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Introduction. 

When Holtedahl (Holtedahl and Schetelig 1923) studied the 
Ordovician section of Hadeland, he was struck by the marked differ
ence in the development of the Middle and Upper Ordovician series 
in the SE and NW parts of the district. This important stratigraphical 
fea ture was emphasized also by Kiær ( 1926) in a paper describing 

the Upper Chasmops Series of the NW part of Hadeland. Recent field 
research (Størmer 1943 b) has shown that the NW· (Mjøsa) devel

opment is also found further E thus comprising the northem part of 

Hadeland southwards to a W-E line, largely corresponding to the 

border between the parishes Gran and Lunner. South of this line the 

southern (Oslo) development occurs, apparently without a gradual 

transition between the two facies on either side of the line. Because 

of the sudden change in the facies, I have been inclined to interpret 

the peculiar stratigraphical conditions as due to a horizontal displace

ment of the sediments N of the line, a displacement forming a Cale

donian nappe-structure, comparable with the tectonic features demon

strated by Swedish geologists in jamtland. Traces of geological 
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disturbances of this kind have, however, not been noticed in the few 

and less complete exposures along the line mentioned. 
To solve the stratigraphical and tectonic problems involved, it 

will be necessary to carry out a detailed palæontological and strati

graphical study of the ,sediments concerned. I have planned, it is 
to be hoped in collaboration with other palæontologists, later on to 

describe the extensive Middle Ordovician Chasmops Series both ai 

Hadeland and in other districts of the Oslo Region. 

The scope of the present paper has been to elucidate the Tretaspis 

Series overlying the Upper Chasmops Limestone or the Sphæronid 

Limestone of Hadeland. These series have proved to be very differ

ently developed in the southern and northern sequences. The field 

researches, which were chiefly made possible through grants from 
Statens Forskningsfond, were carried out in 19 35, 1941 -1944. I wish 

to express my sincere thanks to Cand. mag. J. Dons, G. Henningsmoen, 

and H. Major for valuable assistance during the excursions in the field. 

I am particularly indepted to Mr. Dons who has discovered several 
new localities furnishing a major part of the fossil material described 
below. 

Professor Holtedahl has kindly permitted me to use his previous 
notes regarding the Upper Ordovician sections, particularly along the 
railroad from Roa to Lunner. 

In preparing the illustrations of the present paper I have had 
valuable assistance by Miss Bergliot Mauritz and Miss Lily Monsen. 

Previous Knowledge of the Stratigraphy. 

Our knowledge of the Ordovician stratigraphy of Hadeland is 
chiefly due to an account given by Holtedahl (Holtedahl and Sohete
lig 1923) in his description of the map sheet Gran. His studies on 
the Middle and Upper Ordovician Series were mainly concentrated on 
the northwestern and southeastern parts of the area. Holtedahl points 
out that the Trinucleus (Tretaspis)- and Isotelus-zones,

. 
so charac

teristic of the Oslo section, are not known from the western part of 
Hadeland. While the southeastern section (Lunner) largely corre
sponds to the Oslo section, the section demonstrated in the loca,Jities 
of the northwestern area approaches the Mjøsa section in having the 
upper part of the Middle Ordovician developed as Cyclocrinus beds 
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with an overlying thick limestone with calcareous algæ and cystids 
(possibly equivalent to the Mjøsa Limestone). 

The mentioned thick, nodu,lar limestone with algæ and cystids 
was subject to a special study by Kiær (l 926) . On account of the 
abundant occurrence of the cystid Haplosphæronis the zone was called 
the Sphæronid Limestone. Judging from the general character of its 
fauna, Kiær was inclined to correlate the Sphæronid Limestone with 
the Upper Chasmops Limestone ( 4 bo) of the Oslo-Lunner section. 
At Tønnemd ( 11 km NW of Lunner) 3 subzones may be disting
uished in the limestone exposed along the shore of the Randsfjord. 
Kiær separates: l. Limestone with Dasyporella (16-17 m), 2. 
Sha.le with Haplosphæronis and Leptæna minuta (ca. 7 m), and 3. 
Limestone with Haplosphæronis kiæri norvegica (ca. 25m) . Some 
Jocal variation s.eems, however, to occur; at a shor·t distnnce further 
to the E, in a road section near the form Gjøvik, the shale is apparently 
absent and a 2 m thick shale is present in the upper limestone. Kiær 
claimed that the Sphæronid Limestone was directly overlain by the 
Gastropod Limestone ( 5  a), thus demonstrating a considerable hiatus 
embracing the Tretaspis and Isotelus Series. The direct contact be
tween the Sphæronid and Gastropod Limestones was, however, not 
observed and Kiær had to base his assumption on the fact that the 
not exposed part of the section, representing the sequence between 
the Sphæronid Limestone and the Calcareous Sands tone ( 5 b), just 
equalled the thickness of the Gastropod Limestone. This determin
ation involves some conjecture, both concerning the upper limit of the 
Sphæronid Limestone and with regard to the possible presence of shale 
below the Gastropod Limestone . 

In a recent publication (l 943 b) I have summarized the previous 
knowledge of the stratigraphy and briefly described new sections 
situated between the districts previously surveyed. As mentioned 
above, it became apparent that the northern (Mjøsa) development 
is not only restricted to t1he NW localities along the Randsfjord, but 
apparently ocours in the northern part of Hadeland, southwards to 
a W-E-Iine largely corresponding to the border between the pari
shes Gran and Lunner. South of this line the southern (Oslo) deve
lopment appears, apparently without a gradual transition in facies. 
Concerning the northern development, a characteristic nodular Sphæro
nid Limestone with a thickness of 70 m is found resting on "Cyclo
crinus"-beds at Nerby, 2 km N of the Church of Lunner. Above this 



382 LEIF STØRMER 

thick zone of limestone, a few metres of shale is exposed in the road 

section. I was inclined to interpret this shale as some intermediate 

subzone comparable to the shale described by Kiær further W. A 

limestone higher up in the section was supposed to belong to the 

Sphæronid Limestone because of the presence of Cfzasmops and 

Sowerbyella. 

Since these investigations were published new observations were 

made concerning the shale above the Sphæronid Limestone. As men

tioned bclow, it became evident that the shale had a thickness of not 

less than 20-25 m and therefore hardly could be regarded as a minor 

intermediate subzone of merely local importance. It was natura! to 

suspect the shale to be a northern rep re sen ta ti ve of the Tretaspis 

Shale of the Oslo-Lunner section. Moreover the abundant occurrence 

of Tretaspis in the shale wou,Jd seem to strengthen this view. The 

occurrence of the characteristic Tretaspis Shale also in the northern 

development might somewhat minimise the major difference in facies 
previously emphasized. One of the chief intentions of the present 

research has therefore been to investigate the fossilif.erous shale men
tioned, in order to determine its age and position in the general suc

cession. For comparison the black Tretaspis Shale of the southern 
section has been studied. It has been necessary to confine the pre
sent studies to a few representative localities with more complete 
sections exposed. In the sequel the occurrences examined and their 
respective trilobite faunas are described. The remaining components 
of the faunas, chiefly comprising brachiopods, may be dealt with in 
some future publication. 

Description of the Localities. 

The Soutfzern Development. 

The black Tretaspis (Trinudeus) Shale forming the base of the 
Upper Ordovician, is exposed in several sections S and SW of 
Lunner railway station. Exposurees are also found W and N of 
the station, but we shall confine ourselves to dea,J with the occurrences 
demonstrating more continuous sections. Unfortunately the soft shale 
is not much exposed, only the railroad sections and a few cuts along 
the main roads give more complete sequences indicating the thickness 
of the zone. 
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Textfig. l. Section through the Upper Chasmops Limestone ( 4 bo) along the 

railroad S of Lunner station, Hadeland. 

Along the railroad, about 350 m S of Lunner Station, the Upper 
Chasmops Limes tone ( 4 bo) is exposed with a di p of 3 0-45° SSE 
( textfig. 1). The Jimestone of which the basal portion is not exposed, 
chiefly consists of coarse beds of Iimestone. In contrast to the con
ditions in the Oslo District it is difficult to point out the upper border 
of the limestone which passes gradually into the overlying shale carry
ing lenses of limestone. The transition beds are poor in fossils, but 
judging from the petrological characters one may perhaps draw the 
border at a leve! 20 m a bo ve the basal be ds exposed ( textfig. 1). 
From the change in clip on either side of the dike ane would expect a 

fault in this place, but the exposure on the E wall of the section shows 
a normal succession. As indicated in fig. l, the shale above the 20m 
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leve! contains arenaceous beds of limestone showing "trails" on the 

surface. This may suggest shallow conditions and the expected hiatus 

between the Upper Chasmops Limestone and the Tretaspis Shale may 

probably be found within the trasition Iayers above the 20m leve!. 

A few fossil finds support the assumption of a border at 20 m. 
In the compact limestone Tretaspis ceriodes and Lonchodomas sp. 

occur just below 1 0  m, and Echinospærites sp. is observed 12 m up 

in the section. At about 22 m Tretaspis seticornis and Dionide sp. 

have been recorded, the former probably also occurring at the top 

of the section. Kiær ( 1926 p. 3) mentions the occurrence of Diplo

graptus sp., Dicellograptus sp., and Leptograptus flacidus in the basal 
portion of the shale in the present section at Lunner. Some grapto

lite specimens preserved in the collections of the Paleontological Mu

seum evidently represent parts of these finds. I 'have determined 

several specimens as Dicellograptus pumilus Lapworth, a species oc

curring in Great Britain in the Upper Caradocian Zones with Di

cranograptus clingani and Pleurograptus linearis. 

just S. of the section figured the dip changes forming a small 

anticline. The next section, below the bridge E of Kjørven, is com

posed of black shale Iying al most flat ( shifting di p) with a probable 
thickness of about 24 m. The uppermost 2 m contain beds of appa
rently arenaceous Iimestone. 

A section 160 m further S, W of Bekkeli, has black shale with a 

dip 20° SE in the northern part and practically horizontal beds in 
the southern part. The thickness is 1 3  m. Arenaceous beds of lime
stone are common in the upper part. It is difficult to connect this 
and the preceding section, but one may suggest that the cov-ered area 

between them represents a thickness of about 1 0m. 
30 m further S black shales with Iimestone beds form a low 

anticline. In the southern part of the section the upper limestone beds 
( 4 m above the base) have provided a characteristic trilobite fauna: 

Tretaspis seticornis hadelandica n. var. 
Isotelus sp. 
Encrinurus laurentinus Twenhofel. 
Reacalymene ( ?) holtedahli n. sp. 
Chasmops eichwaldi Schmidt. 
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ihe remaining fauna consists of a few brachiopods (Leptaena 

cf., rhomboidalis, Dalmanella sp., Sowerbyella sp. div.), a gastropod, 

Discoceras cf. roemeri, and Dianulites petropolitana. 

The exact position of these beds is diffioult to establish, but they 
evidently belong to �he uppermost part of the Tretaspis Shale. judg
ing from the sections examined one may suggest a leve! about 55 m 
above the Upper Chasmops Limestone. 

The next section, 50 m southwards just below the road from 
Kalvsjø, contains the same type of shale with parallel limestone beds. 
The nearly flat shale have been subject to local disturbances along 
intersecting · dikes. In this exposure �he general section appears to 
be continued up to 60 m above the Upper Chasmops Limestone. 

From similar beds expos.ed a little further south where the road 
to Sand passes below'the rai'lroad, Holtedahl collected a fauna which 
corresponds el ose! y to the one des.cribed above: 

Encrinurus laurentinus Twenhofel. 
"Calymene" sp. 
Chasmops eichwaldi Schmidt. 
Calliops (?) sp. 

The remaining fauna is richer than in the other locality, being 
composed also of a f·ew Iamellibranchs and corals (Dalmanella sp., 
Sowerbyella sp., Triplecia sp., gastropods, lameHibranchs, Dianulites 

petropolitana?, a rugose and a heliolithid coral). 
The fauna evidently represent·s the Chasmops fauna which Holte

dahl ( 1923) mentions as characteristic of the uppermost part of Tre
taspis (Trinucleus) Shale of the Lunner or Vigga sect.ion. 

Along the same road to Kalvsjø station I have tried to follow 
the section upwards to the Gastropod Limestone. The Tretaspis Shale 
seem to pass gradually into the overlying Isotelus Shale. I have not 
been able to determine the thickness of the Isotelus Shale. The dip 
of the shale is mostly very ·SI•ight, like the dip of the overlying Gastro
pod Limestone, but smaller disturbances, signified by changes in the 
dip, complicate the determination of the thickness. The thickness 
seems, however, to be less than abou1 100m such as suggested by 
Kiær ( 1926). 'fihe shale has beds of .impure limestone from which 

Holtedahl records Plectambonites [Sowerbyella], and Isofelus. Among 
the fairly rich brachiopod faunas I hav·e also noticed fragments of 
Dalmanitina?. 

Norsk geo!. tidsskr. 25. 25 
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Along the road from Kalvsjø to Lunner about 50 m of the shale 
is exposed below the Oastropod Limestone. We may assume the 
thickness of the Isotelus Shale to be about 50-80 m. 

