. 

Protopanderodus rectus is the dominating one of the 
two species up to 29.00 m. while P. cf. varicostatus 

prevails in your1ger beds. Among the less common 
species in the subzone is Eoplacognathus7 variabi
lis. the zonal index species, which is below 5 Sic in 
all samples in the lo we r h alf of the subzon e. bu t 
generally slightly more numerous in the upper half 
with a maximum of 12 o/c at 27.50 m. Other plat
forms, like those of Polonadus are still less com
mon. Conuodos longibasis. as in the previous inter
vals, hardly e ve r exeeeds 5 %. bu t i t has a notable 
maximum at 36.50 m of a bo ut 20 %. "Sco/opodus 
gracilis" (Fig. 4 AG-AK) which had been missing 
from Finngrundet since the upper part of the O. 
evae Zone now reappears at 38.50 m, then appears 
in all samples from 36.50 to 33.00 111 with a frequen
cy of usually a fe w percent. bu t has a maximum of 
about 13 % at 33.50 m. There is a single appearan
ce of elements of Erraticodon s p. (Fig. 4 AT- A Y) 
at 38.00 m and Dapsilodus mutatus occurs from 
26.50 m and upwards in frequencies below 7 %. 

Drepanodus arcuatus occurs in many samples in the 
subzone, but not as persistantly as previously and 

always in frequencies below 5 %. Sco/opodus? pes
e/ephantis oceurs in a low percentage in all samples 
up to 37.00 m, then only at 31.00 and 22.50 m, 
while Paroistodus uriginedis has its on ly occurrence 
in the subzone (and last occurrence in the core) at 
32.00 m. Occasional specimens of Belodel/a cf. 
jemtlandica, Periodon f!abellum, Walliserodus eth

ingtoni, Drepanodus? sp. A. and Strachanognathus 
parvus al so occur in the subzon e. 

At 20.50 m the first elements of Microzarkodina 

ozarkode//a appear. denoting the b ase of the next 

higher subzone. the E.? variabi/is - M. ozarkode//a 
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Subzone. Actually. two isolated elements of M. 
ozarkode//a -type were found as early as 31.00 m. 
but were judged to be aberrant forms of M . .flabel
lum. Occasional elements of this kind can even be 
found in the B. navis Zone. but in extremely low 
frequencies. Also. a few elements of M. f!abe//wn 

still pre va il in the basal me tres of the E.� \'a riabi/is 
- M. ozarkode//a Subzonc. bu t M. ozarkodc//a is 
the greatly dominating one of the two species. with 
about 10% relative frequency. The fauna in this 
subzone is less varied t han t hat of the previous on e. 
There are for instance no other plattorm species 
t han E.? variabilis. and elements of Prolapandero

dus rectus as weil as Protopanderodus cf. l'aricosta
tus are extremely scarce. The two most numerous 
species are Haltaniodus prevariabi/is medius and 
Sca/pe//odus gracilis. Semiacontiodus comuf'ormis. 
Drepanoistodus basiovalis and Cornuodus longiba
sis are present in most samples in low numbers. 
while only occasional specimens of Drcpanoistodus? 
venustus, Dapsilodus nwtatus. Drepanodus? n.sp. A 
and ''Scolopodus gracilis" were found. 

Comments on the biostratigraphical subdivision 

As can be seen from the subelivision clescribed 
above and illustrated in Fig. l. several conoclont 
and trilobite zonal bounclaries coincide closely. In 
several of these cases, the actual zonal bounclaries 
may have proven to be even doser to each other. if 
the spacing of the conodont samples had been clos
er in these critical intervals. One explanation of this 
close coincidence between trilobite and conodont 
zones coulcl be that mutual boundaries denote ma
jor environmental changes or even stratigraphic 
gaps. Some kind of alteration in the environment 
can, and must perhaps. be intrinsic to any change in 
the fauna. The sole exception may possibly be when 
a phyletic change within a Iincage leacls to the re
placement of an oleler species by its immediate suc
cessor. Several such phyletic exchanges occur at or 
near conodont zonal boundaries at Finngrunclet. 
but only one, the replacement of Microzarkodina 
flabe!htm parva by M. ozarkode!la. is the main 
criterion for drawing a (sub)zonal bounclary. As the 
upper bounclary of a zone is coincident with, and 
defined by, the leve l where the next higher zon e has 
its lower boundary, first appearances of taxa are 
more often used to delimit zones than last occur
rences. One or more such first appearances are thus 
by definition normally encounterecl at a zonal 
boundary. If, however. several first appearances of 
new taxa coincide with last occurrences of old ones 
at a zonal boundary. a major change in the environ
ment or a stratigraphic gap can be suspectecl. 

