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Abstract. Cambrian to Lower Ordovician acritarchs and Lower Ordovician conodont species have been
recorded from the Furuhill Section at Képingsklint on Oland, Sweden.

The acritarchs are represented by three different microfloras. The first is found at the base of the section
investigated and is characterized by the association of Cristallinium cambriense with Eliasum Haniscum, Ren-
sphaeridium dichamerum and R. howellii. This microflora has been recorded in strata previously referred to the
Paradoxides paradoxissimus trilobive Superzone.

The second microflora includes Timofeevia lancarae, T. pentagonalis and T. phosphoritica and it has been
found in layers dated to the Upper Cambrian Agnastus pisiformis trilobite Zone.

The third microflora comprises of several species among which Aremoricaninm ? grootaertit, Athaba-
scaella playfordii, Dasydiacrodium tremadocum, Stelliferidium furcatwm which are indicative of a Tremadocian
age. This association includes taxa which usually occur in different bioprovinces, thus it allows transprovincial
correlations. This microflora has been recorded in Lower Ordovician (Tremadocian) swrata of the Dictyonema
flabelliforme s.1. - Clonograpeus heres graptolite Zones.

The new species Adara denticulata (Middle Cambrian) and Cristallinium aciculatsm (Upper Cambrian)
are described,

The conodont species are referable to Tremadocian Paltodus deltifer Zone and Paroistodus proteus, Prio-
niodus elegans and Oepikodus evae conodont Zones of the Arenigian. The fauna is typical Baltic, but includes
elements of Tropodus comptus and Tropodus sweeri which otherwise are known from the midcontinent cono-
dont faunal province,

The composition of the multielement species Baltoniodus ? deltatus, B. crassulus, Oistodus aff. O. lanceola-
tus, Paltodus deltifer, P. peracutus and P, subaequalis is revised.

The sequence of Furuhill is characterized by several hiata, some of which can be related to eustatic sea
level lows. The most extensive hiatus is from the Upper Cambrian Leptoblasins wilobite Zone into the early
Tremadacian Dictyonema flabelliforme s.|. Zone. Barren interzones have been recorded at the base and at the
top of Hunnebergian Substage. The lower barren interzone corresponds to the Tremadocian - Arenigian stage
boundary or the Paltodus deliifer - Paroistodus protess zonal boundary. The upper barren interzone coincides
with Paroistodus proteus and Prioniodus elegans zonal boundary.
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Riassunto. Acritarchi del Cambriano e dell’Ordoviciano inferiore ¢ Conodonti dell’Ordoviciano inferio-
re sono stati ritrovati nella sezione di Furuhill, a K&pingskline (Oland, Svezia).

Gli Acritarchi sono rappresentati da tre diverse microflore. La prima & caratterizzata dalla associazione
di Cristallinium cambriense con Eliasum Uaniscnm, Retisphaeridium dichamerum e R. howellii ¢ proviene da un
livello che & stato da precedenti autori riferito al Cambriano medio (Superzona a Trilobiti Paradoxides parado-
XiSSEMSS).

La seconda comprende Timofeevia lancarae, T pentagonalis e T phosphoritica. Questa microflora & stata
raccolta in un livello che era gid stato datato al Cambriano superiore (Zona a Trilobiti Agnostus pisiformas),

La microflora pili recente comprende Aremoricanism ? grootaertsi, Athabascaells playfordss, Dasydiacro-
dism tremadocum, Stelliferidium furcatum ed altre specie del Tremadociano. Questa microflora ha carawere
composito, comprendendo taxa tipici di diverse bioprovince: essa assume quindi importanza per le correlazioni
transprovinciali. E stara trovata in livelli datati in precedenza all'intervallo compreso tra la Zona a Graproliti a
Drctyonema flabelliforme 5.1 ¢ la Zona a Clonograpias heres (Tremadociana),

Vengono descritte due specie nuove: Adava denticulata e Cristallinium aciculatum,

Le specie di Conodonti sono riferibili alle Zone a Paltodus deltifer e a Paroistodus proteus del Tremadocia-
no ed alle Zone a Prioniodus elegans ¢ a Oepikodus evae dell’Arenigiano. La fauna & tipicamente baltica ma inclu-
de elementi di Tropodus compius e di Tropodus sweets, che erano in precedenza conosciuti nella provincia fauni-
stica a Conodonti del "midcontinent” nordamericano,

Viene fatta una revisione della composizione degli apparati di Baltoniodus ? deltatus, B. crassulus, Oistodys
aff, O. lanceolatus, Paltodus deltifer, P. peracutus e P. subaequalis.

L'intera sequenza studiata & caratterizzata da numerosi hiatus, alcuni dei quali sono correlati a regressio-
ni eustatiche. Tl pili importante hiatus si estende dalla Zona a Trilobiti a Leptoblastus (Cambriano superiore) alla
Zona a Graproliti a Dictyorema flabelliforme s. |. (Tremadaciano inferiore). Interzone sterili sono state segnalate
alla base ed al tetto del sottopiano "Hunnebergiano": quella inferiore corrisponde al limite Tremadociano - Are-
nigiano (o al limite tra le Zone a Conodonti Paltedus deltsfer - Pavoistodus proteus); quella superiore coincide con
il limite zonale Pavorstodus proteus - Prioniodus elegans.

Introduction.

Oland is located in the Baltic Sea east of Sweden. It is a flat rocky area with abun-
dant exposures which are world renowned for their excellent fossils, The acritarchs and
conodonts described herein were collected in 1984 by the authors at Furuhill (Képin-
gsklint) berween Borgholm and Képingsvik (Fig. 1). Further studies on the Cambro -
Ordovician stratigraphy of Oland, based on both acritarchs and conodonts, are in pro-
gress by the authors of this paper.

Conodonts from the sequence at Képingsklint were described by van Wamel
(1974). The Lower Ordovician stratigraphy and lithology was recently revised by van
Wamel (1974) and his terminology is followed in this paper (Fig. 2). Van Wamel intro-
duced four new formations which in ascending order are: Djupvik Formation, K8pin-
gsklint Formation, Bruddesta Formation and Horns Udde Formation.

The Djupvik Formation was named by van Wamel (1974) for a sequence consi-
sting of heterogeneous lithologies characterized by a high content of terrigenous clastic
and carbonaceous material. The high content of pyrite and glauconite is also typical for
this formation in the northern part of Oland. The Djupvik Formation overlies the Mid-
dle Cambrian "Tessini sandstone” and ranges in age from Middle Cambrian to Lower
Ordovician. The Djupvik Formation is exposed only along the western shore of Oland.
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Fig.1 - Location of the Furuhll section (Oland, Sweden).

The Djupvik Formation replaces the older terms: "Paradoxides shale" (pro parre),
"Exporrecta conglomerate”, "Olenid shale”, "Obolus conglomerate”, "Dictyonema sha-
le", and "Ceratopyge shale" of Westergird (1922, 1947). Van Wamel (1974) recorded a
thickness of maximal 2.4 m in the northern region of the island, but equivalent strata
become thicker towards the South.