The Tretaspis Shale is exposed also in other locaJ,ities. On the 
road just S of Lunner station more basal beds of the shale contains 
Tretaspis seticornis forma typica. This form is also found near Orina, 
about 3 km W of Lunner (pl. 1, fig. 1) . 

Holtedahl found a black shale with fossilferous limestone beds 
in a railroad section E of Flatla, about 700 m N of Lunner station. 
He refers the black shale to the upper part of the Tretaspis Shale. The 
exposure is, however, small and it is difficu.lt to determine its con
nection w,ith more compkte sections 'lying som distance apart. The 
fairly rich fossil fauna has been mentioned as the "Flatla-fauna" by 
Kiær ( 1926 ). The fossil list given below is collated with notes made 
by Holtedahl: 

Lonchodomas a ff. rostratus ( Sars) . 
Remopleurides sp. 
Illænus glaber Kjerulf. 
Encrinurus laurentinus Twenhofet 
"Calymene" sp. 
Chasmops maximus Schmidt. 

In his notes Holtedahl has also indicated the presence of Tretaspis 
seticornis, but no Tretaspis specimen is pres,erved in the collection. The 
associating fauna is characterized by different lamellibranchs and 
gastropods. The brachiopods comprise species of Dalmanella, Sower

byella, Leptaena, Strophomena and orthids. Larger specimens of 
Dianulites and a straig:ht nautiloid are present, and Holtedahl has 
noticed a rugose coral. 

It is apparent from the trilobite list that this fauna deviates con
siderably from the two faunas described above. In fact the common 
species are confined to Encrinurus laurentinus and possibly "Caly

mene" (the specimens of "Calymene" are not sufficiently well pre
served to permit a doser determination). Unfortunately no sped
mens of Tretaspis is preserved. The presence of Lonchodomas aff. 
rostratus and particularly Chasmops maximus rather suggests a Middle 
Ordovician age of the shaie. The shale seems hardly to belong to the 
Upper part of the Tretaspis Shale, but the beds may possibly belong 
to a basal, transition zone of some kind. 
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The Nortlzern Development. 

Since the Upper Chasmops Limestone is found further N, more 
than 1 km NW of Flatla, this is probably the case also with the 
Tretaspis-Isotelus Shales. At Nerby, however, less than 2 km NW 
of Flatla, a quite different development is founid. Instead of the 
25-3 0 m thick, coarse-bedded Upper Chasmops Limestone, we tind 
a 70 m thick, nodular Sphæronid Limestone. While the former rests 
on the Upper Chasmops Shale, fhe latter rests on Cyclocrinus Lime
stone and Shale. The fauna of the Sphæronid Limestone in the NW 
sections at Tønnerud has been described by Kiær ( 1926), and the 
fauna of the limestone at Nerby will be described in a future paper. 
It may be mentioned, however, that �he fauna contains Trelaspis 

ceriodes which is characteristic of the Upper Chasmops Limestone of 
the southern development. 

As mentioned in my preliminary report ( 1943 b) the 70 m of 
Sphæronid Limestone at Nerby is overlaid by a grey shale, the thick
ness of which is not exposed in the road section. Thanks to the care
ful survey of my assistant cand. mag. Dons, we have been able to 
locate new exposures of the shale. About 400 m further N, E of the 
farm Gagnum, the shale is exposed on the E side of the syncline 
near the main road. 

In the section (fig. 2 a) on ly the up per part of the shale is 
exposed, but the top leve] of the underlying Sphæronid Limestone may 
be roughly determined giving a ·thickmess of the shale of about 20m. 
Since a similar shale was found just above the limestone at Nerby 
it is probable fhat the whole section is built up by shale. The zone is 
overlaid by bedded limestone. Exposures of the same shale have 
been found by Dons along the shore of Rokotjern, less than l km 
further W. 

In the figured section (fig. 2 a) at Gagnum, the grey shale con
tains beds and lenses of limestone. At first sight these beds appeared 
poor in fossils, but a doser examination of the material collected has 
revealed a fairly rich fauna. In the following list fossils also of the 
localities at Rokotjern are included: 

Tretaspis ceriodes Angelin 
Tretaspis kiæri Størmer 
Lonclzodomas sp. 
Remopleurides latus wanensis n. var. 
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Stygina latifrons Portlock 
Jllænus parvulus Holm 
/llænus sp. 

Cyphaspis sp. 
Encrinurus ( ?) sp. 

Cybele (Cybeloides) sp. 
Platylichas laxatus McCoy 
Calyptaulax norvegicus n. sp. 

Calyptaulax sp. 

The remaining fauna is characterized by various brachiopods 

( Sowerbyella, Dalmanella, Platystrophia and other Orthacea), and 
Dianulites, a lamellibranch and gastropods are also noticed. 

The same shale is also exposed on the northern slope of Gamme 
Hill, 2.3 km N of Rokotjern. Fig. 2 b indicates the section in which 

the thickness of the shale may be esNmated to 25 m. The Sphæronid 
Limestone below is exposed close by and the shale is overlaid by 
bedded limestone. Only a few and more fragmentary fossils were 
collected in this exposure: 

Tretaspis ceriodes donsi n. var. 
Remopleurides sp. 
/llænus sp. 
Cybele sp. 
Cyphaspis sp. 
"Lichas" sp. 

The remaining fauna consists of brachiopods (Sowerbyella, Platy

strophia, and other Orthacea), some nautiloid fragments, a branched 

bryozoan, and fragments of a heliolithid coral. 

The bedded limestone above the shqle at Gagnum is poor in 

fossils. In the road section the limestone carries Sowerbyella, a small 

Rafinesquina(?) and fragments of C has mops ( Størmer 1943 b). On 
the NE shore of a small pond S of Gagnum wheathered blocks of lime
stone have been accumulated, evidently taken out from the surrounding 

field. The immediate surroundings are occupied by the limestone 
above the s'hale and it is hardly doubtful that the blocks belong to this 

zone. One of the blocks contained a fine specimen of Tretaspis seti

cornis hadelandica ( pl. 1, fig. 4), the form occurring in the upper part 

of the Tretaspis Shale S of Lunner. 
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Textfig. 2. Sections through the Gagnum Shale. The Sphæronid Limstone 

forms the base and the Gagnum Limestone the top of the sections. a = section 

E of Gagnum, b = section of Gamme Hill; both localities at Gran, Hadeland. 

Higher up in the series the limestone passes into the Gastropod 

Limestone ( 5  a). These series are, however, little foss1iliferous and 
I have hitherto not examined the section good enough to determine 
Gag,n um Shale  and Gagnum Limestone. 

As cHscussed below the fauna of the shaJe at Gagnum, Rokotjern, 

and Gamme deviates definitely from that of the black Tretaspis Shale 
( 4 a a) of the southern development. The. presence of Tretaspis 

ceriodes, the guide fossil of the U p per Chasmops Limestone ( 4 b o) 
of fhe southern development, strongly speaks in favour of a Middle 
Ordovician age of the shale. The shale and the limestone above, 
containing Tretaspis seticornis hadelandica, therefore appear to repre
sent special zones in the Ordovician section of Hadeland. Provisionally 
I suggest to call these zones above the Sphæronid Limestone, the 
Gagnum Sha'le and Ga gnum Limest one. 

Stratigraphical Results. 

When we consider the stratigraphical problems it is eliglble first 

to compare the northern (Gran) and southern (Lunner) developments 

of Hadeland. The two main sections examined Iie about 3 km apart, 

but there is reason to believe that the southern development continues 
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further N as far as to a line rurnning W-E just S of the Nerby secNon 
at Gran ( Størmer 1943 b). 

It appears from the present studies that the southern and northern 
series differ to a considerable degree. As sihown in fig. 3, the Upper 
Ohasmops Shale ( 4 b y), forming the base of the Lunner section, 
differs from the Cyclocrinus beds of Gran. The alga Cyclocrinus has 
not been found in the section at Nerby, but the name of the beds is 
applied because of its ocourrence further NW ( Kiær 1926), and be

cause of the general resemblance with the development of the Mjøsa 
district. The Upper C'hasmops Limestone ( 4  b 8) of the southern 
development has a thickness of 25-30 m and is characterized by its 
coarse-bedded layers of l'imestone. Fossils are not abunc\ant in this 

zone, but a typical form is Tretaspis ceriodes. In the northern devel
opment the Cyclocrinus beds are overlaic\ by �he Sphæronid Limestone, 
which differs from the Upper Chasmops Limestone in having a greater 
thickness (70 m) and in being composed of closely packed, small 
nodules of limestone. Kiær ( 1926) correlated the mentioned lime
stones and the present determination of Tretaspis ceriodes in both 

zones strongly confirms his assumption. A correlation of the U pper 

Chasmops Shale ( 4 by) wHh the Cyclocrinus beds is not d:zcided. The 

matter may probably be settled through a future detailed study of the 
rich Middle Ordovician faunas of the Oslo Region. 

The black Tretaspis Shale ( 4 c a ) follows above the U p per 
Chasmops Limestone at Lunner. The shale, having a t'hickness of 
about 60 m, contains the characteristic guide fossil Tretaspis seticornis. 

At Gran the Sphæronid Limestone is also overlaid by a zone of shale. 
The position of the shale, as well as the abundant occurrence of 
Tretaspis in limestone lenses in the upper part, would appear to justify 

a correlation .of this shale with the typical Tretaspis Shale ( 4  ca) at 

Lunner. The shale, with a thickness of 20-25 m, differs, however, 
from the black Tretaspis Shale in having a more greyish appearance 
and in carrying smaller and thinner lenses and layers of limestone. 

More important is the difference between the faunas of the two zones. 

In the shale of the northern development the guide fossil Tretaspis 

seticornis is replaced by T. ceriodes which is characteristic of the Upper 
Chasmops L:imestone of the southern development. T. Kiæri also 

occurs, which is found in the uppermost part of the 4 bo at Ringerik.: 
as mentionec\ below. The rest of the fauna is also quite different from 
that of the Tretaspis Shale of Lunner. As shown below, the Tretaspis 
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species appear to be very good and reliable guide fossils. It seems 

therefore justifiable to assume that the Gagnum Shale, the  sh a le 
above the  Sphæronid Limestone, belongs t o  th e Upper  

Chasmops L imestone  zone  a t  Lunner, or  may part ly  f i l !  

the gap immediately  above this  zone i n  the southern devel

opment. 

In the southern development the Tretaspis Shale passes upwards 

into the Isotelus Shale of considerable thickness. In the northern 
development the Gagnum Shale is directly overlaid by compact layers 

of limestone. Unfortunately this limestone is not rich in fossils. 

Previous finds ( Størmer 1943 b) suggested the se be ds to betong to 

the Sphæronid Limestone Series rather than to the Gastropod Lime
stone above. The occurrence of Tretaspis seticornis hadelandica in 
the lower part of the limestone gives an interesting clue to the age. 

The same variety occurs in the uppermost part of the Tretaspis Shale 
(4 c a) at Lunner, and  therefore suggest  that  the  lower part  

o f  th e Tretaspis  Shale  in  the  norther n sect ion i s  repre
sented b y  a h iatus, whi te  the upper part is developed a s  a 
massive l i m es  tone. The I sote! us shale of the Lunner section is 

ovePlaid by the aharacterdstic compact Gastropod Limes tone ( 5 a) 
representing the uppermost zone of the Ordovician. The same zone 
is developed in the northern development. Unfortunately the lower 
part is poor in fossils and it has therefore not been possible to 
establish a boundary between the Gastropod Limestone and the under

lying Gagnum Limestone equivalent to the upper part of the Tretaspis 
Shale and possibly some part of the upper Tretaspis zones and the 
Isotelus Series as suggested in textfig. 3. Future detailed studies in 
the field may solve these problems. 

After having compared the two sequences of Hadeland, we shall 
try to correlate these series with sections in other districts of the Oslo 
Region. 

Concerning the northern development i1 might be mentioned that 

the Sphæronid Limestone, described by Kiær ( 1926) from Tønnerud, 

deviates somewhat from the development at Nerby ahout 8 km SE 
of Kiær's J.ocality. At Tønnerud t1he limestone is divided in 3 subzones 

by an intermediate shale with a thickncss of 7 m. Local variations 

seem, however, to occur since the shale is apparently absent in a near
by road section. Only 48-49 m of the limestone is exposed, but Kiær 

assmned this to represent more or less the total thickness, because 
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a succeeding covered portion of the section just corresponded to the 

thickness of the Gastropod Limestone. This determination implies, 
however, a certain amount of conjecture, and it seems possible that 

the Sphæronid Limestone also in this place may have had a greater 
thickness and have been overlaid by Gagnum Shale. 

As pointed out by Holtedahl ( 1923) the northern section of 
Hadeland bears considerable resemblance to the section of the Mjøsa 
District, as shown in textfig. 3. In both places we find calcareous 
shales with Cyclocrinus faunas. At Mjøsa the Cyclocrinus beds are 
overlaid by the characteristic Mjøsa Limestone, a compact limestone 
arenaceous in the lower part, of 75-80 m thickness. Kiær correlated 
this zone with the Sphæronid Limestone of Hadeland. The present 
determination of the age of the Sphæronid Limestone has corroborated 
Raymond's ( 1916) and Kiær's ( 1926) assumption of a Middle Ordo
vician age of the Mjøsa Limestone. It is, however, not yet decided 
whether the upper part of the limestone may be of a somewhat 
younger age. 