At Finngrunclet. only the boundary between the 
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P. proteus and O. evae Zones (at 6 1 . 10  m) appears 
to be of this k in d ,  with four appearances of new 
species and four last occurrences (and one phyletic 
transit ion ) .  As can be seen from the tr i lobile fauna .  
however (Tjernvik & Johansson . 1 980. p.  
1 85- 1 87 ) . the interval around this  boundary i s  
characterized by a mixture of older and younger 
fauna!  e lements. This  can hardly be compatible with 
a major environmental  tumover at the boundary. 
The other conodont zonal  boundaries at Finngrun
det are each characterized by a more diffuse fauna! 
change with only a few fi rst appearances and last 
occurrences of taxa at or n ear the boundary , while 
the majority of the species continue across the 
boundary. 

To conclude . the close correspon dence between 
several conodont and tr i lobile zonal  boundaries at 
Finngrundet should not be taken as proof that the 
corresponding chronazonal  boundaries coincide ex
actly. On the other  hand . no major fauna!  breaks or 
stratigraphic gaps could  be detected to explain the 
agreement.  It  i s  to be hoped that this attempt to 
correlate tr i lobile and conodont  zones can be help
ful  i n  future stratigraphic earre lat ions  of Ear ly 
Ordavieian rocks. 

Bull. Ge o! . In  st. Univ. Uppsala .  N .  S.  lO  ( 1 985 ) 

Taxanom y 

As the purpose of this investigation was mainly 
b iostratigraphical , the systematic part  has been re
stricted to some short taxonomic observations. 
Most of the species encountered at Fin ngrundet 
were also found i n  rocks of the same age i n  Jämt
land (Löfgren 1978 ) ,  and the reader i s  referred to 
that work for taxonomic comments and descrip
t ions. I n  some cases the addit ional material from 
Fin ngrundet has added new taxonomic data and 
som e of t hese taxa are t hus commented on below. 

A codus deltatus deltatus Lindström 

Fig. 4Z. AA. AB 

1 955 A codus deltatus n .  sp. - Lindström .  p.  544 . PI .  3 : 30 
1 977 A codus deltatus deltatus Lindström - Lindström .  p. 

7 .  A codus-Plate 2 : 8 - 1 3  ( in cludes synonymy through 
1 975 ) 

The specimens  found agree wei l  with L indström's  
(1955 , 1 977)  descript ions.  Among the ramiform ele
ments there are dolabrate and tertiopedate as wei l  
as quadriramate specimens. 
Material. - 71 e lements. 