The fossil record in the type area includes trilobites, graptolites, and brachiopods.
The fossils from the lower part of the Djupvik Formation in the type area (Holm, 1882;
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Moberg & Segerberg, 1906; Westergard, 1922, 1947; van Wamel, 1974) suggest a Middle-
Upper Cambrian age whereas the upper part includes faunas of Tremadocian age. But its
lower limit is ambiguously defined: this question will be later discussed.

At Kdpingsklint, the base of the Djupvik Formation overlies the Middle Cam-
brian "Tessini sandstone” (Westergdrd, 1922; van Wamel, 1974). The middle part con-
tains Dictyonema species whereas the top includes Clonograptus heres and shelly fauna
elements which are referable to the "Shumardia Zone" (Moberg & Segerberg, 1906; Tjer-
nvik, 1956). The formation varies greatly in the lateral development of beds suggesting
several gaps or hiatus within this unit.

The K&pingsklint Formation (van Wamel, 1974) overlies the Djupvik Formation
and includes mainly glauconitic fossiliferous mudstones (sensu Dunham, 1962), glauconi-
te sands and recrystallized sparry limestones. The latter form characteristic horizons wi-
thin the formation. The Képingsklint Formation includes "Ceratopyge limestones" and
the lower "Planilimbata limestone". Biostratigraphically the formation contains Apato-
kephalus serratus, Megistaspis (E.) armata to M. (V.) planilimbata trilobite Zones of the
Hunnebergian Substage (Latorpian Stage) (Tjernvik, 1956; Tjernvik & Johansson, 1980).
The formation straddles the Tremadocian/Arenigian Series boundary (Tjernvik & Jo-
hansson, 1980).

The Képingsklint Formation underlies the Bruddesta Formation. The Bruddesta
Formation (van Wamel, 1974) is a relatively uniform unit throughout its distribution on
Oland. It includes fossiliferous mudstones and wackestones, and interbedded marls with
several discontinuity surfaces. Pyrite 1s common locally as minor nodules, and glauconi-
te is less frequent. The unit is highly fossiliferous and nautiloids are common together
with trilobites, echinoderms, and brachiopods,

The Bruddesta Formation comprises the upper "Planilimbata limestone" and the
lower part of "Limbata limestone". Within the unit a characteristic hardground or
"Blommiga Bladet" (the Flowery Sheet) is a local key horizon in the northern part of
Oland. The Bruddesta Formation includes the Megalaspides (M,) dalecarlicus and Megisia-
spis (V) estonica trilobite Zones of the Billingenian Substage (Latorpian Stage / Areni-
gian) in the lower half, whereas the upper part comprises Megistaspis (M.) lata trilobite
Zone of the Lanna-Volkhovian Stage (Tjernvik,1956; Tjernvik & Johansson, 1980).

Location and stratigraphy.

One section covering the top of the "Tessini sandstone” and the Djupvik, Kopin-
gsklint and lowermost part of the Bruddesta Formations was investigated at Kopin-
gsklint (Fig. 1, 2). This raised seacliff located near the locality of Képingsvik, between
Borgholm and Koping, is the type area for the Kpingsklint Formation (van Wamel,
1974).

The actual site of the section is to the South of the main road and about 1,300 m
South-west of the main cliff exposures of Képingsklint, or just beneath the property of
Furuhill campsite. The section has already been described by Regnéll (1942, pp. 172-
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173). This section does not diverge from the type section depicted by van Wamel (1974)
and the lithological units introduced by van Wamel are easily identified.
The investigated section comprises from the bottom to the top:

“Tessini sandstone”
- light green sandstone and shale layers (a few cm).

Djupvik Formation

. gray to light green grainstones and mudstones with calcite prisms and light green shales, irregularly cut by
a discontinuous conglomerate with caleite prisms (total thickness about 0.24 m);

. brown to gray grainstone with calcite prisms (0.15 m), followed by a discontinuous shaly layer, and by a
brownish, bituminous, calcareous sandstone (0.23 m). This latter level is rich in baryte crystals;
calcareous shale with small trilobites and brachiopods (0.04 m);
glauconitic sandstone (0.05 m);
dark green glauconitic, laminated sandstones interbedded with thin shaly laminae with small brachiopods
(0.81 m). Graded bedding occurs;
repeated, small sequences comprised of dark green glauconitic, laminated sandstone grading into silty shale
or caleareous shale (0.60 m) and of coarser glauconitic, laminated sandstone grading into silty sandstone
{0.26 m). Brachiopods are present on the surface of fine-grained layers.

Képingsklint Formation

- glauconitic sand with calcareous nodules (0.07 m);

- green violet glauconitic mudstone with brachiopods (2.29 m);

- glauconitic sand with calcite arranged in roserve-like structures (0.13 m);
green violet glauconitic mudstone with Archaeorthis christianae (0.14 m);
green glauconitic sandstone with calcareous nodules (0.25 m);
green violet glauconitic wackestone (0.15 m).

Bruddesta Formation
red wackestone, locally glauconitic with several discontinuity surfaces (0.40 m).

All samples, from 699 to 708, have been investigated both for acritarchs and cono-
donts. In the lower and middle part of the section, corresponding to the Djupvik For-
mation, three samples (699, 698 and 701) yielded rich acritarch associations, whereas co-
nodonts were recorded from the Kopingsklint and Bruddesta Formations. The presence
of acritarchs allows refined biostratigraphic correlation for the interval where cono-
donts are missing.

Sample 699 has been collected near the base of the section, in a light gray, calcare-
ous bed, just above the light green sandstones and shales which may be undoubtedly re-
ferred to the Middle Cambrian "Tessini sandstone”. The interval where sample 699 has
been collected corresponds to the lowermost member (Dj. d1) of the van Wamel’s Djup-
vik Formation (van Wamel, 1974, pp. 8-11, fig. 3 and 4). But, for both lithological and
paleontological reasons, we agree with most of previous authors (e.g. Holm, 1882; Mun-
the & Hedstrdm, 1904; Westergird, 1922, 1947) and we consider this interval as the top
of the Middle Cambrian "Tessini sandstone” (Fig. 2).

The section described here lies within private property and hence it is not accessi-
ble without permission from the owner.
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Fig. 2. The Furuhill section: lithastratigraphy.

The acritarch microflora

Materials and method; repository.

One hundred grams of each sample (sample 699 excepted: only 70 grams of rock
were available) were processed using a standard palynological method. After treatment
with HCl and HF and removal of the dissolved compounds, the residue was transferred
in absolute ethyl alcohol and sieved through two sieves having a mesh size of 50 wm and
10 pm respectively. The fine fraction passing through the 10 wm sieve was discarded.



Cambro-Ordovician acritarchs and conodonts from Oland 169

Neither oxidation or alkaline treatments were used. After concentration using zinc bro-
mide solution, the residue >10 pm <50 wm and the residue >50 wm were mounted se-
parately. The microfossils have not been coloured. All the illustrated specimens (inclu-
ding SEM preparations) are permanently mounted in polyester resin. The palynological
slides were deposited in the collections of Swedish Museum of Natural History (Depar-
tment of Palaeobotany). Preparations from different samples are given separate num-
bers, while preparations from the same sample are numbered consecutive following a
dash (e.g. $10501-1, $10501-2 are two slides from the same sample 510501).