The southern development of Hadeland may be compared with 
the sections at OsJ.o and Ringerike. The Oslo section described by 
Brøgger ( 1887, Størmer 1934) is demonstrated in textfig. 3. l n 
larger featmes the section corresponds very well with the section at 
Lunner. One notices a smaller thickness of the lower zones ( 4 by-

4 ca). The Upper Chasmops Limestone (4 b8) evidently corresponds 
to the same zone at Lunner, but probably the uppermost part is lacking 

in the Oslo section (correlation indicated by dotted line in textfig. 3). 

The guide fossil Tretaspis ceriodes is found in the uppermost part 

of the limestone, especially in the Asker area where the zone has a 

greater thickness (>20 m). The Tretaspis shale (= Lower Tretaspis 

Shale = 4 ca) with Tretaspis seticornis has a very small thickness 

at Oslo. The guide fossil is replaced in the Tretaspis Limestone 

( 4 cf3) by T. latilimba. Since a variety of T. seticornis occurs in the 

upper part of the about 60 m thick black shale at Lunner, it is prob

able that this thick zone corresponds to the Tretaspis Shale represented 

in the Oslo section by the Lower Tretaspis Shale with a thickness of 

6-7 m only. 

Tretaspis latilimba brøggeri is characteristic of the Gastropod 

Limestone ( = Upper Chasmops zone = 5 a= 4 da of Brøgger) of 

the Oslo District. The long range ( 4 c(3-5 a of Tretaspis latilimba 

as well as of other fauna! elements, suggests the wnes 4 c(3-5 a to 
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Textfig. 3. A suggestion for a stratigraphical correlation of Upper Ordovician 

series of the Oslo Region. 

represent a comparatively short space of time ( Størmer 1930, Strand 
1933). The partly arenaceous beds of about 110-120 m thickness, 

may be correlated Jargely with the lsotelus shale of Lunner. 

At Ringerike the Upper Ordovician has been studied by Kiær, 

but his observations have not been published. Our knowledge of the 

series is Jargely based on unpublished notes by Kiær (Strand 1933). 

The development of the U pper Chasmops Limes tone ( 4 b8) is much 

like that of Lunner. The upper part is formed by a compact limestone 

with Echinosphærites sp. and Tretaspis ceriodes. At the very top of 
rhis limestone Kiær ( 1921) discovered a limes tone Jayer with a rich 

fauna including a Tretaspis sp. which he assumed to be T. seticornis. 

The upper part of the limestone was therefore separated as a special 

zone which was called the Lower Trinucleus Limestone. The guide 
fossil has, however, proved to belong to another species, T. kiæri 

( Størmer 1930), whic!h is not known from the Tretaspis Shale. The 
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compact limestone is overJ.aid by 2.40 m of limestone with inter

bedded shale, forming a subzone between the compact Upper Chas

mops Limestone and the overlying typical Tretaspis Shale. In these 

transition beds, 1.30 cm above the rich layer with T. kiæri, I found 

one specimen of T. seticornis ( Størmer 1930). The lower part of 

the black Tretaspis Shale contains arenaceous beds of limestone. l'he 

section resembles el ose ly that of Lunner ( t,extfig. 1) in which these 

transitions layers occur at a leve! about 20 m. If a hiatus is ex

pected between the Upper Chasmops Limestone and the Tretaspis 

Shale, it may be expected within the lower part of the subzone wit'h 

alternating shale and limestone. 

The Tretaspis Shale of Ringerike has a thickness of 30 m ( Kiær 

1921) (Strand 1933 gives 20m), and carries T. seticornis. The guide 

fossil also occurs in the Tretaspis Limestone above. In the upper 

part of the 50 m thick limestone, T. latilimba appears, suggesting that 

the upper part of the zone may be correlated with 4 c{3 of Oslo, and 

with beds above the Tretaspis Shale at Lunner. The following Iso

telus Limestone, separated from the underlying limestone by a discon

formity according to Strand ( 1933), has a thickness of 15 m, but 

this is a minimum value for the section exposed on Frognøy. The 

Gastropod Limestone is said to have a thickness of about 100 m. 

Compared with the Lunner section the Upper Ordovician zones of 
Ringerike have about the same thickness, but a calcareous facies is 
more prevailing, especially in the upper part. 

At Langesund-Skien the Upper Ordovician section is de
scribed by Brøgger ( 1884). The zone with Mastopora concave, deve
loped as a shale with limestone nodules, may correspond to the Cyclo

crinus beds ( carcareous algæ, Cyclo,crinus ? have been found at Stat

helle). The next zone, the Encrinite Limestone, has a thickness of 
about 40 m and consists of very compact, pure limestone with fauna 

including various corals. This zone is overlaid by the typical black 
Tretaspis Shale with a thickness of 13-15 m. 

The Encrinite Limestone may be regarded as forming more or 
less a reef-facies of the Upper Chasmops Limestone. An upper part 

of the Encrinite Limestone may have been represented by a hiatus in 
the Oslo-Ringerike-Lunner sections. It seems probable that 
the limestonc has its equivalents in the Sphæronid and Mjøsa lime

stones. The Tretaspis Limestone, lsotelus zones, and Gastropod 
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Limestone (4  c{3-5 a), with a thickness of 120-130 m, are built 
up chiefly by nodular limestones, thus resembling the Gagnum -

Gastropod Limestone's of northern Hadeland. 

The present brief comparison of the Upper Ordovician section 
of the Oslo Region has indicated the considerable variation in facies 

and thickness of these zones. The studies of the sections of Hade
land have confirmed the previous views on a marked difference be
tween the southern and northern developments. The find of the guide 
fossil Tretaspis ceriodes, in particular, has offered valuable evidence 
to the more accurate determina�ion of the age of the zones. A cor
relation of the different sequences of the Oslo Region seems possible, 
but more accurate figures 'have to be postponed until the Middle Ordo
vician Series have been subject to a more detailed palæontological 
research. 

As pointed out by previous writers the sedimentation was prob

ably interrupted at shorter or longer intervals. These breaks in the 

series are generally well disguised and have to be traced through a 
doser study of the succeeding fossil faunas. Raymond ( 1916, p. 244) 

pointed out the probable presence of a prominent hiatus between the 
U p per Chasmops Limes tone ( 4 bo) and the Tretaspis Shale ( 4 ca) 

of the Oslo District. The Cyclocrinus zones and Mjøsa Limstone, 
previously regarded as belonging to the Upper Ordovician (Holtedahl 
1909), were supposed to fill the gap between the mentioned lime
s tone and shale of Oslo. Kiær ( 1920, 1921, 1926) supported this 
view, but had a somewhat different opinion on the correlation of the 
different zones. At first Kiær was inclined to regard the Cyclocrinus 
zones as being equivalent to the Upper Chasmops Limestone, and the 
Mjøsa limestone thus being represented by a hiatus at Oslo. In his 

later papers, however, he correlates the Upper Chasmops Limestone 
with the Mjøsa, Sphæronid, and Encrinite Limestone. 

The present studies have corroborated the conception of a more 
or less common age of these Iimestones, and have indicated a break 

above the Chasmops Series. It has become apparent, however, that 

the break evidently began earlier at Oslo than in other areas. The 
thickness of the Upper Chasmops Limestone increases westwards and 

northwards towards Asker, Ringerike, and Hadeland, and an upper-
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most zone (or suhzone) with Tretaspis kiæri is developed at Ringe
rike and Hadeland ( Gran), marking the introduction of the hiatus at 
a higher leve! in these districts. In the southern part of the Oslo 
Region, and probably also in Sweden, the typical  b lack Tretaspis 
Shale  with  Tretaspis seticomis forms a character ist ic  t rans

gression zone  fol lowing an  interval  of  no sedimentat ion. 
For this reason it seems natura! to regard the Tretaspis Shale as the 
basal zone of the Upper Ordovician of Sca.ndinavia. It might be 
mentioned that a similar hiatus seems to distinguish also the lower 
boundary of the Middle Or.dovician. Sandy layers and an »intra

formational" conglomerate ( Ringerike) occur below the Ampyx 
Limestone ( 4 a{3) in certain places in the Oslo Region, and a hiatus 
below the Chasmops Series in Sweden is recently suggested by Thors
lund ( 1940). 

At Gran the typical black Tretaspis Shale is lacking, but the 

presence of Tretaspis seticomis hadelandica in a limestone facies 
suggests the presence of the uppermost part of the zone with Tre

taspis seticornis ( 4 ca). The absence of the lower, main part of the 
Tretaspis Shale at Gran indicates �hat the interval of no sedimentation 
lasted langer in this place. Going further N the interval increases 
rapidly. At Mjøsa, the Mjøsa Limestone, probably forming the upper
most zone of the Chasmops Series, is followed by sandstones of Lower 
Silurian age. 

Future studies may locate other gaps in the sedimentation. The 
Jack of a Tretaspis Limestone at Lunner may suggest same interrup
tion in the sedimentation of the Upper Ordovician of this area. Prob
ably a major part of the Isotelus Series is missing between the Gagnum 
and Gastropod Limestones at Gran. 

Finally we shall briefly compare the fauna and facies of Hade
land with those of certain foreign countries. The black Tretaspis 
Shale of Lunner has its equivalent i.n the si mi lar Tretaspis ( = Trinu

cleus) Shale in Sweden. In Vastergotland the shale follows above 

the Upper Chasmops beds with Tretaspis ceriodes. In jamtland a 
shale with T. ceriodes is overlaid by the Masur Limestone representing 

a calcareous facies of the Iower part of the Tretaspis Shale ( Thors

lund 1940, p. 82). A particular development of the Chasmops
Tretaspis Series is found in the Siljan area of Dalarne. Instead of 
the normal sequence of Chasmops-Tretaspis-Dalmanites shales, 

certain zones are developed as thick limestones with very rich local 
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faunas. Through a careful study of the trilobite faunas Warburg 
( 1925) was able to separate two different zones of reef limestone, 
the Lower and Upper Leptæna Limestone. Field research by Thors
lund ( 1935, 1936, fig. 8) has made it probable that the lower zone, 
the Kulsberg Limestone, represents a reef facies of the uppermost part 
of the Chasmops series, and that the upper zone, the Bocla Limestone, 
belongs to the Upper part of the Tretaspis Shale and the succeeding 
Dalmanites Series. Concerning the  Kulsberg Limestone it 
may  be corre lated wi th  our  Upp e r  Cha,smops L imes,tone, 
and part icular ly  wi th  the Sphæronicl, Encr ini te, and Mjøsa  
L imestones, having a s imi lar  algal  reef  facies. (Haplo
sphæronis is characteristic of the Kulsberg Limestone ( Thorslund 
1935, p. 27.) An equivalent  t o  the Boda Limestone may 
possibly  be seen i n  the  Gagnum Limestone of  Gran. In 
both cases the Upper part of the Tretaspis Shale, and possibly higher 
zones, are cleveloped as massive limestones. 

The rapid change in facies of the Chasmops-Tretaspis Series 
of Dalarne teaches us to be cautious concerni,ng the tectonic importance 
of the differenoe in f,acies of Hadeland. 

Brøgger ( 1887) correlated the Norwegian Tretaspis Series 
( 4 Ca-4 Cy) with the Wesenberg of the Baltic. The fine! of Chas

mops eichwaldi, the guide fossil of the Lyckholm, in the upper part 
of the Tretaspis Shale at Lunner, rather suggests a Lyckholm age 
for these series. Tretaspis seticornis also occurs in the lower part 
of the Lyckholm in Esthonia. Jf the shale at Flatla really belongs 
to the Tretaspis Shale, it is very unexpected to find Chasmops maximus 
which belongs to the Jewe and Kegel. As mentioned above the true 

· position of the shale is yet uncertain. 
In the British Ordovician the Trilobite Phillipsia parabola is re

garded as characteristic of the Ashgillian. Since this form occurs in 
the Upper Chasmops Limestone of the Oslo Region I have previously 
been inclined to include the Tretaspis Shale and possibly also the 

upper part of the Upper Chasmops Limestone in the Ashgillian Series 
(Størmer 1930, 1934). More recently it has become apparent, how

ever, that the black Tretaspis Shale rather corresponds to the zone 

with Pleurograptus linearis ( Thorsluncl 1935, p. 48) and thus belongs 
to the Upper Caradocian. The Ashgillian is probably introducecl by 
the appearance of Tretaspis lafilimba. · As clemonstratecl by Lamont 
( 1935) the Tretaspis species seem to form reliable guide fossils als o 
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in Great Britain. The occurrence of T. ceriodes high up in the series 
does not, however, correspond to the Scandinavian occurrence of this 
species. The species may possibly have been confused with similar 
forms such as T. seticornis hadelandica. 

The Tretaspis faunas of Hadeland also bear a certain impress 
of American Upper Ordovician faunas. The Gagnum Shale contains 
the American genera Calyptaulax and Calliops, and Encrinurus Lau

renfinus from Anticosti Island of Canada ( Twenhofel 1928), occurs 
in the Tretaspis and Isotelus Shales of Lunner. 