Fig. 4. Conodont elements from the Finngrundet core. Al l  pictures except A ,  H.  AL- AS. AZ and AAA are SEM 
pictures. D A - G: Microzarkodina jlabellwn parva Lindström.  D A :  Ozarkodiniform element PU no. B523 from 22.50 
m.  X48.  D B: Ozarkodiniform element PU no. B533 from 33.50 m .  X70. D C :  Trichonodelliform el ement PU no. B534 
from 22. 50 m. X56. D D: Cordylodontiform el ement PU no. B535 from 33.50 m .  X80. D E: Asymmetric ramiform 
element PU no. B536 from 22.50 m .  X48. D F: Asymmetric ramiform element PU no. B537 from 29.00 m, X70. D G: 
Oistodontiform element PU no. B538 from 33 .50 m. X80. D H - N :  Microzarkodina flabellum flabellum ( Lindströ m ) .  
A l l  elements from 52 .50 m .  D H :  Ozarkodiniform element PU no. B524, X55. D 1 :  Ozarkodiniform element PU n o. 
B540 , X55.  D J :  Trichonodelliform elem ent PU no. B 54 ! .  X50. D K: Cordylodontiform element PU no. B542, X55. 
D L: Asymmetric ramiform element PU no. B543 . X60. D M: Asymmetric ramiform element PU no. B544, X55.  D N :  
Oistodontiform element P U  no. B545 . X60. D 0 - 0 :  Paltadus deltifer ( Lindström) .  All  elements from 62.25 - 62. 30 m.  
D 0 :  Drepanodontiform element P U  no. B549 , X50.  D P :  Prioniodontiform element PU no. B550 . X65.  D Q:  
Qistodontiform element P U  no. B55 1 .  X55.  D R - U: Paltadus cf. subaequalis Pander. All  elements from 62. 50 - 62. 54 
m. D R: ?Prioniodontiform element PU no. B55 3 .  X42. D S: Oistodontiform element PU no. B554, X50. D T :  
?Drepanodontiform element PU n o. B55 5 .  X75 .  D U: Drepanodontiform element PU no. B556, X50. D V - Y :  
Paltadus subaequalis Pan der. A l l  elements from 6 1 . 95 - 62. 00 m. D Y :  Drepanodontiform element PU no. B546, X62. 
D X: Drepanodontiform element PU no. B547 . X62. D Y: Oistodontiform element PU no. B548 , X46. D Z, AA , AB: 
A codus deltatus deltatus Lindström .  D Z: Ramiform element PU no. B560 from 6 1 . 95 - 62. 00 m, X60. D A A :  
Oistodontiform element PU no. B56 1  from 6 1 .48 - 6 1 . 5 3  m ,  X80. D A B :  Prioniodontiform elemen t PU no. B562 from 
6 1 .95  - 62. 00 m ,  X60. D A C - A E :  Drepanoistodus forceps ( Lindström) .  All elements from 6 1 . 23 - 6 1 . 28 m. D AC:  
Oistodontiform element PU no. B557, X40. D AD:  Drepanodontiform element PU no. B558, X40. D A E :  Drepano
dontiform element PU no.  B55 9 .  X50. D AF: Drepanoistodus cf. forceps ( Lindström) .  Drepanodontifrom element PU 
no. B552 from 62.25 - 62. 30 m.  X60. D AG- AK:  "Scolopodus gracilis" Ethington & Clark. AG-AJ from 33 .50 m ,  
AK from 59.50 m .  D AG: PU n o. B566, X90. D A H :  P U  no. B563, X60. D A l :  P U  no. B564, X80. D AJ : PU no. 565, 
X50. D AK: PU n o. B539, X50. D AL- AP:  Scalpellodus latus ( van Wamel ) .  AL, AN, AO short-based drepanodonti
form elements; AM lon g-based drepanodontiform element;  AP scandodontiform element. D AL: Early form PU no. 
B525 from 50. 50 m, X40. D A M :  PU no. B526 from 46.66 m ,  X40. D A N :  PU no B527 from 42. 50 m ,  X40. D A O :  
E arly form , PU n o .  B528 from 5 1 . 00 m .  X50. D AP :  PU n o .  B529 from 42. 50 m ,  X50. D A Q - AS, A Z ,  AAA:  
Scalp ellodus cf. latus ( van Wamel ) .  AQ - AR long-based drepanodontiform elements; AS,  AZ and AAA short-based 
drepanodontiform elements. D A Q :  PU no. B567 from 52.00 m ,  X47. D AR: PU no. B530 from 5 1 . 50 m ,  X70. D AS: 
PU no. B53 1  from 52 .50 m, X47. D AZ: P U  n o  B532 from 5 1 . 50 m, X54. D AAA : PU no. B568 from 52.50 m, X80. D 
AT- A  Y :  Erraticodon sp. A ll elements from 38.00 m. D AT: ?Hin deodelliform element PU no. B572,  X60. D A U: 
Cladognathodontiform element PU no. B573, X60. D AV:  Zygognathodontiform element PU no. B574 , X35.  D AX:  
Ozarkodiniform element P U  no. B575, X35.  D AY:  N eoprioniodontiform element PU no. B576,  X35 .  D AAB- A A E :  
Polonodus ? sp. All elements from 6 1 . 23 - 6 1 . 28 m .  D A A B :  Ramiform element PU no. B569 , X45. D AAC: Platform 
element ( posterior up) , PU no. B570 , X45. D AAD: Platform element ( posterior to the right) , PU no. B57 1 ,  X40. D 
AAE : Detail of AAD, X230. 
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Drepanoistodus cf. forceps (Lindström) 