Acritarch microfloras have been found in samples 699, 698, 701 and 702 from the
Djupvik Formation (Fig. 2). Samples 700 and 703 to 709 are barren; no chitinozoans we-
re found in any of the samples. A list of the identified species is reported in Tab. 1.

SPEM 699|698 | 701 | 702
SAMPLES

Acanthediacrodiun formosum Gorks L&
Acanthodiscrodius ubul Wartin KR
Acanchodiacrodium sp. RR

Adara denticulata Tonglorgl sp.nov. R

Aremoricanium? groctaertii Martin c RR
Athabascaella playferdil Martin R KR
Haltisphaeridium cf . B.uicrospinosun (Eimenack) ER
Crigtal linium aciculatum Tonglorgl sp.nov. { HRR

5]

Cristallinium cambrisnse {Slavikovi)

Cymatiogalea cuvillieri (Deunfr} RA
Daggdiacrodiom tremadocim (Gorka) o RR
Dasydiacrodium tumidum [Deuntt) ¢
Eliasum ef. £ 1laniscun Fonbella k

Leiafusa cf .L.giEplex [Combaz) ]
iw«iofusa sp. ER

Micrhystridium agg.

Multiplicisphaeridium martae Cromer & Diez C
Multiplicisphaeridius ap. A BR
Malciplicispharidium sp. B R
Betisphaeridium dichameruw Staplin,Jansoniua & Pocock RR

Betisphaeridiem howsellii Martin R

stelliferidiun cortimelum {Deunffr) A
Stelliferidioe furcatum [Dounff) o HR

seelliferidion glabrom (Hartinl

stelliferidium simplex (Deunl ) K
Seelliforidium stelligesust (Gdrin) BR
Tisofesvis Iancarae (Cramer & Diez) AR
Timofeovia pentagonalis (Vanguestainel HR

Timofcevia phosphoritica Vanguestaine

Acritarch Gen. et sp. indec. RA

Table 1- List and abundance of the acritarch taxa (RR = very rare; R = rare; C = common; CC = very com-
mon: ? = questionably present).
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All the specimens are transparent, yellow in colour and their preservation is good,
even though some specimens of sample 699 and 701 and most of specimens of sample
702 are deformed by pyritisation or show holes left by the pyrite crystals which were
removed during the sample preparation.

The residues of samples 698 and 701 contain a large amount of brownish saprope-
lic debris and are characterized by numerous fossil specimens but low diversity of spe-
cies. This is true, in particular, for the sample 698 where a single species (Timofeevia pho-
sphoritica Vanguestaine 1978) represents more than 95% of the observed specimens, Sam-
ple 699 contains a very small amount of organic matter: the acritarchs are estimated as
being no more than 3-4 per gram of rock and the assemblage is largely dominated by
two species (Cristallinium cambriense (Slavikova) Vanguestaine 1978 and Multiplicisphae-
ridium martae Cramer & Diez 1972). On the contrary, sample 702 is very rich in orga-
nic matter, but the acritarch content is very low and the preservation poor.

Evaluation of the acritarch assemblages.

Sample 699 is characterized by the association of Cristallinium cambriense (Slavi-
kovd) Vanguestaine 1978 and Eliasum cf. E. llaniscurn Fombella 1977 with Retisphaeri-
dium dichamerum Staplin, Jansonius & Pocock 1965, R. howellii Martin 1983 and Adara
denticulata Tonglorgi n. sp.

Cristallinium cambriense 1s known from the Middle Cambrian trilobite P. parado-
xissimus Superzone (i.e. from the basis of the Ptychagnostus gibbus Zone, after Downie,
1984; from the Paradoxides bicksi Zone at Random Island, Newfoundland, after Martin
in Martin & Dean, 1981, and Martin, 1984). Vanguestaine & Van Looy (1983) suggest a
possible older age (within the P. celandicus trilobite Superzone) for the appearance of
this species. Older datations (Jankauskas, 1976; Volkova et al., 1979) have later been mo-
dified (Jankauskas, 1980). The upper limit of the vertical range of C. cambriense reaches
the Tremadocian.

Eliasum llaniscum appears in the late Lower Cambrian but it disappears before the
base of the Upper Cambrian (at the top of the P. forchammeri trilobite Superzone - Lejo-
pyge laevigata Zone, according to Downie, 1984; within the latter Zone, according to
Vanguestaine & Van Looy, 1983; a little earlier, i.e. near the top of the P. paradoxissimus
trilobite Superzone, at Random Island, Newfoundland, according to Martin in Martin
& Dean, 1981 and Martin, 1984). A later disappearance of E. /laniscum is proposed by
Fombella (1978, 1979 and 1982) but it is not confirmed by macrofossils and is questiona-
ble (see Vanguestaine & Van Looy, 1983).

The presence of Retisphaeridium dichamerum and R. howellii does not contrast
with the indication provided by the above mentioned species, both being typically early
Middle Cambrian widespread taxa. More precisely, in the macrofossil-bearing sequences
of eastern Newfoundland (Martin & Dean, 1983,1984) R. dichamerum appears in the Lo-
wer Cambrian (Catadoxides Zone) and becomes abundant in Martin’s Microflora A0-1
(probably Paradoxides bennestii Zone); however, in the British Isles its latest occurrence
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seems to be Upper Cambrian, within the Parabolina spinulosa trilobite Zone, according
to Downie (1984). R. howellii has a similar stratigraphic range in Eastern Newfoun-
dland: it appears in the latest Lower Cambrian and it is rare until Martin’s Microflora
AO (Paradoxides hicksii Zone), However, we have poor information on the worldwide
diffusion of R. howellii because it has been frequently confused with R. dichamerum.

Finally, we may consider sample 699 as surely belonging to Middle Cambrian: the
maximum, possible stratigraphic interval we could assign this sample is comprised be-
tween the upper part of the P. oelandicus trilobite Superzone and the top of the L. laevi-
gata Zone. The occurrence of an Adara species (Adara denticulata Tongiorgi n. sp.) is
consistent with this age. In fact, only two species of this genus have been previously de-
scribed and both belong to Middle Cambrian: A. matutina Fombella 1977 has been re-
corded from the Middle Cambrian of Spain (Oville Formation); A. alea Martin 1981 is
known from the Manuels River Formation in Eastern Newfoundland, and has a narrow
vertical range which coincides with the Martin’s Microflora A1, The lower limit of the
Microflora A1 is located within the Paradoxides hicksii Zone, while its upper limit lies
between the P. hicksii and the P. davidis Zone.

Sample 698 is characterized by the association of Timoféeevia Vanguestaine 1978
and Cristallinium Vanguestaine 1978,

Timofeevia is represented by T. lancarae (Cramer & Diez) Vanguestaine 1978, T
phosphoritica Vanguestaine 1978 and T. pentagonalis (Vanguestaine) Vanguestaine 1978
indicating 2 Middle to Upper Cambrian age. The occurrence of T. pentagonalis and T.
lancarae suggests an interval between uppermost Middle Cambrian (Leiopyge laevigata
trilobite Zone) or lowermost Upper Cambrian (basis of the Agnastus pisiformis trilobite
Zone) and the middle part of the Upper Cambrian ie. the Parabolina spinulosa trilobite
Zone (see the acritarch zonations published by Martin, 1982; Vanguestaine & Van Looy,
1983; Downie, 1984).