Systematic Description of Trilobites. 

Genus Tretaspis McCoy. 

The family Cryptolithidae Angelin comprise the genera Crypto

litlws Green, Trinucleus Murchison, Tretaspis McCoy, Trinucleoides 

Raymond, and Reedolithus Bancroft. Bancroft ( 1929, 1933, ane\ 
Bancroft in Lamont 1935) also divides the genus Cryptolithus into the 
following genera: Cryptolithus, Broeggerolithus, Marrolithus, Onnia, 

Reuscholithus, Salterolithus, and Ulricholithus. I was not inclinec\ to 
regard these groups as representing separate genera because the di
stinguishing c\ifferences hardly exceeded the variation within other 
cryptolithid genera such as Trinucleus and Tretaspis. Since the pro
posed genera have proved useful, however, particularly with regard 
to stratigraphy, I would suggest to maintain Bancroft's genera, pro
visionally as subgenera of Cryptolithus. 

Recent studies have clearly demonstrated the stratigraphical im
portance of the Cryptolithidae. Species of Cryptolithus have provecl 
very characteristic, particularly of the Caradocian of Great Britain 

( Bancroft and others). Tretaspis species have manifested their im

portance as guide fossils, chiefly of
· 
the Upper Ordovician of Scan

dinavia ( Størmer 1930, Thorslund 1940, 1943) and Great Britain 

(Lamont 1935). Unfortunately most of the car lier and descriptions 
and illustrations of Tretaspis species are too incomplete to warrant a 

doser comparison of the forms. It has therefore otten been difficult 

to establish the distinguishing characters of the early described 
species. 

The first Tretaspis spe eies was described by W ahlenberg ( 1818, 

1821) under the name Entomostracites granulatus. Unfortunately the 
specific name was altered by Roualt ( 1847, 1848) who found the 
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name to present an erroneous conception of the pits on the fring€. 

Angel in ( 1854) adopt,ed Roualt's name T. wahlenbergi, a name' which 

has since figured in fossil list, otten signifying other species €. g. 
T. latilimba. The name T. wahlenbergi has to be dropped in favour 
of the original T. granulata. 

The welknown species T. seticornis was established by Hisinger 
( 1840). Although the drawings of Hisinger are not bad for its time, 

they are based on specimens preserved in shale and therefore give a 
less correct impression of th€ highly convex form. Several different 
species have from time to time been referred to this species. In my 
previous monograph ( Størmer 1930) I have tri ed to redescribe the 
Scandinavian species. Since Hisinger's T. seticornis was based on 
specimens from Dalecarlia, Sw€den, it seems natura! to select a neo
type from this type locality. As emphasized by several authors the 
species T. cyllarus Hisinger evidently is synonymous with T. seficornis. 

The same is the case with T. affinis Angelin ( 1854) from the same 
horizon and Iocality. 

In my previous paper I discussed the basis of classification of 
the Trefaspis species. As distinguishing characters it seems useful 
to apply such which are restricted to the cephalon and which are 

not too dependent on the different preservation in limeston€ and shale. 
The variable ornamentation of the test seems to be of minor taxonomic 
importance. Reed ( 1914) paid atten ti on to the different development 

of the glabellar furrows, a character which is much dependent, how
ever, on the mode of preservation. The convexity of the glabella and 
cheeks may also be considered. A swollen glabella and strongly 
convex cheeks appear to influence the development of the fringe. 
The shape and pattern of the fringe seem to offer the best diag
nostic characters. Particularly the arrangement of pits on the fringe 
has proved useful (Størmer, Bancroft). 

A statistical study of the pits on the fringe has made it possible 
to determine the range of variation within one population of tretaspis. 

Graphs have been worked out showing the variation in the number 
of pits: (I) along the posterior margin in the prolongation of the 

occipital segment, (Il) across the fringe along the median line in 

front, and (Ill) across the fringe in front of the dorsal furrow. In 
addition to these components one may also consider the development 

of the different rows bf pits along the cheeks, a character less fit to 
be put into graphs. 
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The graphs illustrating the variation of T. seticornis from the 
black Tretaspis Shale of Dalecarlia, Sweden, ( Størmer 1930 fig. l), 

correspond rather closely to those of the species occurring in the 
same zone in bstergotland (l. c. fig. 34 b). The bland specimens, on 
the other hand, (1. c. fig. 34 c) seem to deviate from those of the 
localities just mentioned. It deserves to be mentioned that the number 
of specimens examined is fairly small, but the difference is also in
dicated by Anderson ( 1894) in his morphological description of the 
form. Among the populations of the Tretaspis series of Ringerike 
(1. c. fig. 33 a-c) one may perhaps notice some change in one ( Ill) 
of the characters considered. The graphs suggest a small tendency 
towards an increase in the number of pits from older to younger beds. 

The minor differences in the graphs may suggest the presence of 
different varieties of the same species. The present studies of the 
Tretaspis faunas of Hadeland have supported this assumption. I have 
therefore found it justifiable to suggest several new varieties which may 
be useful, particularly to stratigraphical invcstigaNons. In the s·equel 
brief diagnosis are suggested for the different species and var'ieties of 
Scandinavia. The arrangement of pits on the dorsal lamella of the 
fringe is used as the chief systematic character. Illustrations of the 
forms concerned are given in my previous monograph as well as in 
the present paper. The stratigraphical distribution of the Scandi
navian species and varieties is indicated on the table p. 404. 

l. Tretaspis granulata ( W  ahlenberg 18 18), forma typica. 

Large form. Olabella· and cheeks strongly vaulted, test smooth 
or faintly reticulated. Lateral eye tubercles absent (?). Fringe broad 
with long genal prolongations, 7 rows of pits in front, 3 marginal 
rows in radial sulci. Indices: I =ca. 13-14, 11 =7, III =7-8?. 

Lecto type. Preserved in Paleont. Inst.� of Upsala. From the 
red Tr>etaspis Shale, Sweden. 
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2. Tretaspis granulata (Wahlenberg) var. bucklandi ( Barrandi), 
emend Størmer 1930. 

Fringe more narrow in front. Irregular number and arrangement 
of pits. 2-3 marginal and internal rows may be placed in radial 
sulci. Indices: I= ca. 12-15, Il= 5-7, Ill = 5-7. 

Lectotype. Has .to be chosen among specimens descr,ibed by 
Barrande from D6 in Bohemia. 

3. Tretaspis seticornis (Hisinger 1840), forma typica. 

Medium-seized form. Glabella and cheeks strongly vaulted with 
moderate retioulation of test. Fringe narrow with 3-4 continuous rows 
of pits in front, 2 marginal rows in radial su lei. Indices: I= 6-1 O, 
Il= 3-4, Ill = 3?-4. 

Lectotype or .neotype. Has to be chosen among cotypes of 
Hisinger, or among specimens from the black Tretaspis Shale of Dale
carlia, Sweden. 

Rem ark  s. Fig. 4 illustrates a specimen with few pits. 

4. Tretaspis seticornis ( Hisinger), var. anderssoni n. var. 

Large form. Fringe with faintly developeld brim, 4 continuous 

rows of pits, and a short 5th row in front of axial furrows. Indices: 
I= 6-10, Il= 4, Ill= 5. 

Holotype. No. 65 196 of Paleont. Mus. Co!!. Oslo. From the 
Tretaspis Shale of Frognøy, Ringerike, Norway. 

Remarks. The holotype ,is figured on pl. 1, fig. 2. The 
variety appears to be identical with the form described by Andersson 
( 1894) from the Trestapis Shale of o land. 

5. Tretaspis seticornis (Hisinger), var. hadelandica n. var. 

Large form with moderately convex cheeks. Test smooth or 
practically so. Fri,nge stee.p with faintly developed brim, 4 cont-inuous 

Norsk geo). tidsskr. 25. 26 
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rows of pits, and a 5th row in front of axial furrows and along margin 
of cheek. Indices: I= ca. 7-8, H = 4, Ill= 5. 

Holotype. No. 65 187 of Paleont. Mus. Coll. Oslo. From the 
Gagnum Limestone, N. Nerby, Hadeland. Holotype described below. 

6. Tretaspis ceriodes (Angelin 1854), forma typica. 

Smaller form with moderately convex cheeks. Test strongly 
reticulated. Fr,inge with faintly developed brim and short genal 
prolongations, 5 ( rarely 6) continuous rows of pits, 2 marginal rows 
in radial sulci. Indices: I= 7-8, Il= 4?, 5-6, Ill= 5-6. 

Ne otype. No. H 38 1 of Paleont. Mus. Coll. Oslo. From the 
Up per Chasmops Limes tone ( 4 bil), Norderhov, Ringerike, Norway. 

7. Tretaspis ceriodes (Angelin), var. angelini Størmer 1930. 

Glabella less bulbous with more transverse glabellar furrows. 
Test moder a tel y reticulated. Fringe with shallow pits. Indices: 
I =  7-9, Il= 4-6, Ill= 4?, 5-6. 

Holotype. No. H 526 of Paleont. Mus. Coll. Oslo. From the 
Upper Chasmops Limestone ( 4 bil), Terneholmen, Asker, Norway. 

8. Trestaspis ceriodes (Angelin), var. dons i n. var. 

Test moderately reticulated. Fninge in front with 3 rows of pits 
in radial sulci. lndio2s: I= 9, Il= 6, Ill = 6. 

Holotype. No. 64 147 of Paleont. Mus. Coll. Oslo. From the 
Gagnum Shale, Gamme Hill, Gran, Hadeland, Norway. Holotype 
described below. 
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9. Tretaspis latilimba ( Linnarsson 1869). 

Medium-sized form wi�h comparatively narrow glabella. Test 
smooth in adult. Fringe steep and broad in front, practically without 
brim. 5 continuous rows of pits in front, and a short 6th row in front 
of axial furrows. 2 marginal rows in shallow radial sulci. Indices: 
I=---= 8-10, Il = 5, Ill = 6. 

Lectotype. To be chosen among Linnarsson's cotypes from the 
red Tretaspis Shale of Vastergotland, Sweden. 

l O. Tretaspis latilimba (Unnansson), var. brøggeri n. var. 

Fringe with narrow brim, usually 6 continuous rows of pits in 
front, and a 7th row may occur in front of axial furrows. Indices: 
I= 8-10, Il = 5-6, Ill = 6-7. 

Holotype. No. 11 957 of Paleont. Mus. Coll. Oslo. From the 
Gastropod Limestone ( Upper Ohasmops Zone) (5 a), Skjærholmen, 
near Oslo, Norway. Pl. l, fig. 10. 

1 1. Tretaspis kiæri Størmer 1930. 

Larger form with strongly vaulted glabella and cheeks. Test 
distinctly reticulated. Fringe broad writh well developed brim. 7 con
tinuous rows of pits in front, and an 8th row may occur, at !east in front 
of axial furrows. 3 marginal rows in radial sulci. Indices: I =  9-12, 
Il= 7-8, Ill = 7-8, 9?. 

Holotype. No. H 197 of Paleont. Mus. Coll. Oslo. From the 
upper part of the Upper Chasmops Limestone (4 beS) (= Lower Trinu
cleus Umestone of Kiær), Frognøya, Ringerike, Norway. 
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Tretaspis ceriodes forma typica ...... l X ? l - - - - -
Tretaspis ceriodes angelini .......... X - - - - - -
Tretaspis ceriodes donsi ............ X - - - - -
Tretaspis kiæri ..................... - X - - - -

l 
-

Tretaspis seticomis forma typica ..... - - X X ? - -
Tretaspis seticornis anderssoni ....... - - X X - - -
Tretaspis seticornis hadelandica ..... - - - X - - -
Tretaspis granulata forma typica ..... - - - X X - -
Tretaspis granulata bucklandi ....... -

l 
- - X X - -

Tretaspis latilimba forma typica ...... - - - - X ? -
Tretaspis latilimba brøggeri ......... - - - - - X 

Tretaspis ceriodes (Angelin). 

Pl. l, fig. 7, pl. 4, fig. 16. 

In the Gagnum Shale E of Gagnum this species occurs abundantly. 
The specimens correspond very well in shape and size to the typical 
specimens of R,ingerike and other \ocalities. Most oharacterisfic is the 
steep fringe of an almost constant width. 5 rows of pits are present 
in front. The marginal brim is but slightly developed, and the marginal 
sulci very shallow. The short genal prolongations have 7-8 pits 
along the posterior margin. 

Pl. 4, fig. 16, shows a fairly complete specimen demonstrating 
the morphology of the thorax and pyg.idium. The 6-segmented thorax 
has a subquadratic outline. The flat pleural areas, intersected by the 
distinct pleural furrows, have steep lateral portions. 

The pygidium has faintly developed axial furrows, the axis having 
6 annulations. The pleural area .is slightly convex medially where the 
anterior pleural furrows are visible, and slightly concave towards the 
steeply sloping margin. 

Dimensions. Median length of complete specimen = 15.5 mm, 
length and width of pygidium = 2.5 mm, 9 mm; length of cephalae = 

7 mm, 6mm. 
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Occurrence. Common in the Gagnum Shale E of Gagnum and 
at Rokotjern, Gran, Hadeland. 