Fig. 4 AF 

eL 1955 Gistadus färceps n. sp. - Lindström. p. 574. PI. 
4:9- 13. Fig. 3M 

cf. 1973 Drepanoistodus färceps (Lindström. 1955) -
Lindström. p. 75. D repanadus -Piatc l :5. 6 

cf. 197R Drepanoistodus färceps (Lindström) - Löfgren. 
pp. 53-55. PI. l: 1-6. Fig. 26A (includes 
synonymy through 1977) 

An array of drepanodontiform elements from the 
Hunnebergian. of a kind generally attributable to 
Drepanoistodus are included in D. cf. forceps. 
Some of these elements are similar to forms origi
nally described as Drepanodus amoenus by Lind
ström ( 1955), som e similar to those described by 
him as Drepanodus homocurvatus, while a few are 
close to forms described by him as Drepanodus p/a

nus in the same publication. Had these elements 
been found associated with oistodontiform elements 
of D. forceps, their assignment would have been no 
problem. In fact. associations like this can be found 
slightly higher up in the core in beds of Billingen 
age. But in oldest Arenigian beds no oistodontiform 
elements of that kind have been encountered. J 

tend to agree with Lindström (1973:75) that ele
ments like those described as Drepanodus amoenus 
from the late Tremadocian may have been associ
ated with oistodontiform elements closely similar to 
those of coeval Paroistodus. As a taxon with drepa
nodontiform elements virtually indistinguishable 
from those of slightly you n ger. D. forceps ( cf. Fig. 4 
AF and AD-AE), D. cf. forceps was most prob
ably the immediate predecessor of that species. and 
it is most natural to assign both taxa to the same 
genus. More numerous collections than those at 
hand are needed to eventually ascertain what the 
oistodontiform element of D. cf. forceps Jooked 
like. Until the n, o pen nomendature is to be preter
red for this tax on. 
Material. - 31 drepanodontiform elements. 

Enaticodon sp. 

Fig. 4AT-AY 

Seven hyaline elements, one from the top of the M. 
f parva Zone and six from a sample low down in 
the E.? variabi/is - M. fiahelium Subzone have 
been referred to as Erraticodon sp. The type-spe
cies of this genus, E. balticus Dzik (Dzik 1978:66), 
was recovered from the Llanvirnian E. foliaceus 
and E. robustus Zones. Although the specimens in 
the present study show no striking resemblance to 
elements of E. balticus, that species seems to be the 
one most closely related to the Finngrundet taxon 
among hitherto described Enaticodon species. 

Bull. Geol. Inst. Univ. Uppsala. N. S. JO ( 19R5) 

Three of the Finngrundet specimens are very 
similar to e a ch other (on e is illustrated in Fig. 4 
AT), and can probably be designated as earres
panding to the hindeodelliform element of E. balti
cus, but they have no anterior process. a twisted. 
denticulated posterior process and an inner-lateral 
flare of the base. which might develop into a short 
process. 

One element is ozarkodiniform (Fig. 4 AX). !t 

has longer denticles on the anterior process than in 

the corresponding specimens figured by Dzik ( 1978. 

Fig. 6a. PI. 15: l), bu t this ma y be due to ontogene

tic differences. The element of ? Erraticodon s p. fi
gured by Ethington & Clark ( 1982. PI 4: 18) is prob
ably another example of the same element type. 

The neopriodontiform element in the present col
lection (Fig. 4 A Y) agrees excellent ly with the 
specimen(s) figured by Dzik. 

An element which should have occupied an S 
position can be described as cladognathodontiform 
(Fig. 4 AU). lt has a denticulated posterior process 
and two asymmetrically directed lateral processes. 
each with one denticle. The element looks like a 
symmetry-transition variant of the trichonodelli
form element of E. balticus. 

The element found in this study most probably 
corresponding to the plectospathodiform element of 
E. balticus is a digyrate, zygognathodontiform ele
ment with two processes twisted in opposite direc
tions (Fig. 4 A Y). 