The lack of Eliasum species and the presence of a probable Stelliferidium species
(P1. 28, fig. 8) could be indicative of the Upper Cambrian part of the given interval. The
presence of a Cristallinium species (Cristallinium aciculatum Tongiorgi n.sp.) similar to
the intermediate forms between C. cambriense and C. randomense Martin 1981 is consi-
stent with this age: Welsch (1986, p. 76) describes transitional forms between these spe-
cies from the lower part of the K4 Member of the Kistedal Formation (Finnmark, Nor-
thern Norway), i.e. from an interval approximately located between the Agnostus pisifor-
mis and the Olenus trilobite Zone (Welsch, 1986, fig. 8).

The acritarch association of sample 701 indicates a Tremadocian age. The most si-
gnificant species are Dasydiacrodium tremadocum (Gorka) Tongiorgi comb. nov., Aremo-
ricanium ? grootaertii Martin 1984, Athabascaella playfordii Martin 1984, Acanthodiacro-
dium formosum Goérka 1967, Stelliferidium furcatum (Deunff) Deunff, Goérka & Rau-
scher 1974 emend. Deunff, Gérka & Rauscher 1974. A. grootaertii and A. playfordii have
been previously found in Middle and Upper Tremadocian; D. tremadocum and A. formo-
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sum only in Upper Tremadocian,

The association of sample 701 is interesting because forms such as Acanthodiacro-
dinm formosum or Dasydiacrodium tremadocum, which are already known from the Bal-
tic-Russian Platform (located at middle to low latitude during the Lower Ordovician),
occur together with forms such as Cymatiogalea cuvillieri (Deunff) Deunff 1964, Stellife-
ridium glabrum (Martin) Tongiorgi comb. nov., emend. and §, Sfurcatum, typical of the
perigondwanian, high latitude, cold seas. An expansion of the distribution area of plan-
ktic organisms both oceanward and shoreward and the possibility of "inter-provincial”
mixed associations during transgressive, deglaciation phases is to be expected (see Er-
dtmann, 1986). Thus, the mixed association of sample 701 is consistent with a probable
Middle-Upper Tremadocian age, which corresponds to a time span characterized by a
warming trend.

Two characteristic species (A. ? grootaertii and A. playfordii) also clearly demon-
strate relations with the northern border of the Sino-Korean Platform and with the sou-
thern Canadian Rockies portion of the North American Platform and can provide a fur-
ther link for intercontinental correlations (see the paleogeographic reconstructions pro-
posed by previous authors, e.g. Erdtmann, 1982, 1986).

Sample 702 contains taxa recorded also in the sample 701 (Athabascaella playfordii,
Dasydiacrodium tremadocum etc.) and it likewise belongs to the same stratigraphic inter-
val.

Evaluation of the conodont fauna

Van Wamel (1974) introduced a detailed zonal system for the northern Oland re-
gion. Some of these zones probably overlap or represent local faunal successions within
a single zone. The faunal successions can be related to migrations of faunas as a response
to eustatic changes. A list of the conodont species is reported in Tab. 2.

Sample 703, from the lower part of the Képingsklint Formation, with Paltodus
deltifer (Lindstrdm), Paroistodus numarcuatus (Lindstrdm), and Drepanodus arcuatus Pan-
der, indicates the Drepanodus arcuatus Zone of van Wamel (1974). This zone is contai-
ned within the larger Upper Tremadocian Paltodus deltifer Zone of Lindstrém (1971).

Samples 704 and 705 were collected from the middle upper part of Kopingsklint
Formation,

Sample 704 contains Baltoniodus ? deltatus (Lindstrdm), Paroistodus proteus (Lin-
dstrém), Paltodus subaequalis Pander which indicate the Prioniodus deltatus and the Dre-
panoistodus inconstans Assemblage Zones of van Wamel (1974) and the Paroistodus pro-
teus Zone of Lindstrém (1971). It is worthwhile noting that Oelandodus elongatus (Lin-
dstrdm) and Oelandodus ? costatus van Wamel are already present. Few specimens of
Tropodus comptus (Branson & Mehl) and Tropodus sweeti (Serpagli), typical of midconti-
nent faunas D and E (Ethington & Clark, 1971), have also been recorded.
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e 703 | 704|705 | 708 | 707 | 708

SAMFPLES :

Paltodus peracutus [Lindstrom) 209

Paltodus daltifer (Lindetriia) an 10

Diaphanodus latus (van Wamel) El 5

“Opectodus” variabilis Lindstrim 25 4

FParcistodus numareustus | Lindetrba) 236 12

Flatform elementa (A and B) a

Drepancdus arcuatus Fander | o 118 a7 4l 29 2

Soolopodus? peselephantis Lindstrim i3 18 al 3 d &

Dropancistodus of . D. forceps (Lindstrial 132

Paracordyiedus gracilis Lindstriim 4

"Faltodus"? sweeti Serpagli 1

velandodes? costatus van Wame 32 10

Baltoniodus? deltatus [(Lindstrbn) 13 7

Paltodus suhaegualis Fander 113

Parvistoedus protevs (Lindstrim] 259 2%

Tropodus comptes [Brenson & Mehll 16

Gen. et Bp. indet. ] i

O=landodus elongatis {Lindstrim) 20 10
Periodon spp. 4 17 ) i1
Scandedus furnishi Lindstrin 27 2
Prioniodus elegans Pander 2 ] a
Scolopodus rex Lindstrds 3 2 T
Paroistodus parallelus {Pander) | BE a2 15
Drepanclstodus forceps (Lindatrdn) 26 3 10z 170
Cornuodus longibasis (Lindstrin] 1 4 ] b
protopanderadus rectus [Lindstriin) 13 7 18
Cepikodus evae |{Lindstrim} 18 68 10
stolodus stola [Lirdstrim) ag 33 12
facodus” gladiatus Lindstrdm 1
?Scalpeliodus £p. 3
cistodus aff,o, lanceclatus Pander L] 245
Fratopanderodus cf. P.gradatus Serpagli & 2
Baltoniodus crassules |Lindstedm) 65

Table 2- List and abundance of the conodont taxa.

In this sample some reworked conodonts are present and they are covered by a
red colour. The reworked specimens are Cordylodus spp., and two elements of Drepa-
noistodus deltifer pristinus (Viira) sensu Szaniawski, 1980.

In sample 705 there is the first appearance of Paroistodus parallelus (Pander), Cor-
nsodus longibasis (Lindstrdm), Scolopodus rex Lindstrom, and Drepanoistodus forceps (Lin-
dstrém). A few badly preserved specimens of Prioniodus elegans Pander are also present.
This sample is also characterized by many reworked specimens known from older strata
(Cordylodus angulatus, Drepanoistodus cf. D. forceps, Paltodus peracutus, Paltodus subaequa-
lis, and Paroistodus numarcuatus). Some long ranging species occur both as reworked and
not reworked (Scolopodus ? peselephantis, Drepanodus arcuatys). This assemblage suggests
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correlation with Prioniodus elegans Zone, which is usually missing in Balto-Scandic re-
gion (Lindstrdm, 1971; van Wamel, 1974).