RemiMks. The present species appears to be characteristic 
of the uppermo·st par

·
t of the Middle Ordovician ( Chasmops Series). 

The species occurs in the U p per Chasmops Limes tone ( 4 bil) of Oslo, 
Ringerike, and Hadeland, and in the Sphæronid Limestone of Hade
land. In Sweden T. ceriodes is found in the same series (Beyrichia 
Limestone) in Va·stergotland and according to Thorslund (1940) in 
the upper part of the Chasmops Series of jamtland. From the Upper 
Drummuck Group of Girvan, Scotland, Lamont 1935) quotes the 
presence of Tretaspis aff. cerioides. Since this form occurs in beds 
above those with T. seticornis, it may possibly be some: other form, 
perhaps T. seticornis hadelandica, which has a similar shape of the 
fringe. The American T. clarkei Cooper 1930 also bears considerable 
resemblance to the present species. 

Tretaspis ceriodes (Angelin) var. donsi n. var. 

Pl. l, fig. 8. 

The single specimen, probably representing a late larva! stage, 
is preserved in calcareous shaie demonstrating fairly well the primary 
convexity of the cephalon. On the narrow convex glabella the frontal 
lobe is not muc'h deveJ.oped. The glabella and cheeks have a reticulat•ed 
ornamentation. The moderately vaulted cheek is provideid with a 
tubercle representing the lateral eye. The ·fringe has a fairly even 
width with a narrow marginal brim. The short postlateral angles are 
but slightly prolonged backwards. The fringe has 6 mws of pits 
in front, a number decreas.ing to 5 at the antelateral portion of the 
cheek. Along the posterior margin the fringe has 9 pits. Characteristic 
of the variety is the presence of marginal radial sulci with 3 pits, in 
the frontal portion of the fringe. 

Dimensions. Length and width of cephalon = 2.5 mm, 10 mm. 
Holotype. No. 64 747 of the Paleont. Mus. Coll. Oslo. 
Occurrence. Gagnum Shale, Northern slope of Gamme Hill, 

Gran, Hadeland. 
Remarks. In the narrow glabella and shape of fringe, as well 

as in size, the present form exhibits Jarval characters. The variety 
differs from the typical T. ceriodes by the presence of radial sulci with 

3 pits, and possibly by a larger number of pits along the postlateral 

border of the fringe. 
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Tretaspis kiæri Størmer. 

Pl. l, fig. I l. 

A few fragmentary specimens evidently belong to this species. 
The large form has a broad fringe with the characteristic number of 
pits. In the specimen figured the fringe in front of the axial furrow 
has 7 rows of pits, 4 on the cheek roll and 3 in radial sulci at the 
margin. For comparison a more complete cephalon from Ringerike 
is figured (pl. l, fig. l2). 

Dimensions. Probable length of cephalon =ca. lO mm. 
Occurrence. Gagnum Shale, E of Gagnum, Gran, Hadeland. 

Tretaspis seticoniis ( Hisinger), forma typica. 

Pl. l, fig. l. 

Specimens belonging to this type are found in the lower part of 
the Tmtaspis Shale at Lunner and near Grina, W of Lunner. A sped
men from Grina (pl. l, fig. l) is somewhat compressed in the shale. 
The reticulation of the test is visible, and the fringe has the pit pattern 
characteristic of the forma typica of the species. In front there are 
4 rows of pits of which the 2 marginal ones are placed in radial sulci. 
The specimens of Lunner, also preserved in shale, have a similar pat
tern of pits. 

Textfig. 4. Tretaspis seticornis (Hisinger) forma . 

typica. 3 x. Ante lateral view of cephalon with. few 

pits on the fringe. Tretaspis Shale (4 ca), Frognøy, 

Ringerike. No. H 75 Pal. Mus., Oslo. Kiær. coll. 

Dimensions. Length of cephalon from Grina = 8 mm, .length 
of cephalae from Lunner = 7 mm, 6 mm. 

Occurrence. The forma typica of the species is found at 
Grina, W of Lunner station, and in the road section just S of the 
sta ti on. 

Tretaspis seticornis ( Hisinger) var. hadelandica n. var. 

PI. l, fig. 3, 4. 

Both in the southern and northern development of the Upper 
Ordovician of Hadeland this variety has been found. 
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The variety appears to be larger than the forma typica. The 
glabella and the more moderately ·convex cheeks have a practically 
smooth test. In the holotype the lateral eye tubercles are less prominent 
than usual in the species. The steep and broad fringe is almost without 
a brim, thus approaching the characters of T. ceriodes and T. latilimba. 
In front of the bulbous pseudofrontal lobe of the glabella there are 
4 rows of pits of which the 2 marginal ones are placed in shallow 
radial sulci. In front of the axial furrows there are 5 rows of pits, 
a number present also along the ·cheek, in contrast to the conditions 
in T. seticornis andersoni in which the number becomes smaller below 
the more convex antemedian point of the cheek. Along the posterior 
margin the number of pits appears to be about 7-8. 

Holotype. No. 65 187 of Paleont. Mus. Coll. Oslo. 
Dim en s.i on  s. Length and width of ho lo type = 1 1  mm, 20 mm. 

Length and width of specimen from Lunner= 9? mm, 13,5 mm. 
Oc curren ce. The holotype is found in a loose block at the 

eastern shore of the small pond S of Oagnum, Gran. The limestone 
block evidently belongs to the Oagnum Limestone. The variety is 
common in the limestone beds of the uppermost part of the Tretaspis 
Shale in the railroad section near Bekkeli S of Lunner station. 

Lonchodomas aff. rostratus ( Sars). 

PI. 2, fig. 10. 

A few cranidiæ were found in the shale at Flatla, and some frag
ments in the shale of Oagnum. The subtriangular cranidium without 
the frontal spine, is a little broader than long. The oblong glabella 
is marked off by distinct glabellar furrows diverging forwards. The 
moderately vaulted glabella has a median keel which in front becomes 
flattened indicating a quadrangular .section of the frontal spine. In 
front of the occipital furrow the glabella is provided w.ith two circular 
muscle scars, and another pair of more oblong scars are traced further 
forward on the glabella. The .depressed fixed cheeks have a triangular 
outline. 

Dimensions. Length (without frontal spine) and width (esti
mated) of figured specimen = 10 mm and 1 1  mm. 

Oc curren ce. Tretaspis Shale (?), railroad· section by Flatla N 
of Lunner station. Fragments from the Oagnum Shale at Oagnum, 
may belong to the same species. 
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Remarks. The specimen described corresponcls rather closely 
with Sars' species ( Størmer 1940, pl. 2, fig. 1-3). This species, 
however, is characteristic of the considerably older Ogygiocaris Shale 
(4 aæ) and Ampyx Limestone (4 a{3). The present form deviates in 
the more circular shape of the posterior muscle scars, and possibly 
also in the more distinct axial furrows. Species related to L. rostratus 
occur in the Upper Chasmops Limestone (4 bo), but judgement of 
their mutual relationship may be postponed to a future revision of this 
group, so common in the Ordovician of Norway. 

Remopleurides latus Olin var. granensis n. var. 

Pl. 4, fig. 4. 

The glabella has a subrhombic outline, an evenly convex central 
portion, and a tongue-Jik,e frontal piece projecting steeply between 
the large eyes. The length of the convex tongue is about 1f2 the width 
of the glabella. The length of the glabella, not including the occipital 
ring, is % the width. Traces of 3 pairs of transverse glabellar furrows 
are indicated. The test which is preserved only in the hind portion 
of the glabella, is quite smooth without striæ or tubercles. The large 
lateral eys are provided with a very great number of minute facets. 
Fragments of the free cheek exposed in the holotype shows a fine 
striation interruptecl by rows of very small tubercles. 

Holotype. No. 65 082 a of Paleont. Mus. Coll. Oslo. 
Occurrence. A few specimens in the Gagnum Shale at the 

NE-shor� of Rokotjern, Gran, Hadeland. 
Dimensions. Length and width of glabella = 7 mm, 8 mm. 
Remarks. The present form is probably closely related to 

Remopleurides lat us described by Olin ( 1906) from the Chasmops 
Series in Scania, Sweden. The Swedish species differs, however, in 
having a somewhat broader frontal tongue and a distinct striation 
of the test. A doser correspondance is found with specimens from 
the Ostersji:i Limes tone described by Wiman ( 1907) and referred to 
the same species. In discussing the species Warburg ( 1925, p. 89) 
suggests that Wiman's form might represent a special variety. The 
Swedish author describes a variety R. latus kulsbergensis which corre
sponds with our form in the width �f the tongue, but differs in having 
a fine striation of the test. It may seem justifiable to regard the 
Norwegian form, and probably also the form described by Wiman, as 
representing a separate variety. 
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Cyphaspis sp. 

Three incomplete cranidiæ have been collected in the Gagnum 
Shale E of Gagnum (No. 65 193), at Rokotjern (No. 65 095 a) and 
Gamme Hill ( No. 64 704). The specimen from Gamme measures 2 mm 
in length. The narrow, strongly vaulted glabella has the characteristic 
basal lobes. The pre-glabbelar area is strongly convex with the surface 
sloping rapidly down to the transverse furrow behind the anterior rim. 
A doser specific determination of the fragmentary material is :hardly 
possible. 

Isotelus sp. 

PI. 2, fig. I l, text-fig. 5. 

A few, rather fragmentary specimens of a large asapliid have 
been found in the upper part of the Tretaspis Shale S of Lunner 
sta ti on. 

The figured free cheek Jacks the genal spine and the frontal 
portion is also somewhat incomplete. The very broad and forwards 
projecting doublure is characteristic of the genus /sotelus. The genal 
spine was evidently fairly strong. 

The hypostoma (text-fig. 5) shows the characteristic slight devel
opment of the anterior wings. Another generic feature is expressed 
in the Jack of a central body distinguished by lateral furrows or 
individual convexity. The posterior wings are strongly developed, 
being as lang as the frontal portion of the hypostoma. The test is 
ornamented with irregular terraced lines. A pair of maculæ are 
situated in the middle of the anterior portion. The distance between 
the oblong, transverse maculæ is % the width of the hypostoma in 
this place. 

A fragmentary pygidium (No. 65 204) indicates a parabolic out
line of this shield. The axis is faintly marked by very shallow axial 
furrows. 

Dim ens ion s. Length of free cheek from base of gen al spine 
to late,ral eye = 34 mm. Length and width of hypostoma = 27,5 mm, 
25,5 mm. Width of pygidium = 74 mm. 

Occurrenc e. Upper part of Tretaspis Shale (4 ca), railroad 
section S of Lunner station. 

Remarks. A doser specific determination of the present form 
may favourably be postponed until the far more complete materials 
from Ringerike and other localities of the Oslo Region are described. 
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Textfig. 5. lsotelus. sp. 1.5 x. Hypostoma. 

Upper part of Tretaspis Shale (4 ca), railroad 

section near Bekkeli, S of Lunner, Hadeland. 

No. 65 262 a Pal. Mus., Oslo. Størmer coll. 

Stygina latifrons Portlock. 

PI. 4, fig. I I, 12. 

The figured cephalon is rather fragmentary, lacking the left cheek 
and the posterior portion of the glabella. The shape of the convex 
glabeHa corresponds to the illustration of Salter ( 1864, pl. 2, fig. 2). 
The free cheek has �he characteristic broad lateral limb. The genal 
spine, not shown in the published photograph, is shor·t and direct back
waflds thus corresponding to Irish specimens, but differing from a 

specimen described by Wiman ( 1901, pl. 8, fig. 1) from the ostersjii 
Limestone. 

A small pygi-dium (pl. 4, fig. 12) evidently belongs to the present 
species. Along the semicircular marginal brim the test is broken off 
exposing the broad doublure. 

Dimensions. Probable length and width of the cephalon = 

9 mm and' 18 mm, of the pygidium = 5.5 mm and 8.7 mm. 
Occurrence. Gagnum Shale, E of Gagnum, Gran, Hadeland. 

Jllænus glaber Kjerulf. 

PI. 2, fig. 12, 13. 

The cephalon figured has the very small palpebral lobes character

istic of the /. linnarssoni group. The course of the posterior branch of 

the facial suture, distinguishing /. linnarssoni from /. glaber (= 

/. av us) ,  is not ·exposed in the specimen. On the other hand th� 

width of the glabella, being less than lJ2 the width of the cephalon 

( Warburg 1925, p. 125), agrees with that of/. glaber ( Størmer 

1943 a). 
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Dim ens i o ns. Leng�h and width of cranidium = 17 mm, and 
25 mm. 

Occurrence. Tretaspis Shale(?) in the railroad section at 
Flatla, Lunner, Hadeland. 

Rem ark  s. , The species is common in the U p per Chasmops 
Limes tone ( 4 bB) of the Oslo District, but seems to occur a1so in the 
Upper Ordovician Series. 

Illænus parvulus Holm. 

PI. 4, fig. 7, 8. 