Most of the E. balticus specimens figured by Dzik 
have one especially !arge denticle on the posterior 
process, while the elements in the present study 
have subequally Iong denticles on that process. !t is 
unlikely that the variation in E. balticus was great 
enough to include the Finngrundet specimens. On 
the other hand, the great similarity between the 
neoprioniodontiform element of E. balticus and of 
E. sp. indicates that the taxa are at !east congener
ic. Hindeodelliform and neoprioniodontiform ele
ments of Erraticodon were also found in the E. 

suecicus - P. sulcatus Subzone and a trichonodelli
form element, designated as Gen. et sp. indet. B 
(Löfgren 1978, PI. 1:41-44), in the E. foliaceus 
Subzone of Jämtland. At !east the trichonodelliform 
element, approximately contemporaneous with the 
material on which Dzik based E. balticus, should 
belong to that species. 

As for the other Jämtland specimens and those 
from Finngrundet, they could belong to one or 
more older Erraticodon species. Due to the small 
amount of specimens at hand, open nomendature 
should be used for the time being. 

Ethington & Clark (1982) described Erraticodon 
elements from beds in Utah which may be approx
imately coeval with the Erraticodon-bearing beds at 
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Finngrundet . Yet . the Utah taxon . cal led E. aff .  E. 

balticus, seems to have greater affin i t ies  to E. balti

cus than to the Finngrundet specimens .  as only its 

hindeodel l iform e lements seem to differ appreciably 

from those of E. balticus ( Ethington & Clark . 1 91\2 . 

p .  45 ) .  The even oleler Austral ian species .  E. patu, 

deseribed by Cooper ( 1 98 1 ,  p. 1 666) has a distinctlv 

different set of e lements than those recovered fro� 
Finngrundet . 
Mmerial. - 7 e lements . 

Microzarkodina .flabellum parva Lindström 

Fig. 4 A - G  

1 97 1  Microzarkodina pan•a n .  sp. - Lindströ m .  p. 5 9 .  P I . 
l : 1 4 

1 975 Microzarkodina parva Lindström - Lindström . p. 
1 93 .  Microzarkodina-Piate  l : 7  

1 976 Microzarkodina flabellwn pan·a Lindström - Dzi k ,  
Fig.  35a- h 

Lindström ( 1 97 1 .  p .  59 )  introduced the name M. 
parva for a successor of M. jlabellum . He stateet 
that the main difference between the two species 
was that in  M .  jlabellum the dentic les reach about 
half the height of the cusp in  the ozarkodiniform 
e lement .  while i n  M .  parva the dentic les reach con
siderably less than half the height of the cusp . 
Several subsequent authors ( i ncluding Löfgre n ,  
1978)  have experienced difficult ies when trying to 
distinguish between the two taxa ,  especial ly in  less 
wel l  preserved col lection s .  Y et , Lindström ( 1 97 1 , 
1975)  is no doubt right when he states that there is a 
morphologic difference between stratigraphical ly 
oleler and younger representatives of Microzarkodi
na  with one dentic le in front of the cusp in  the 
ozarkodiniform e lement .  In the rich and relatively 
wel l  preserved Microzarkodina faunas from Finn
grundet distinct ion between the two taxa was thus 
possib le  with the younger taxon replac ing the o leler 
within the P. originalis Zone . 

Besides the already ment ioned difference of rela
tive cusp/denticle height , t here is  another useful 
criterion for distinguishing the ozarkodiniform e le
ments of M. f. parva from those of M. f. jlabellum.  
In  the latter , the an g! e between the anterior margin 
of the base (along the anterior margin of the ante
rior dentid e )  and the anterior ed ge of the cusp is 
more pronouneed , and thus makes the tip of the 
anterior denticle diverge more strongly away from 
the eusp than in M. f. parva (cf. Fig. 4A , B with 
Fig .  41-1 , I )  . 

. 
The differences between the taxa are extremely 

shght m the other e lement-types and ,  i n  agrcement 
with Dzik ( 1 976) i t  i s  suggesteet that they should 
only be regarded as separate at the subspeeifie  
leve! . 
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Material. - 1 708 e lements , of which 628 are ozar
kodiniform . 

Paltodus cf. subaequalis Pander 

Fig. 4 R - U  

cf. 1 85() Pa/10dus subaeq ualis n .  sp. - Pander.  p. 24.  PI . 
l : 24 .  tcxt-fig. 4a 

cf. 1 977 Pa/10dus suhaequalis Pander - Lindström . p. 
427 . Palwdus-P ia te  l : 7 - 9  ( i n cludes svnonvmy 
through 1 975 ) 

· ' 

Most of the ramiform (drepanodontiform ) e lements 
found lack the lateral costae that characterize dre
panodontiform e lements of P. subaequa/is , but the 
general out l ine i s  very s imi lar .  