Samples 706, 707, and 708 with Oepikodus evae (Lindstrbm), Drepanoistodus forceps
(Lindstrdm) and Stolodus stola (Lindstrém) correlate with the Oepikodus evae Zone of
Lindstrdm (1971), Prioniodus elegans is still present in samples 706 and 707. Qistodus aff.
O. lanceolatus Pander appears in sample 707 and Baltoniodus crassulus (Lindstrdm) in
sample 708.

Sample 706, from the upper part of the Képingsklint Formation, can be correlated
with the Protopanderodus rectus / Oepikodus evae Assemblage Zone of van Wamel (1974),
sample 707 with the Oistodus lanceolatus Assemblage Zone, and sample 708 with the
Prioniodus crassulus Assemblage Zone of the same author.

Correlation with trilobite zones

According to the stratigraphical investigations of previous authors (such Holm,
1882; Munthe & Hedstrom, 1904; Westergird, 1922, 1947) the interval where the acri-
tarch bearing sample 699 was collected belongs to the "Tessini sandstone" and thus,
should be referred to the Middle Cambrian Paradoxides paradoxissimus trilobite Superzo-
ne (Fig. 3). The P. forchammeri Superzone is apparently missing owing to the presence
of a hiatus at the top of the "Tessini sandstone”.

From the sea-cliff South-west of Djupvik (12-17 km North of the Furuhill sec-
tion) and between Borgholm and Koping Westergard (1922) listed trilobites from the
Dj.42 and Dy.g3 Members of van Wamel’s Djupvik Formation indicating the presence of
the Upper Cambrian Agnostus pisiformis trilobite Zone within the interval with sample
698. Toward the South, this stratigraphical sequence becomes more complete. South of
Borgholm trilobites have been recorded indicating the presence of the Upper Cambrian
Agnostus pisiformis, Olenus and perhaps Parabolina spinulosa trilobite Zones (Tullberg,
1882; Westergdrd, 1922). Farther away, on Southern Qland, Westergird (1947) also reco-
gnized other trilobite Zones until the base of the Acerocare trilobite Zone (Parabolina he-
res Subzone). Finally, we assume that sample 698 has been collected within an interval
probably corresponding to the Upper Cambrian Agnostus pisiformis trilobite Zone and,
in any case, no more recent than the Parabolina spinulosa trilobite Zone.

The acritarch bearing samples 701 and 702 were collected from the Tremadocian
Shumardia Zone of Moberg 8 Segerberg (1906); in terms of graptolites, this corresponds
with Clonograptus heres Zone. Apatokephalus serratus Zone with Euloma ornatum fol-
lows. It covers sample 703 of this study and corresponds with Paltodus deltifer conodont
Zone of Lindstrém (1971).

Precise correlation with trilobite zones for the succeeding samples is less obvious
in this section. Tjernvik (1956) only did a reconnaissance investigation at Kopingsklint
but indicated that Megistaspis (Ekeraspis) armata, Megistaspis (Varvaspis) planilimbata, Me-
galaspides (Megalaspides) dalecarlicus and M. (Varvaspis) estonica Zones occurred.
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Fig. 3 - The Furuhgll section: biostratigraphical correlations. References: 1) Lindstrém, 1971; 2) van Wamel,
1974: 3) Holm, 1882; Munthe & Hedstriim, 1904; Westergdrd, 1922, 1947; 4) Moberg & Segerberg,
1906; Tjernvik & Johansson, 1980,

The presence of M. armata Zone, however, is uncertain and apparently is located
above sample 703 and below sample 704. M. planilimbata Zone covers sample 704, but
the index species was marked at the bed where sample 705 has been collected. As noted
above, sample 705 correlates with Prioniodus elegans conodont Zone. ngples 706 and
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707 are taken from an interval where Tjernvik (1956) did not indicate occurrence of tri-
lobites. Regnéll (1942), however, noted that the trilobite fauna from this interval was
transitional in aspect. Samples 706 and 707 initiate the lower Oepikodus evae Zone of
Lindstrém (1971).

M, dalecarlicus has been positively recorded from a horizon (Tjernvik, 1956) that
corresponds with sample 708. This same level coincides closely with the level where
Baltoniodus crassulus becomes common in lower Oepikodus evae Zone of Lindstrém
(1971). M. estonica trilobite Zone is located above the topmost bed exposed at the Furu-
hill Section.

Lofgren (1985) recorded conodonts from Finngrundet drillcore, North of Oland,
where Tjernvik & Johansson (1980) established the trilobite zonation, At Finngrundet
M. armata Zone is characterized by a conodont assemblage comprising the species Palto-
dus deltifer and Paroistodus proteus. This species association occurs below the entrance of
Paltodus subaequalis and Baltoniodus ? deltatus and has not been recorded by us or by van
Wamel (1974) from Kopingsklint. Probably it corresponds with the barren strata at the
base of Kxa Member in the Furuhill Section.

The M. planilimbata Zone in Finngrundet is characterized by a conodont associa-
tion identical to that recorded from sample 704 and correlation is obvious. This means
that the extent of M. armata Zone in the section at Képingsklint as indicated by Tjer-
nvik (1956) and followed by van Wamel (1974) cannot be confirmed.

Megistaspis planilimbata Zone also comprises sample 705. As a result, Prioniodus
elegans conodont Zone initiates within the M. planilimbata trilobite Zone. In Finngrun-
det, however, Lofgren (1985) did not positively recognize P. elegans Zone above P. pro-
teus Zone and probably it is missing there. Similar to the Furuhill Section, the trilobite
fauna is a transitional one between the top of Megistaspis planilimbata Zone and M. dale-
carlicus Zone. Tjernvik & Johansson (1980) labelled the interval "Transition beds" and it
is characterized by Megistaspis (V) aff. estonica. As Oepikodus evae appears within the
"Transition Beds" at Finngrundet (L&fgren, 1985) it is likely that samples 706 and proba-
bly 707 correspond with M. aff. estonica "Zone", In this way, M. aff. estonica "Zone" lar-
gely cover Kx3s Member of the Képingsklint Formation.

The conodont fauna from sample 708 is identical with that of M. dalecarlicus in
Finngrunder (Lofgren, 1985), except that Lofgren did not record or commented upon
the appearance of Baltoniodus crassulus.

The correlation between trilobite zones and conodont zones is shown in Fig, 3
where also correlation with the Scandinavian graptolite zones (Moberg & Segerberg,
1906; Tjernvik & Johansson, 1980; Bergstrdm, 1986) is indicated.

Hiatus and barren intervals in the Furuhill Section and their significance

The Furuhill Section at K&pingsklint is condensed indeed. The approximately 3.6
m of strata comprise Middle and Upper Cambrian into Lower Ordovician and span
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three important boundaries. Each of them is marked either by faunal hiatus or barren
interval which relates with eustatic lows,

1 Cambro-Ordovician hiatuses.

At the Cambro-Ordovician transition an extensive hiatus is known to cover the
Upper Cambrian Leptoaplastus, Peltura and Acerocare trilobite Zones and several subzo-
nes of Dictyonema flabelliforme graptolite Zone in the Lower Ordovician (Westergird,
1947). Dictyonema flabelliforme norvegicum is the first graprolite subspecies recorded at
Furuhill and it appears above the Obolus conglomerate (Tjernvik, 1956).