The cranidium is strongly vaulted. The glabella is bordered by 
shallow axial furrows diverging forwards and becoming obsolete at 
the frontal portion of the pa1pebra1 lobes. The width of the convex 
glabella is a Iitle more than 5/7 the length. The narrow fixed cheek 
has prominent palpebral lobe with a gently curved margin and a 
length exceeding % the length of cephalon. The straight posterior 
branch of the facial suture forms an angle of 70° with the posterior 
margin of the cephalon. 

Possibly a specimen demonstrating the thorax and pygidium 
(pl. 4, fig. 9) may be referred to the same species. The thorax has 
the 8 segments characteristic of the group to which /. parvulus belongs 
according to Holm ( 1882). The width of the thoracic axis, as well 
as the length of the axis in the pygid�um, are, however, grea'ter than 
in the specimen figured by this author (1. c. pl. 5, fig. 14). 

Dimensions. L�ength and width of cranidium, No. 65 142 = 

7 mm, 8 mm; of thorax (outstretched) No. 65 182 = 5 mm, 8,5 mm; 
of pygidium = 4,5 mm, 8 mm. 

Occurrence. Gagnum Shale, E of Gagnum, Gran, Hadeland. 
Rema rks. The present specimens are larger than those of the 

Chasmops Limestone (Iength of cephalon = 4 mm) and Boda Lime
stone (5 mm) of Sweden (Warburg 1925, p. 136 ) . A form described 
by Wiman ( 1907, p. 138, pl. 8, fig. 20-22) deviates in ha�ing a 
different course of the posterior branch of the facial suture. 

Encrinurus laurentinus Twenhofel. 

Pl. 2, fig. 14. 

Several pygidiæ of this form have been found in the upper part 
of the Tretaspis Shale ( 4 ca) of Lunner, but appears to occur also 
in the lsotelus Shale above. 
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The pygidium has a triangular outline with an acute, but not 
projecting posterior point. The width varies in accordance with vari
able convexity of the side lobes. The figured specimen is narrow, the 
J.ength being like the width, but in more flat specimens the length may 
be less than % the width. The present material has demonstrated 
a considerable difference in the morphology of the dorsal and ventral 
surfaces ( shown in the casts) of the test. In the specimen figured the 
test of the axis has later been partly removed in order to demonstrate 
the inner surface. The dorsal surface of the test shows a long and 
narrow, little convex axis bordered by faint axial furrows becoming 
obsolete posteriorly. The axis is provided with numerous lateral pits 
distinguishing the segments or subsegments rather. Only the two 
frontal segments are marked off as axial rings. The rest of the axis 
has a smooth median portion without median tubercles. On the east 
(inner surface) the axis is more narrow and also the posterior pointed 
portion is bordered by distinct axial furrows. The axis tapers evenly 
in breadth towards the distal point not reaching the posterior margin. 
On the east the axis is divided in distinct axial rings, the posterior 
ones, however, being very faintly developed. 35 rings and a small 
unsegmented distal piece are traced. 

The side lobes are strongly convex in the specimen figured, but 
in other specimens they are more flat with convex marginal portions. 
On the dorsal surface the test of the side lobes is very smooth without 
an individual convexity of the pleuræ. The pleural furrows appear 
as distinct lines except in the posterior portion where they become 
more obsolete. The 6-7 frontal pleuræ have the lateral portions 
developed into short blunt spines directed backwards and sli.ghtly out
wards. On the east the pleural furrows are much more distinct, being 
broader and deeper and thereby giving the pleural ribs a more indi
vi·dual convexity. 14 pleuræ are visible in the east of the specimen 
figured. 

Dimensions. Length and width of pygidium of No. 35 059 
= 11 mm, 11 mm; of 65 262 b = 10 mm, 16 mm(?). 

Occurrence. Fairly common in the upper part of the Tretaspis 
Shale ( 4 ca) in the railroad section S of Lunner, and along the road 
to Sand passing below the same railroad. A pygidium probably be
longing to this species has been found in the shale at Flatla, Lunner. 
The species also occurs in the Isotelus beds of the last locality. 
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Remarks. In his article on the family Encrinuridæ Reed (1928) 
distinguishes several different groups of the genus Encrinurus. As one 
of the chief distinguishing characters Reed mentions the development 
of complete or incomplete rings on the axis of the pygidium. The 
present material has made it clear, however, that such a distinction 
is highly dependent on the mode of preservation, and therefore easily 
may lead to confusion. 

The described form is probably closely related to E. multisegmen

tatus Portlook described from several European countries. The sped
mens from Girvan, Scotland ( Re ed 1906, p. 122) has, however, 32 
segments on the axis and 11 pleuræ without free, pointed ends. War
burg ( 1925, p. 334) suggests that the Swedish specimens referred 
to E. multisegmentatus, may belong to ano1her spedes, E. striatus 

Angelin, since the convexity of the side lobes appear to be different 
(as well as some cephalic features) . The variable convexity of the 
Norwegian specimens would rather suggest a common identity of the 
two species as far as the pygidium is concerned. Encrinurus perceensis 

Cooper from Gaspe, Canada (Cooper 1930, p. 382, pl. 5, fig. 6) 
appears to be closely related, if not identical with E. multisegmentatus. 

Twenhof.el ( 1928, p. 329) ha ving examined P.ortlock's original material 
in London, mentions that the "pygidium figured by Portlock has about 
25 segments in the central lobe. These are less sharply separated on 
the top of the axis than on the sides, but are plainly shown. No nodes 
are on any part of the pygidium, and the length of the pygidium is 
equal to the width and each is about 16 mm. On the lateral slopes 
of the pygidium the re are 13 segments". From the Anti cos ti Island, 
Canada, Twenhofel ( 1. c. p. 328, pl. 59, fig. 2-5) describes E. lauren

tinus which has a 12 mm long anld 13 mm wide pygidium with 
30--40 segments on the axis and 12 or more ribs on the side lobes, 
and no tubercles on any parts of the pygidium. This Upper Ordovician 
species thus agrees completely with our form. The species mentioned� 
seem, however, to be closely related forming one smaller group charac
teristic of the Upper Ordovician. 

Encrinurus(?) sp. 

Pl. 4, fig. 6. 

An incomplete fragment, an impression of the right side of the 
anterior -% of the glabella with the fixed cheek, evidently belongs to 
the Family Encrinuri.dea. The vaulted glabella is bordered by deep 
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axial furrows, apparently diver.ging anteriorly. A furrow near the 
frontal margin of the glabella marks off a marginal rim. 2 short 
glabellar furrows are placed near the axial furrows. The strongly 
vaulted fixed cheek .has a stalked eye with a forward position. Both 
the glabella and cheek are ornamented with a very coarse granulation. 

The short and lateral glabellar furrows. as well as the coarse 
granulation suggest the genus Encrinurus. A similar granulation is, 
however, found also in certain species of Cybele ( Atractopyge), but 
these forms have a more posterior position of the lateral eyes. The 
present form recalls illustrations of Encrinurus seebachi Schmidt ( Opik 
1937, fig. 33). 

Dim ensions. Possible length of cephalon = 7-8 mm. 
Occiurrence. Gagnum Shale, NE-shore of Rokotjern, Gran, 

Hadeland. 
Cybele (Cybeloides) sp. 

Pl. 4, fig. 1, 5. 

The subrectangular, vaulted glabella is bordered by moderately 
deep axial furrows, sloping steeply in front. In its posterior half the 
glabella has glabellar lobes, separated from the median portion of 
the glabella, by their convexity rather than by a longitudinal furrow 
such as in typical members of the subgenus Cybeloides. The glabellar 
furrows between the three lobes appear as transverse pits which open 
laterally through a more shallow groove into the axial furrows. The 
glabella is ornamented with a coarse granulation. The fixed cheek is 
strongly vaulted with a stalked eye, situated opposite and slightly in 
front of the second glabellar lobe, and directed upwards and slightly 
outwards. The course of the facial suture is not exposed. The cheek 
is also ornamented with tubercles, however, less distinct. An eye ridge 
is indicated leading from the anterior portion of the frontal glabellar 
lobe to the eye. 

A pygidium from the same slab may belong to the same species. 
As shown in pl. 4, fig. 1 the pygidlium is long and narrow, but the 

actual width is not exposed. The narow axis has 15 incomplete rings 
and a posterior pointed piece projecting backwards between the pleuræ. 
On either side of the axis the side lobes ha'Ve narrow ribs running 
parallel with the axial furrows. Since these ribs may be traced for
ward almost to the front of the pygidium it is probable that the side
lobes were very narrow. It is, hovewer, not excluded that an anterior 
portion of the pygidium is not preserved. 



REMARKS ON THE TRETASPIS SHALES OF HADELAND 415 

O,imensi·ons. Length of cephalon (No. 65 145) probably 5 mm, 
length of pygidium (No. 65 137) 10 mm(?). 

Occurrence. Gagnum Shale, E of Gagnum, Gran, Hadeland. 
Remarks. The glabella is not distinctly trepartite such as in 

typical species of the subgenus Cybeloides ( Reed l 928, p. 72), but 
on the other hand the side lobes are well marked off from the central 
portion of the glabella. The posterior position of the eyes is charac
teristiiC of the mentioned subgenus, and tihe pygidium seems also to be 
similar. A posterior position of the eyes is, however, found in certain 
spe eies (C. grewingki and C. revalicusis) which have other characters 
in common with Cybelella. Provisionally the described form may be 
placed in the subgenus Cybeloides. The species differs decidedly 
from C. love ni Linnarsson ( 1869), but the establishment of a possible 
new species may wait until more material is at hand. 

Reacalymene(?) holtedahli n. sp. 

PI. 2, fig. 6-8. 

Specif ic  characters: The glabella is bell-shaped in outline, 
moderately oonvex and sloping gently forward to the steep anterior 
border. The length of the glabella ( occipital ring included) is slightly 
greater than its width at the base, the front of the glabella reaching 
a Iittle farther forward than the fixed cheeks. The prominent basal 
glabellar lobes are rounded with the anteriolateral corner slightly 
projecting. The furrows in front of them are bifurcate, but no inter
mediate lobes are present. The next lobes are considerably smaller 
with a rounded outline and the furrows in front of them obliqu·e with 
a slight tending to bifurcate. The third Iobes, from behind, are smaller, 
bordered in front by short but distinct glabellar furrows. The frontal 
lobes of the glabella have no "supplementary" glabella furrows. 

The axial furrows are deep, following the course of the bell
shaped outline of the glabella. The antennuary pits are deep, situated 
opposite the frontal lobes. No papi!Jate J.obes me present. T1he pre
glabellar furrow are deep and broad. The anterior margin is "thick
ened" forming a broader ridge flattened on the top. The fixed cheeks 
have the lateral eyes situated opposite the second glabellar lobes with 
palpebral lobes (not preserved in holotype) not much tumed upwards. 
The occipital furrow is broad. The cephalon has a smooth test. 

A pygidium occurring together with the holotype and probably 
belonging to the same species, is strongly convex. The broad axis 
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tapering ervenly in width backwards almost to the end of the pygidium, 
has 4 rings, an incomplete 5th ring and a posterior terminal piece. The 
side lobes have the marginal portion steeply sloping and the edge 
curved inwards below. The lobes are provided with an anterior half 
rib and four ribs with intercostal furrows in the distal half of each 
rib. On either side of the terminal piece of the axis a rib runs back
wards and slightly inwards towards the posterior margin. The test 
is finely granulated near the posterior margin. 

Dimensi·ons. Length and width (estimated) of cephalon (hola
type) = 15.5 mm, and 24 mm. Length and width of pygidium = 

8 mm, and 15 mm. 
Holotype. No. 65 192 of Pal. Mus. Coll. Oslo. 
Occurrence: The species is fairly common in the upper part 

of the Tretaspis Shale S of Lunner station. A cephalon occurring in 
the shale at Flatla N of Lunner Station may belong to the same species, 
but since the pre-glabellar area is not preserved, an acurate determin
ation is hardly possible. 

Rem ark  s. In his revision of the British Calymenidæ, Shirley 
( 1935) divides the previous genus in to a number of new genera which 
appear to have a characteristic stratigraphical distribution. The pre
sent species lacking papillate lobes, and having compar.atively long 
and bell-shaped glabella resembles the genus Gravicalymene of which 
only one British species is known. The pre-glabellar area with its 
flattened ridge in front, however, deviates from the roll in Gravi

calymene and approaches more closely the conditions in the g•enus 
Reacalymene. The shape of the ridge may be subject to some vari
ation, but provisionally we may perhaps refer the species to the genus 
Reacalymene (cp. Shirley 1935, Hg. 1). Both Gravicalymene and 
Reacalymene are characteristic of the Middle-Upper Ordovician. 

The present species differs from the British species. The Baltic 
species described by Schmidt as Calymmene Stacyi ( Schmidt 1894, 
1907) from the uppermost Ordovician deviates fwm our form in the 
shape of the pre-glabellar area. Two specimens from Bornholm and 
West Prussia ( Schmidt 1894, pl. 2, fig. 1 O, 11) have a broader pre
glabellar furrow and a flattened ridge recalling the Norwegian form. 
It seems doubtful whether these specimens belong to the same species 
as the more complete specimen from Dago. The present species has 
lit·Ne common with "Calymene" trinucleina Tornquist, which ·is charac
teristic of the Scandinavian Tretaspis Shale. 
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Platylichas laxatus McCoy. 