The oistodontiform e lements are few . but  seem 
to agree more closely with those of typical P. subae
qualis than with those of P. delrifer, that is . there is 
a rather dist inct inner  l ateral  carina .  

There a re  a l so  co-oceurring prioniodontiform 
(acodontiform) e lements with a rather more flari n o  
base t han  i n  corresponding e lements o f  P. delti{CI� 
but not as wide a base as i n  those of A codus deltarus 
de/ratus . In addit ion to "normal" anterior .  posterior 
and lateral costae prioniodontiform e lements here 
referred to P. cf. subaequalis carrv short extra cos
tae on the anterio- lateral  and posierio- lateral fac�s 
of the base (F ig .  4 R) . Simi lar  costae i n  otherwise 
normal prioniodontiform elements of P. delrifer 
from the l ate Tremadocian of Västergötland 
(Sweeten ) ,  have also been observed bv the au

�
thor 

. 
l n the Trem adocian and earl iest Arenigian . Sf;e

ctes of Paltodus and A codus were obviouslv verv 
s imi lar ,  and as t here are som e unident ified e l�ment� 
of one or more A codus species present at the same 
leve! as P.  cf. subaequalis at Finngrunde t .  it  cannot 
be excluded that the prioniodontiform elements dis
cussed belong to A codus rather than to Paltodus . 
However ,  the presence of addit ional costae see m s 
to be more characterist ic of Paltodus than of A co
dus. Moreover ,  the predecessor of P. subaequalis 
had (s imi lar) prioniodontiform e lements , and i t  
seems reasonable to assume that at !east  ear ly rep
resentatives of P. subaequalis could also have had 
the same kind of e lements .  Typical populations of 
P.  subaequalis , on the other hand , seem to lack wei l  
defined prioniodontiform elements ( Lindström 
( 1 977)  and the author's own observations ) .  
Material. - 28 e lements . 

Scalpellodus cf. latus (van Wamel) 

Fig. 4 A Q - AS, AZ, AAA 

cf. 1 974 Proropanderodus /arus n .  sp. - van Wamel, p .  
9 1 .  PI . 4 : 1 - 3 
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cf. 1 978 Scalpellodus latus van WarneJ - Löfgre n .  pp. 
9 9 - 1 00 .  PI. 5 : 1 0 .  1 4 .  PI. 6 : 1 - 4 . 7 . 2 1  ( i n cludes 
synon ymy through 1 97 7 )  

Scalpellodus cf. latus was recovered from the Balto
n iodus triangularis and B. n avis Zones at Finngrun
det , and is the oldest representat ive of Scalpellodus 
known . The taxan is apparent ly  the predecessor of 
typical S. latus , l ike  those fi rst described by van 
WarneJ ( 1 974) from the P. originalis Zon e .  and re
covered from the P. originalis Zone to the middle 
part  of the E. ? varabilis -M.  flabellum Subzone in 
Jämtland ( Löfgren 1978 ) .  The morphological differ
ences between S.  cf. latus and S. !allts are s l ight . 
main ly discerned in the short-based drepanodonti
form element . In S.  cf. latus the anterior edge along 
the b ase stops wei l  above the aboral margi n ,  and 
the anterior margin of the base below this point i s  
s l ightly flaring .  There is  thus an ev ident  break in  
the otherwise smooth curve of the anterior margin .  
I n  S .  latus the ent i re anterior margin makes a 
smooth curve , and the anterior ed ge almost reaches 
the aboral margi n .  In long-based drepanodontiform 
elements of S. cf. latus the base i s  wider and shorter 
relative to the cusp than in  S.  latus . The scandodon
tiform element of S. cf. latus seems to be indist in
guishable from that of S.  latus . 

As S. cf. latus seems to be more restricted geog
raphical ly than S. latus , i t  seems reasonable to dis
tinguish between the two taxonomical l y ,  even if  S. 
cf. latus might be regarded on ly  as an early repre
sentative of S. latus . With the meagre material at 
hand , however ,  i t is  difficult to evaluate the varia
t ion within S. cf. latus , and thus open nomenciature 
has been employed . 
Material. - 20 e lements .  
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