This extensive hiatus was formed during at least two eustatic lows. One is at the
Acerocare Zone of the top of Cambrian and another at Clonograptus tenellus Zone in the
Lower Tremadocian (Erdtmann, 1986). The very different age suggested by the acritarch
assemblages found in Dj43 Member (sample 698: earlier Upper Cambrian) and Dy
Member (sample 701: Upper Tremadocian) of the Djupvik Formation is consistent with
the existence of this hiatus.

2 Tremadocian-Hunnebergian Barren Interzone.

The Megistaspis armata Zone initiates the Hunnebergian Substage of the Latorpian
Stage in the Balto-Scandic region (Tjernvik, 1956). The zone has not been recognized at
Furuhill where a barren interval is noted. This Barren Interzone is marked by the recry-
stallized calcite rosettes at the base of Ky Member of the Képingsklint Formation.

The Barren Interzone is a response to a worldwide eustatic low that straddles the
Tremadocian-Arenigian Series boundary (based on the first appearance of Tetragrapeus
approximatus) (Tjernvik & Johansson, 1980; Erdtmann, 1986).

3 Hunnebergian-Billingenian Barren Interzone.

The base of Billingenian Substage was first placed at M. dalecarlicus Zone, but later
Tjernvik & Johansson (1980) included the "Transition Beds" with M. aff. estonica in Bil-
lingenian. The same authors stressed that M. planilimbata was restricted to Hunneber-
gian Substage. Lindstrém (1971) found that base of Billingenian coincided with the ap-
pearance of Prioniodus elegans which however usually is missing in the Balto-Scandic
platform sequence.

As described earlier Prioniodus elegans Zone is recognized within the range of M.
planilimbata in the Furuhill Section where it is very thin indeed (only sample 705 can
be referred to this zone). It has been recorded just above the barren, regressive, conglo-
meratic and glauconitic sand (sample 709) and within the glauconitic and conglomeratic
wackestone bed at the very top of Ki2 Member.

From the above and based on the data from Furuhill Section P. elegans appears
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first within the very top of Hunnebergian Substage and ranges into Billingenian Substa-
ge. There it occurs together with Oepikodus evae in the "Transition Beds". Elsewhere
and outside the Balto-Scandic region the two taxa are commonly recorded together.

Weather the "regressive” P. elegans marks the top of Hunnebergian Substage or
not or the very base of Billingenian Substage (Lindstrém, 1971) is still in question. The
"transgressive" Oepikodus evae appears to be a better choice as a marker for basal Billin-
genian. Not only based on faunal evidence but also in a "practical sense”, i.e. for interna-
tional correlation,

Here the original definition of Hunnebergian Substage (1.e. that M. planilimbata is
restricted to Hunnebergian Substage) is followed and consequently P. elegans Zone is in-
cluded in that substage. In this way the common occurrence of P, elegans and O. evae de-
fines the base of Billingenian in the Furuhill Section.

Systematic paleontology
Acritarchs (M. Tongiorgi)

List of acritarch taxa.

The identified acritarch taxa will be described in alphabetical order. They are li-
sted in Table 1 in the same order and their stratigraphic occurrence and abundance in
the studied section are indicated. The frequency of the identified taxa in each sample
will be indicated using the following convention: very rare (RR) = 1-10 identified speci-
mens; rare (R) = 11-20 identified specimens; common (C) = 21-100 specimens; very
commen (CC) = more than 100 specimens.

Four taxa (Baltisphaeridium cf. B. microspinosum (Eisenack) Downie 1959, Stellife-
ridium cortinulum (Deunff) Deunff, Gérka & Rauscher 1974 emend. Deunff, Gorka &
Rauscher 1974, Stelliferidium stelligerum (Gorka) Deuntf, Gérka & Rauscher 1974 and
Acritarch gen. et sp. nov. indet.) are illustrated but not described here. The Micrbystri-
dium species of sample 699 are neither described nor illustrated. A single specimen of a
possible Stelliferidium was observed in a SEM preparation from sample 698, Because of
the uncertain identification, this specimen is illustrated (PL 28, fig. 8) but neither descri-
bed nor included in the list of taxa.

Systematic description.

Genus Acanthodiacrodium Timofeev 1958 emend. Deflandre & Deflandre-Rigaud 1962

Type species: Acanthodiacrodium dentferum Timofeev 1958 (fixed by monotypy).
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Remarks. Three genera are here in question: Acanthodiacrodium Timofeev 1958,
Priscotheca Deunff 1961 and Actinotodissus Loeblich & Tappan 1978.

The whole taxonomy of the diacrodians is confused owing to the great number of
invalidly published or badly described genera. The review of Deflandre & Deflandre-Ri-
gaud (1962) cannot be considered exhaustive because in some cases the nomenclatural
rules are not taken sufficiently into account and the genus Priscotheca Deunff 1961 is cri-
ticized but neither validated nor rejected. Loeblich & Tappan (1978) add further confu-
sion to this intricated question because in their review the problems of priority are not
satisfactorily examined and the new genus Actinotodissus Loeblich & Tappan 1978 is ar-
bitrarily introduced in consequence of a merely informal, restrictive emendation of the
genus Acanthodiacrodium Timofeev 1958; furthermore, the genus Priscotheca Deunff
1961 is still conserved without discussion or comparison with the other conserved gene-
ra.

The type species (A. dentiferum Timofeev 1958) of the genus Acanthodiacrodium
Timofeev 1958 (p. 831) is fixed by monotypy (ICBN art. 7.15 and 7.16) but it is based on
largely incomplete (half specimen) holotype. Nevertheless, the photograph of the holo-
type (pl. 3, fig. 2) is accompanied by a drawing (pl. 1, fig. 2) showing a reconstruction of
the whole specimen. Thus, the species may be considered validly published under the
ICBN art. 38 (Illustration or figure showing the distinctive morphological features).

The taxonomic significance of Acanthodiacrodium is not quite clear. As observed
by Loeblich & Tappan (1978, p. 1238), the type species of Acanthodiacrodium is very si-
milar to the type species of Lophodiacrodium Timofeev 1958 and the possibility to prove
them to be cogeneric cannot be excluded. But the holotype of Acanthodiacrodium is not
available and a revision based on material from the type locality will probably come up
against insourmontable difficulties (Burmann, 1969, p. 298; Loeblich & Tappan, 1978, p.
1237). Nevertheless, the Timofeev’s idea of Acanthodiacrodium clearly stands out from
the comparison of the numerous Acanthodiacrodium species described by this latter au-
thor (see e.g. Timofeev, 1959). All the described species are homopolar. In accordance
with the letter of the original diagnosis (Timofeev, 1958, p. 831), most of Timofeev’s
Acanthodiacrodium species bear (short) spines at the opposite poles (e.g. A. partiale Ti-
mofeev 1959, p. 78, pl. 6, fig. 46); but some species are characterized by longer (possibly
hollow), conical processes (e.g. A. petrovi Timofeev 1959, p. 77, pl. 6, fig. 43). The type
species of Acanthodiacrodium has not been appropriately chosen because it is not fully
representative of the genus, but it cannot be changed under the rules. The emendation
of Deflandre & Deflandre-Rigaud (1962, p. 194) represents up to now the better attempt
to arrange this intricate question, taking into account the Timofeev’s aim as it results
from the whole list of the Timofeev's Acanthodiacrodium species. Thus, and for want of
a better, definitive solution (i.e. the revision of the Timofeev’s collection), the emenda-
tion of the genus Acanthodiacrodium proposed by Deflandre & Deflandre-Rigaud is ac-
cepted herein,