PI. 4, fig. 15. 

A fragment of the pygidium was found in the Gagnum shale at 
Rokotjern. The frontal portion of the pygidium is well pr.eserved 
showing the convexity of the axis and the distinct granulation of the 
test. The axis has three rings, no indications of a fourth. The two 
anterior pleural segments, separated by distinct rib furrows and pro
vided with pleural furrows, are exposed with exception of pleural 
spines. The figured specimen correesponds very weH with specimens 
figured by Warburg ( 1939 pl. 12, fig. 1 1, 12) from the Chasmops 
Limestone ( 4 b8) of Asker, near Oslo. Although on ly parts of the 
pygidium is preserved, it seems probable that the present specimen 
belongs to the spe eies P. laxatus ( McCoy). 

Dimensions. Width of pygidium = about 14 mm. 
Occurrence. Gagnum Shale, NE-shore of Rokotjern, Gran, 

Hadeland. 

Calyptaulax norvegicus n. sp. 

Pl. 4, fig. 2, 3. 

The little oonvex glabella has a subpentagonal outline with the 
frontal border well rounded. The width of the glabella is like the 
length in front of the occipital ring. The distinct but shallow axial 
furows div-erg•e forwards. The kontal lobe of the glabella occupies 
the whole width of the glabella as far as to the frontal tip of the 
J.ong l st glabeHar lobes. The pwminent ti·rst gla'bellar lobe has a 

triangular outline bordered in front by the 1st glabellar furrow, 
directed obliquely outwards and f·orwards. The 2nd glabellar 
furrow, marking the posterior border of the lobe, forms a trans
vers·e, pit, w'hich on the east communicates with the axial furrow 
through a shallow furrow. The 2nd glabellar furrow is directed out
wards and backwards. The 2nd glabellar lobe, which thus is partly 
coalesced with the l st lobe, is much smaller, bordered posteriori y by 
the 3rd glabellar furrow. The 3rd glabellar furrow is bifurcate w:ith 
the frontal\ branch mnni1ng paraUel with the 2nd glabellar furrow, and 
the hind branch directed backwarlds separating t:he 3rd gla
bellar lobe. The 3rd lobes form circular lobes on either silde of a 
faifly broad ring across the glabella. The occipital ring is broad and 
transversely convex. The broad fixed cheeks have very long crescenti
form, s.Jightly oonvex, palpebral lobes extending forwards to th:= gla-

Norsk geo!. tidsskr. 25. 27 
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beila at the anterior point of the 1st glabellar lo bes. The post
lateral angles of the oheeks aæ not preserved. 

The pygidium, evidently belonging to the same species, has a 
tr:iangular outline, probably with an acute posterior end. The convex 
axis, bordered by distinct axial furrows, tapers evenly in width towards 
the blunt distal end. The shallow ring-furrows have an undulating 
course. About 9-10 rings may be counted, the posterior ones being, 
however, very indistinct. The convex side lobes have 5 pleural furrows 
and indications of a 6th near the distal end of the ax·is. Faint rib 
furrows ar·e indicated. The broad marginal band is slightly concave 
without pleural furrows. The postlateral ridge is broad and low. 

The test, preserved in the frontal portions of the cephalon and 
pygidium, is smooth. 

Dimensions. Length of cephalon (holotype) = 11 mm. Length 
of pygidium = 1 O mm. 

Holotype. No. 65 118 of Paleont. Mus. Coll. Oslo. 
Octurrence. Gagnum shale, E of Gagnum, Gran, Hadeland. 
Remarks. This species is probably the first known European 

representative of this American genus of the subfamily Pterygomato
pinae. The cephalon of the pr·esent spedes deviates slightly from the 
genotype C. glabella Cooper (Cooper 1930, p. 388, pl. 35, fig. 10) 
by having somewhat larger 3rd glabellar lobes. A greater diff.erence 
is found in the more narrow marginal band of the pygidium of the 
Ame ri can form. The other speoies of the genus (Del o 1940) are 
more different. C. glabella occurs in the Richmondian fauna of Perce, 
Quebec. 

Calyptaulax sp. 

Pl. 4, fig. l O. 

A small pygidium, somewhat laterally compressed, probably be

langs to this genus. It differs from C. norvegicus in having a more 
narrow rachis, one more pleural nib, and distinct rib furrows confined 
to the distal portions of the ribs. The pygi.dium may belong to a new 
species or variety, but the present material is too incomplete to war
rant a detailed description. 

Dim ens  ion s. Length and w.idth of pygidium = 6 mm, 7 mm. 
Occurrence. Gagnum Shale, NE shore of Rokotjern, Gran, 

Hadeland. 
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Calliops (?) sp. 

Pl. 2, f.ig. 9. 

The hagmentary pygid:ium figured probably had a triangular 
outline wtith an acute (not preserved) terminal point. The axis, 
moderately convex, and tapering backwards to the distal blunt end, 
has undulating ring furrows. The moderately convex side lobes have 
6 pleural fur:rows and laterally the ribs are provided with rib furrows 
exten1dling into the wide marg�inal band beyond the pleural furrows. 
A postaxial ridge is present and the terminal point of the pygidium 
is upturned. Test smooth. 

Dim ensions. ProbabJ.e length and width of pygidium = 12 
mm and 18 mm. 

Occurrence. Upper part of Tretaspis Shale, section along the 
road to Sa,nd near the railroa:d S of Lunner. 

Remarks. In the development of the pleural furrows the present 
form deviates from species of Dalmanitina and Pterygometopus. A 
similar pygidium is found in species of the American genus Calliops 

of the subfamily Pterygometopinae. C. plattenvillensis Ulrich and 
Delo ( Delo 1940, p. 98, pl. 12, fig. 5) has a pygidium rather similar 
to the one described above. 

Chasmops maximus Schmidt. 

Pl. 2, fig. 1-5. 

In limestone beds in the black shale of Flatla, Holtedahl col
lected several specimens probably belonging to this species. The 
glabella has a subtrapewidal outline with the slig'htly convex axial 
furrows diverging forwards at an angl·e of about 40°. The length of 
the glabella ( including the occipital ring) equals the width. The 
convex, alate frontal lobe of the glabella has a transverse, slightly 
concave anterior border. On the east the central portion of the lobe 
has rows of muscular markings, arrangled around a central oblong 
area. The l st glabellar lo be is prominent, Wlith a subtriangular out
line and with little individual convexity. l st glabbellar furrows almost 
straight forming an angle of 110°. The lateral border of the lo be 
slightly convex. The 2nd glabellar lobe is rudimentary, appeal"ing as 
a small tubercle at the base of the l st lobe. The 3rd lo be forms the 
distal end of a .Jes.s distilnct ring across the ·glabella. The occipital 
furrow is well marked. The cheeks are not preserved. The pygidium 
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is known through several larger fragments. The exact outline •is not 
demonstrate1d, but appears to have been elongate parabolic. The 
posterior portion is well rounded with an upturned distal point ( pl. 2, 
fig. 4, 5). The rachis is relatively broad. The width is not tapering 
evenly backwards to the distal very blunt point. At a point beyond 
half its length the axis is comparatively broad, the axial furrows thus 
being slightly convex. The rings on the axis become very short near 
the short terminal piece. The convex side lobes have distinct 
pleural furrows reaching dose to the margin. The little convex ribs 
have no rib furrows. Characteristic of the species ,is the presence 
of pJ.eural ribs near the posterior margin on either side of the post
axial ridge. 

Dim ensions. Length of cephalon ( No. 35 036) = 27,5 mm, 
length of pygidium more than 38 mm (No. 35 117). 

Occurrence. Limestone beds ("Flatla Limestone") in black 
shale, railroad section E of S. Flatla, just N of Lunner station. 

Rem arks. The species Chasmops maximus was founded by 
Schmidt (1881, 1907) on specimens from Jewe ( D1) and Kegel (D2) 

of the East Baltic provinces. The specimens tigured by Schmidt 
(1881, pl. 3, fig. 11; pl. 4, fig. 1-3, 5-7; pl. 10, fig. 17, 18, pl. 11, 
fig. 13, and pl. 15, tig. 34, 35) differ mutually, however, in several 
respects. Concerning the cephalic structures, the l st glabellar lo be 
has a convex hontal border 1in some specimens (l. c. pl. 4, fig. l, pl. 1 O, 

fig. 17), while in another (pl. 4, fig. 2) it is more straight, though 
not so much as in our form. Specimens from "Geschiebe" of oland 
(pl. 4, fig. 3) and Germany have very prominent glabellar lobes 
reaching as far back as to Vhe occipital furrow. The pygidium is also 
subject to considerable variation. A shape of the axis similar to that 
of our form is expressed in certain Baltic specimens (pl. 4, fig. 6, 

7 (?), and pl. 15, fig. 35), but quite another type is represented by 
a specimen (pl. 4, fig. 5) having a narrow, evenly tapering axis. 
A similar narrow axis is demonstrated in a specimen figured by Torn
quist (1884, pl. l ,  fig. 8) from Dalarna in Sweden. W'igand's 
specimens (1888, pl. 6, fig. 12, 13) closely approaches our form. In 
the cephalon the l st glabellar lobes have a somewhat different outline, 
but this may to a certain extent be due to the state of preservation. 
Particularly rhe pygidium is very similar showing the characteDistic 
thickening of the posterior portion of the axis, and the back,wards 
directed pleuræ beyond the distal point of the axis. After a careful 
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exam�natio,n of Swedish specimens of C. macrourus Sjogren, War

burg ( 1925, p. 402) suggests that C. maximus may be identical with 

this species. This view is based on the considerable variation ob

served by Warburg in a number of specimens. Concerning the pygi
dium of C. macrourus, Schmidt found vhis to deviate from that of 
C. maximus in being more acutely pointed post,eriorly and by having the 
axis more strongly narrowing backwards. The second point is noticed 
by Warburg to be subject to considerable variation within specimens 
of C. macrourus, and concerning the more truncate posterior margin 
of the pygidium in C. maximus the Swedish author mentions that this 
might be due to the less satisfactory preservation of Sohmidt's sped
mens. 

Our material corresponds very well with Schmidt's characteristics 
of C. maximus. The pygidium is not acutely pointed and the rachis 
neither tapers more rapid'ly backwards. In her description of: a 
O. macrourus Warburg mentions the dying out of the axial furrows 
before reaching the extremity of vhe axis. In the specimens of Hade
land the extremity of the axis is wtell bordered by the ax,ial furrows. 
Judging from the Norwegian material, which, however, is not very 
complete, it seems justifiable to maintain C. maximus as a separate 
speoies. 

Chasmops eichwa/di Schmidt. 

PL 3, fig. 1-10. 

This form is characteristic of the upper part of the Tretaspis 
Shale S of Lunner. 

The cephalon has a semicircular outline with long genal spines. 
The subtrapezoidal glabella is bordered by deep (in east) axial fur
rows diverging forwards at an angle of 60°-70°. The moderately 
convex kontal lobe of the glabella is very bnoad and alate with a 
littlte curved anterior margin. A prominent pæ-glabellar border is not 
preserved in the specimens at hand, but the ceplhalon figmed in pl. 3, 
fig. 9 and l O har dl y suggest such a structure. The prominent l st 
glabellar lobe is not distinctly triangular in outline. The frontal 
rounded portion being partly surroundeld by the broad lateral portion 
of the frontal lo be. The l st and 2nd glabellar furrow unite medially 
separating the lobe from the central portion of the glabella. The 
second glabellar lobes are not quite reduced. An indication of a 
small lateral tubercle is visible in tihe specimens, but whether this is 
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present also on the dorsal surface of the t·est it has not been possible 
to decide since all specimens examined represent intemal moulds 
or casts. The second lobes ar-e thus represented chiefly by a trans
verse ring not well separated from the transverse ring r.epresenting 
the 3rd lobes. The rectangular occipital r.ing is bordered in front by 
a deep occipital furrow with a circular pit close to the axial furrow. 
The narrow fixed cheeks have comparatively small palpebral lobes 
bordering the lateral eyes with a visual surface containing about 22 
radial rows of facets, the lon gest rows with l O facets. The free cheeks 
are sloping steeply towards the margin and the lateral, flat surface 
of the long genal spine is almost vertical. The genal spine has a very 
narrow and pointed distal portion. It is ornamented with very minute 
close-set tubercles ( pl. 3, fig. 3) . 

The convex pygidium has a triangular outline with a fairly acute 
posterior point. The axis tapers rapidly in widtih backwards to the 
distal end situated not far from the hind margin of the pygid:ium. 
'The axis has 14- 15 rings, the last ones in front of the terminal 
piece being nearly obsolete. The arched side lobes have distinct 
pleural furrows separating 13- 14 pleural ribs ( the last o nes ne ar 
the postaxial ridge being very faint) . The distal point of �he pygi
dium is not turned up such as in C. maximus. 

Dimension's: L·ength and width of cephalon No. 65 188 = 
19 mm (?) , 33 mm; No. 35 108= 2 1  mm, 35 mm; No. 65 203, 25 mm 
( length) . Length and width of pygidium No. 65 180= 17,5 mm, 
24 mm; No. 35 060 = 17 mm, 23 mm. 