The second genus in question is Priscotheca Deunff 1961. The original diagnosis
and discussion (Deunff, 1961, pp. 42-43) are ambiguous: a confusion has been surely ma-
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de berween the diagnostic characters of the genus and the ones of the type species (Pri-
scotheca raia Deuntf 1961). Furthermore, the process number at the opposite poles is not
specified, even if Deunff recorded altogether 7-15 processes and consequently a different
process number at the opposite poles should be admitted in some cases. The minimum
process length provided by Deunff (7 pm) compared with the maximum vesicle length
(160 wm) may legitimate the use of the term "spines" to indicate these conical processes.
If this opinion is accepted, Priscotheca Deunff 1961 should be considered a partial junior
synonym of Acanthodiacrodium Timofeev 1958 because of the (partial) coincidence of
definitions (see e.g. the homopolar P. complanata Deunff 1961, p. 43, pl. 3, fig, 7, tran-
sterred into the genus Acanthodiacrodium Timofeev by Martin, 1977, p. 19) and to be re-
jected under the ICBN art. 11.2.

The third genus to be discussed is Actinotodissus Loeblich & Tappan 1978. Accor-
ding to these latter authors, Actinotodissus should differ from Acanthodiacrodium Timo-
feev in having long, hollow processes instead of the short, solid processes which Loe-
blich & Tappan (1978, pp. 1236-1238) suppose to be characteristic of the genus Acantho-
diacrodium. But neither the original Timofeev’s diagnosis of Acanthodiacrodium (1958,
p. 831) nor the emended diagnosis proposed by Deflandre & Deflandre- Rigaud (1962, p.
194) specify whether the processes of Acanthodiacrodium are hollow or not and Loeblich
& Tappan do not formally propose a new restricted definition of the genus Acanthodia-
crodium. Furthermore, neither the diagnosis nor the description of Actinotodissus provi-
ded by Loeblich & Tappan specifies the relative length of the processes.

Thus, Actinotodissus Loeblich & Tappan 1978 should be considered at least a par-
tial junior taxonomic synonym of Acanthodiacrodium Timofeev 1958 or of Acanthodia-
crodium Timofeev, emend. Deflandre & Deflandre-Rigaud 1962 (if this latter emenda-
tion 1s accepted) and should be rejected under the priority rules (ICBN art. 11.2).

In the paper of Loeblich & Tappan, the confusion is considerably increased by the
use of the genus Priscotheca Deunff 1961 without any discussion or comparison with
Acanthodiacrodium or with Actinotodissus. This is really astonishing because the letter of
the diagnosis of Actinotodissus Loeblich & Tappan 1978 largely corresponds to the defi-
nition of Priscotheca Deunff 1961:

Priscotheca Actinotodissws
vesicle shape: in the form of an elongated from elongate-subovate to nearly
small cushion equal in length and breadth, com-
monly polygenal in outline
Processes arise from each extremity of similar processes present on
this "pseudo-ootheca" opposite poles
process shape elongated, hollow simple, conical, hollow

Finally, it is proposed here to reject both the genus Priscotheca Deunff 1961 and
Actinotodissus Loeblich & Tappan 1978 against the previous validly published genus
Acanthodiacrodium Timofeev 1958 emend. Deflandre & Deflandre- Rigaud 1962,
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As regards the question of the internal structure of the processes, most of species
described here have spine-like processes which appear to be solid in the distal part, whi-
le the slightly expanded bases are excavated and freely communicating with the vesicle
cavity. Thus, the thin, distal terminations of these spine-like processes are considered
here to have a virtual internal cavity.

Acanthodiacrodium formosum Gérka 1967
Pl. 30, fig. 19

1967 Acanthodiacrodium formosum Gorka, pp. 5-6, pl. 2, fig. 8, 9.
1969 Acanthodiacrodium formosum - Gorka, pp. 70-71, pl. 17, fig. 7, 8; pl. 18, fig, 7; text-fig. 31,

Description. Elliptical to subrectangular vesicle with more or less rounded poles,
ornamented with spines or horns. Equatorial zone quite narrow, reaching 1/3 - 1/4 of
the whole vesicle length. Processes homomorphic, conical, in form of spines or horns
(usually 24 on each cap), with slightly expanded bases and acuminated, often wavy, ter-
minations. Bifidous processes rarely occur. Basal part of the processes hollow and freely
communicating with the vesicle cavity, distal part apparently solid.

Vesicle wall rather thick and very finely granulated. Processes gently ornamented
by small spines.

Excystment structure in the form of a longitudinal split confined to the equatorial
zone.

Dimensions (33 specimens): Vesicle length 38.4-55.5 |um (average 48.6); vesicle width 29.3-42.7 pum
(average 36.8); equatorial zone 12,2%-30.6% (average 19%) of the vesicle length; process length 4.2-16.5 um
(average 10.4).

Remarks. The Oland specimens conform to the original diagnosis but are larger
than the specimens depicted by Gérka (1967, 1969), which are presumably contracted
due to the state of preservation. The sharp median constriction shown in some figures
by Gérka (1969, pl. 18, fig. 7) is presumably due to the fact that the polar caps are folded
one on the top of the other. In most of specimens from Oland, the polar caps are only
slightly more expanded than the equatorial zone.

Under the optical microscope the surface of the Oland specimens has a smooth
appearance and the processes show a fine ornamentation which covers at least their di-
stal part. SEM observation reveals that the vesicle is ornamented with very small grana
and the processes are covered by microspines (PL. 30, fig. 3,7, 8).

In optical view, the distal part of the processes appears to be solid, but it is diffi-
cult to decide whether they are really solid or only appear to be so owing to the extre-
me thinness of the process termination. Taking into account that in the larger processes
the internal cavity extends a little beyond the base through the process steam, it is assu-
med here that also the thin, distal part of the processes may have an, at least virtual, in-
ternal cavity. '
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Distribution. Upper Tremadocian: Poland (Gérka, 1967, 1969); Great Britain,
Shropshire (Rasul & Downie, 1974); USSR, Moskovian Sineclyse (Aristova, 1980).

Occurrence and abundance. Sample 701, common.

Acanthodiacrodium ubui Martin 1978
Pl. 30, fig. 11

1969 Acanthodiacrodinm ubwi Martin, pp. 127-128, pl, 1, fig. 51; text-fig. 81.

1970 Acanthodiacrodinm wbui - Lister (1970b), pl. 5, fig. 1-11; text-fig. 1 a-h, 2 a,b, 3 a-f.
1971 Acanthodiacrodium ubui - Rauscher, p. 293, pl. 1, fig, 20,

1977 Acanthodiacvodium wbui - Martin, p. 22, pl. 2, fig. 6, 10, 21; pl. 3, fig. 2, 3, 9.
1979 Acanthodiacrodinm invicium Rasul, pp. 65-66, pl. 2, fig. 6.