Occurrence. The present form is common in the upper part 
of the Treta'Spis Shale ( 4 ca) in �he railroad sections S of Lunner, as 
well as in the road section near the railway along the road leading 
to Sand, and in railroad sections between Lunner and Grindvold. 

Remarks. The species forming one of the guide fossils of the 
Lyckholm ( FJ of the Baltic, was established by Schmidt ( 1881, 
p. 117, pl. 4, fig. 4, pl. 5, fig. 8- 10, 16, and pl. 10, fig. 2 1) and a 
new illustration and br,ief description have been g.iven by Opik ( 1937, 
pl. 9, fig. l). The spedes is also described from "Geschiebe" in 
Germany by Wigand ( 1888, p. 53, pl. 7, fig. 4) and Pompeckj ( 1890, 
p. 27, pl. l ,  fig. 2 1- 23) , and from Sweden by Wiman ( 190 1, p. 168, 
pl. 5, fig. 1- 5. The ch1ef aharacteristic of the species, the compJ.ete 
Jack of the 2nd glabellar lobe, is not quite fulfilled in our form. As 
shown in the reprod:uced phot·ographs a slight indication of a turbercle 
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suggests a rudimentary Jobe on the east. The indication is, however, 
very slight and a similar structure is found in Wiman's specimen. 
Schmidt's drawingrs show a more prominent pre-glabellar brim. This 
is, however, less marked in the German specimens and in the one 
figured by Opik. The Norwegian specimens (pl. 3, fig. 9, l O), 

apparently have no prominent brim, but this character may perhaps 
be of J,ess importance. The pygidium of our form corresponds very 
well previous descriptions and illustrations (Schmidt's drawing is not 
fortunate). Apart from the differences mentionerd the Norwegian form 
agrees very well witih C. eichwaldi. Important common characters are: 
the broad ala te frontal Jobe of the glabella, the shape of the l st 
glabellar Jobes, the more or less complete absence of the 2nd Jobes, 
the close-set, small lateral eyes, the sculpture, and the shape of the 
pygidium, particularly the rapidly tapering width of the axis and the 
not-upturned terminal point. In spite of the mentioned differences 
I have not found it appropriate to suggest a new variety. 

Chasmops sp. 

PI. 4, fig. 13, 14. 

The small cephalon from the Gagnum shale is unfortunately 
badly preserved. It is not possible to determine the development of 
the second glabellar Jobe. The specimen may represent a not adult 
stage. 

A pygidium (pl. 4, fig. 14) possibly also belongs to the genus 
Clzasmops. Tihe pygidium has a parabolic outline, but this may 
largely be due to lateral compression of the specimen. The well marked 
axis reaching almost to the hind margin, is border,ed by slightly convex 
axial furrows and pmvided with 11 distinct rings and a short terminal 
piece. Trhe strongly vaulted lateral lo bes have l 0- 11 strong ribs, 
reaching the margin and provided with traoes of rib furrows. The 
doublure, when expos,ed, forms a narrow, strongly concave border with 
finely granulated test. 

Dim e n s i o n s. Length of cephalon = 6 mm, Jength and width of 
pygidium = 5,6 mm, and 6 mm. 

Oc c u r r e n c e. Gagnum Shale, SW and NE-shore of Rokotjern, 
Gran, Hadeland. 
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PLATES 

Reproduced photographs not retouched. 
Specimens whitened. 

Pl a t e  l. 

Fig. l.  Tretaspis seticornis (Hisinger) forma typica. 3 X. Cephalon, ante
lateral view. Wax east. Tretaspis Shale (4 ca), SE of Grina by Lunner, Hade
land. No. 64 649, Pal. Mus., Oslo. Henningsmoen and Major coll. 

Fig. 2. Tretaspis seticornis anderssoni n. var. 3 X. Cephalon, antelateral 
view. Holotype. Tretaspis Shale (4 ca)(?), Frognøy, Ringerike. No. 65 196, 
Pal. Mus., Oslo. Stoltz Colt. 

Fig. 3. Tretaspis seticornis hadelandica n. var. 3 X. Cephalon, antelateral 
view. Upper part of Tretaspis Shale (4 ca), railroad section near Bekkeli, S of 
Lunner, Hadeland. No. 65 183, Pal. Mus., Oslo. Størmer coll. 

Fig. 4. Tretaspis seticornis hadelandica n. var. 3 X. Cephalon, antelateral 
v.iew. Holotype. Gagnum Limestone(?), S of Gagnum, Gran, Hadeland. No. 
65 187, Pal. Mus., Oslo. Størmer Coll. 

Fig. 5. Tretaspis ceriodes angelini Størmer. 3 X. Cephalon, antelateral 
view. Holotype. Upper Chasmops Limestone (4b<5), Terneholmen, Asker by Oslo. 
No. H 526, Pal. Mus., Oslo. Kiær coll. 

Fig. 6. Tretaspis ceriodes (Angelin). 3 X· Cephalon, antelateral view. 
Neotype. Upper Chasmops Limestone (4 M), Norderhov, Ringerike. No. H 381. 
Pal. Mus., Oslo. Størmer coll. 

Fig. 7. Tretaspis ceriodes (AngeLin). 3 X. Cephalon, antelateral view. 
Gagnum Shale (6 m below the Gagnum Limestone), E of Gagnum, Gran, Hade
land, No. 65 189, Pal. Mus., Oslo. Dons coll. 

Fig. 8. Tretaspis ceriodes donsi n. var. 3 X. Cephalon, antelateral view. 
Holotype. Gagnum Shale. (16 m below the Gagnum Umestone), N slope of 
Gamme Hill, Gran, Hadeland. No. 64 747 Pal. Mus., Oslo. Dons coll. 

Fig. 9. Tretaspis latilimba Linnarsson. 3 x. Cephalon, antelateral view. 
Tretaspis Limestone (4 c{J), Lindøy, Oslo. No. 11 751 Pal. Mus., Oslo. Brøg
ger colt. 

Fig. 10. Tretaspis latilimba brøggeri n. var. 3 X. Cephalon, antelaterai 
view. Holoty.pe. Gastrapod Limestone (5 a), Skjærholmen, Bundefjord by 
Oslo. No. 11 957 Pal. Mus., Oslo. 

Fig. I l. Tretaspis kiæri Størmer. 3 x. Cephalon, anterior view. Gag
num Shale, E of Gagnum, Gran, Hadeland, No. 65046 Pal. Mus. Oslo. 
Dons Coll. 

Fig. 12. Tretaspis kiæri Størmer. 3 X. Cephalon antelateral view. Top 
1ayer of Upper Chasmops Limestone (4 b<5). Frognøy, Ringerike. No. H 353 
Pal. Mus. Oslo. Kiær colt. 
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Pl ate I l  

Fig. 1-5. Chasmops maximus Schmidt. 1.5 x. Tretaspis Shale (?), 
railroad section by Flatla N of Lunner, Hadeland. Holtedahl coll. Fig. l = 
cephalon, No. 35006; fig. 2-5 = pygidiæ; Nos. 35 1 17, 34 988, 35 140 Pal. 
Mus., Oslo. Fig. 2.3 = wax casts. 

Fig. 6-8. Reacalymene l?) holtedahli n. sp. Fig. 7 = l X, fig. 6, 8 = 
1.5 X. Up per part of Tretaspis Shale ( 4 ca), railroad section near Bekkeli S 
of Lunner, Hadeland. Størmer co li. Fig. 6---7 = cranidiæ No. 65 195, 65 19Q; 
fig. 7 = holotype, No. 65 192; fig. 8 = pygidium, No. 35 068 Pal. Mus., Oslo. 

Fig. 9. Calliops ( ?) sp. 1.5 X. Pygidium. Upper part of Tretaspis 
shale (4 ca), road section where the road to Sand passes below the railroad 
S of Lunner, Hadeland. No. 35 092 Pal. Mus., Oslo. Holtedahl coll. 

Fig. 10. Lonchodomas alf. rostratus (Sars). 1.5 X. Cranidium. Tretas
pis Shale (?), railroad section by Flatla, N of Lunner, Hadeland. No. 35 139 
Pal. Mus., Oslo. Holtedahl coll. 

Fig. Il. Jsotelussp. 1 x. Free cheek. Upper part of Tretaspis Shale (4ca), 
railroad section near Bekkeli, S of Lunner, Hadeland. No. 65 197 Pal. Mus., 
Oslo. Størmer coll. 

Fig. 12, 13. lllænus glaber Kjerulf. 1.5 x. Cranidium. Tretaspis Shale (?), 
railroad section by Flatla, N of Lunner, Hadeland. No. 35 151 Pal. Mus., Oslo. 
Holtedahl coll. 

Fig. 14. Encrinurus laurentinus Twenhofel. 3 X. Pygidium. Upper 
part of Tretaspis Shale (4 ca), road section where the road to Sand passes 
below the railroad S of Lunner, Hadeland. No. 35 059. Holtedahl colt. 
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Pl a t e  I l l  

Fig. 1-10. Chasmops eichwaldi Schmidt. From the upper part of the 
Tretaspis Shale (4 ca). 

Fig. 1-5 = cephalon, 1.5 X. Railroad section near Bekkeli, S of Lunner, 
Hadeland. No. 65 188 Pal. Mus., Oslo. Stormer coll. l, 2, 4 = dorsal, lateral, 
and anterior view; 3 = ornamentation of gen al spine, l O X ; 5 = lateral view 
of Jeft eye, 5 X. 

Fig. 6-8 = pygidiæ, 1.5 x; 8 = lateral view. Road section where the road 
to Sand passes below the railroad S of Lunner. Nos. 35 060, 65 180 Pal. Mus., 
Oslo. Holtedahl coll. 

Fig. 9 = cephalon, 1.5 x. Railroad section Roa-Grindvold. No. 35 108 
Pal. Mus., Oslo. Holtedahl coll. 

Fig. 10 = cephalon, )..') x Railroad section near Hekkeli, S of Lunner. 
No. 65 203 Pal. Mus., Oslo. Stormer colt. 
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Pla t e  I V  

Fig. l, 5. Cybele (Cybeloides) sp. 3 X. l = pygidium, 5 = cephalon. 
Gagnum Shale (6 m below the Gagnum Limestone), E of Gagnum, Gran, Hade
land. Nos. 65 137, 65 145 Pal. Mus., Oslo. Dons coll. 

Fig. 2-3. Calyptaulax norvegicus n. sp. 3 X. 2 = cranidium, holotype. 
Gagnum Shale, SW shore of Rokotjern, Gran, Hadeland. No. 65 H8 Pal. Mus., 
Oslo. Dons coll. 3 = pygidium. Gagnum Shale (6 m below Gagnum Lime
stone), E of Gagnum, Gran, Hadeland. No. 65 128 Pal. Mus., Oslo. Dons. coll. 

Fig. 4. Remopleurides latus granensis n. var. 3 X. Cranidium, holotype. 
Gagnum Shale, NE shore of Rokotjern, Gran, Hadeland. No. 65 082 a Pal. 
Mus., Oslo. Dons coll. 

Fig. 6. Encrinurus sp. 3 x. Fragment of cranidium. Gagnum Shale, 
NE shore of Rokotjern, Gran, Hadeland. No. 65 18 1 Pal. Mus., Oslo. Dons coll. 

Fig. 7-9. /llænus parvulus Holm. 3 X. 7, 8 = Cranidium; 8 = lateral view. 
Gagnum Shale (6 m below Gagnum Limestone), E of Gagnum, Gran, Hade
land. No. 65 142 Pal. Mus., Oslo. Dons coll. 9 = thorax and pygidium. 
Gagnum Shale, NE shore of Rokotjern, Gran, Hadeland. No. 65 182 Pal. Mus., 
Oslo. Dons coll. 

Fig. 10. Calyptaulax sp. 3 x : Pygidium. Gagnurn Shale, NE shore of 
Rokotjern, Gran, Hadeland. No. 65 087 Pal. Mus., Oslo. Dons coll. 

Fig. Il, 12. Stygina latifrons Portlock. 3 X. Cep:halon and pygidium. 
Gagnum Shale (11 = 6 m below the Gagnum Umestone), E of a Gagnum, 
Gran, Hadeland. Nos. 65 123, 65 190 Pal. Mus., Oslo. Dons coll. 

Fiig. 13>, 14. Chasmops sp. 3 X. 13 = cephalon. Gagnum Shale, 
NE shore of Rokotjern, Gran, Hadeland. 14 = pygidium. Gagnum Shale, SW 
shore of Rokotjern, Gran Hadeland. Nos. 65 082 b, 65 194 Pal. Mus., Oslo. 
Dons coll. 

Fig. 15. Platylichas laxatus (McCoy). 3 x. Pygidium. Gagnum Shale, 
NE shore of Rokotjern, Gran, Hadeland. No. 65 095 Pal. Mus., Oslo. Dons coll. 

Fig. 16. Tretaspis ceriodes (Angelin). 3 X. Complete specimen. Gag
num Shale (6.5 m below the Gagnum Limestone), E of Gagnum, Gran, Hade
land. No. 65 193 Pal. Mus., Oslo. Dons coll. 
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