1981 Acantbodiacrodium sbwi - Martin in Martin & Dean, pp. 13-14, pl. 4, fig, 2,4,
1986 Acanthodiacrodium ubwi - Welsch, pp. 70-71, pl. 9, fig. 5-7.

Dimensions (1 specimen): Vesicle length 55 pum, width 40 jum; process length 5-10 pum; process num-
ber 26 at each pole (extimated only at one pole).

Remarks. The single specimen observed under the SEM corresponds exactly to
the description provided by Martin (1981) for Acanthodiacrodium ubui although its di-
mensions are slightly larger, The processes are covered by strong hairs or spines; the
equatorial zone is ornamented with fine, longitudinal wrinkles.

According to Martin (personal communication), the processes of A. ubui are hol-
low and freely communicating with the vesicle internal cavity.

Distribution. Uppermost Upper Cambrian to Tremadocian: Eastern Newfoun-
dland, Random Island (Martin in Martin & Dean, 1981). Lower Tremadocian: Belgium,
Massif du Brabant (Martin, 1969, 1977; Vanguestaine, 1978b); Northern Norway, Fin-
nmark (Welsch, 1986). Lower to Middle Tremadocian: Great Britain, Shropshire (Rasul
& Downie, 1974; Rasul, 1979). Tremadocian: France, Montagne Noire (Rauscher, 1971;
Martin, 1973); Great Britain, Shropshire (Lister, 1970b). Tremadocian (cf. #bu1): France,
Montagne Noire (Rauscher, 1974); France, Massif de Mouthoumer (Baudelot & Bessiére,
1975, 1977); Algeria, Petite Kabylie (Baudelot, Bouillin & Coiffait, 1981); NE Spain,
Celtiberia (Wolf, 1980). Middle to Upper Tremadocian (cf. ubui): France, Monts de La-
caune (Fournier-Vinas & Donnot, 1977). Uppermost Tremadocian (cf. wbui): Great Bri-
tain, Isle of Man, Tremadocian to ?Lower Arenigian: British Isles (Downie, 1984). Devo-
nian (reworked): Great Britain, Oxfordshire (Richardson & Rasul, 1978).

Occurrence and abundance. Sample 701, very rare.
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pole ornamented with less than 20, short, conical processes in the form of spines with
less expanded bases. Process distal part granulated. Vesicle wall very thin, ornamented
with scattered grana.

Dimensions (2 specimens): Vesicle length 30.6-34.8 mm; vesicle width 29.4-31.2 mm; equatorial zone
4.2-6 mm; process length 3-9 mm.

Remarks. The processes seem to be hollow at least in their basal part, resembling
the ones of A. formosum Gorka 1967. But this form differs from A. formosum in having
a thinner vesicle wall, shorter, subsquare shape and less numerous processes, which are
proportionally shorter and with narrower bases.

It looks similar in shape to Diornatosphaera ignorata Deunff 1961 (Tremadocian
beds of the Algerian Sahara) but this latter species has smaller dimensions (Deunff, 1961,
p. 44). D. ignorata was later transferred into the genus Acanthodiacrodinm by Martin
(1969, p. 122). According to Martin, A. ignoratum (Deuntf) Martin 1969 (from the Ordo-
vician of Belgium) is characterized by the presence of longitudinal ribs, while the speci-
mens described here have a smooth equatorial zone.

Occurrerce and abundance. Sample 701, very rare.

Genus Adara Fombella 1977 emend. Martin 1981

Type species: Adara matutina Fombella 1977 (by original designation).

Adara denticulata Tongiorgi sp. nov.
PL. 25, fig. 1-5; Pl. 26, fig. 6,7

Derivatio nominis. Denticulatus, Lat.= denticulated.

Type locality. Kopingsklint (Furuhill section), Oland (Sweden).

Type stratum. Top of the "Tessini sandstone” (= base of the Djupvik Formation of van Wamel, 1974),
Middle Cambrian, sample 699.

Haolotype. Slide Oland 699/1; England Finder graticule coordinate X51/3. P1. 25, fig. 1.

Repository of the holotype. 510501-1.

Diagnosis. Vesicle spherical, bearing about twenty to forty broad and short, stum-
py, more or less conical to tongue-shaped and flartened processes. Processes randomly
distributed, hollow and largely open into the internal vesicle cavity. Distal process ends
rounded to truncated and roughly tongue-shaped. Vesicle wall very thin, transparent,
smooth to irregularly costate. Process bases ornamented by a net of irregular and varia-
bly developed, radiating ridges which rise up to the process tips. Process tips echinate to
finely denticulate. A membrane is streiched between some adjacent processes. Excy-
stment not observed.

Description. (Based on 28 specimens). The holorype bears about 30-40 processes
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(about 12 processes crossing the outline). They are quite variable in shape and length
and no clear separation exists between the process bases and the vesicle wall. Further-
more, most of processes are not clearly separated one from the other but are linked by a
membrane to form elongated, irregular crests.

The other observed specimens show a high variability in the shape and number of
the processes. In fact, the processes vary in number from twenty up to about forty; they
may be almost conical or distally more or less enlarged and flattened to tongue shaped.
The process shape varies also in the same specimen. But the conical appearance of some
processes is probably accentuated by wrinkling. Also the membranes between adjacent
processes are very variably developed; in few specimens most of processes are not linked
one to another.

Dimenslons. Holotype: central body size 28.1x25 pm; process length about 4 um. Variation range (6
specimens): Vesicle diameter about 20 to 30 Wm; processes approximately 4-6 pm long and about 47 pm wi-
de (at their base).

Remarks. The very thin vesicle is quite transparent in optical view and its features
are mostly difficult to distinguish under the optical microscope. Nevertheless, the best
preserved specimen in optical view has been chosen as the holotype and no isotypes ha-
ve been designated, because the delicate features of the specimens we have observed un-
der the SEM are not any more recognizable after permanent mounting on optical micro-
scope slides.

Adara alea Martin 1981 (Eastern Newfoundland, Random Island, Middle Cam-
brian) has more numerous (40-60 rather than 20-40) and smaller processes. Further, the
processes of A. alea have a more evident conical shape, are less ornamented and the ra-
diating striae do not rise up to their tips. Adara matutina Fombella 1977 (Spain, Provin-
cia de Léon, Middle Cambrian) has very little processes and no wall and process orna-
mentation.

Occurrence and abundance. Sample 699, rare.

Genus Aremoricanium Deunff, 1955

Type species: Aremoricanium rigaudae Deunff 1955 (by original designation).

Remarks. The morphology of Aremoricanium Deunff 1955 (1955b) is problematic.
Divergent opinions still persist about the presence of one or two distinct layers forming
the membrane of the central body. Martin (1984, p. 444) discussed this problem and pro-
posed that the presence of an internal layer may also depend on the state of maturation
of the microorganism, in addition to the state of preservation.
































































































































































































