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Volborthella tenuis Schmidt was reported from a few sections in the MjØsa 
area, southem Norway. Occurrences are confirmed except at the classic 
Tømten locality at Ringsaker. Laminated layers form the principal parts of 
the fossils, and are composed mainly of quartz and rare grains of light and 
dark minerals, all of nearly uniform silt size; grains are cemented by calcite 
and perhaps clay. The mode of life of Volborthella is enigmatic. Specimens 
are incomplete, modified by solution and transport. Rare specimens show 
aligned clay particles parallel to the outer edge of the laminated region, sug
gestive of filling of a dissolved outer conch. The remnant outer conch sug
gests that specimens of V. tenuis may be diagenetically modified and that the 
genus is not greatly different from Salterella. 
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Although the Early Cambrian Volborthella tenuis Schmidt, 1888, first de

scribed from Estonia, is repeatedly cited in summaries of Norwegian Cam

brian stratigraphy, it has only been described twice (Braastad 1915: 9, Kiær 

1916: 27). Both descriptions date from a time when Volborthella was con

sidered to be a cephalopod and reflect this notion; neither work has accept
able illustrations by current standards. It is appropriate to redescribe ma

terial collected earlier and housed in Paleontologisk museum in Oslo to 

place the occurrence and morpho1ogy of the species on a firmer basis. 
Most thin sections used were made by Mr. William Pinckney, U.S. Geo

logica1 Survey, Washington, D.C.; a few older thin sections found in the 

collections were probably made prior to 1940. Photographs were taken by 

Mrs. B. M. Messel, Paleontologisk museum. A temporary transfer of head

quarters to Oslo allowed Y ochelson to conduct this research. 

Stratigraphic and geographic occurrence 

Volborthella tenuis was first described from Norway by Braastad (1915), 

who discovered the 'Discinella holsti fauna' on the west side of the lake 

Mjøsa, 4 km north of Gjøvik. He found Volborthella in green shale along 

the river Bråstadelva and its tributary Sæterelva. The area was re-examined 

by Vogt (1924), who grouped the exposures into a 'nedre profil' (lower sec-
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tion) and 'øvre profil' (upp�r section) along Bråstadelva and two sections 

along Sæterelva. Only the last did not yield Volborthella. . 
In the upper section along Bråstadelva, Braastad reported V olborthella 

both from green shale above and from five meters of green shale below thin 

beds of sandstone intercalated by green shale. The second highest sandstone 

bed yielded Discinella, and Braastad (1915: 9, 15) regarded both fossils as 

occurring in the lower part of the green shale. Because of local faulting 

Vogt found that Braastad was mistaken that green shale occurred strati

graphically below the sandstone beds. The lowest of Braastad's sandstone 

beds is the characteristic basal sandstone capping the Ringsaker Quartzite, 

but displacement along faults in parts of the discontinuous section placed 

green shale topographically below the basal sandstone (Vogt 1924: 310, 312, 

fig. 16). Vogt reported Volborthella from downfaulted shale and from this 

same unit 5-8 m above the basal sandstone. He found four, not three, thin 

sandstone beds above the basal sandstone and estimated the sequence of 

these sandstones and intervening shales to be about 1,2 m thick (Vogt 1924: 

320). 

Vogt (1924, 368) separated a 'Basal sandstone etc. with Discinella Holsti' 

from the overlying 'Green shale with Volborthella tenuis', recognizing that 

V olborthella occurred in younger beds. The Norwegian Discinella is now 

assigned to Mobergella (see Bengtson 1968, for its morphology). 

Examination by Griffin & Y ochelson of the upper section along Bråstad

elva revealed one thin bed containing Volborthella in a sequence of shale 

some 15 m thick. As noted by Vogt, local faults have disturbed the strata, 

but it is estimated that in the Bråstadelva section, Volborthella occurs 5 to 

10 m above the thin sandy bed with Mobergella. Vogt (1924: 310) reported 
Volborthella from about 14-17 m a:bove the basal sandstone in the lower 

section along Bråstadelva, and from about 17 m above the basal sandstone 

in the lower section along Sæterelva. 

A greater thickness of green shale is exposed in the upper section along 
Sæterelva, but a considerable part of the sequence above the basal sand

stone is not exposed, and Volborthella has not been recorded. Fossils of the 

'Holmia fauna' occur high up in the shale, and both Braastad (1915: 9) and 

Vogt (1924: 325) regarded the 'Holmia shale' as younger than the 'Volbort

hella shale', but did not leave out of account the possibility that Volbort

hella might also occur as high as the 'Holmia shale'. 

Green shale containing V olborthella is exposed 30-55 km north west of 

Gjøvik, in an area from Snertingdalen through Torpa and northwards along 

the river Dokka (Braastad 1915: 10). Braastad noted that fossils collected 

by Th. Miinster and asigned to Torellella (Miinster 1901) or Hyolithes (on 

labels) actually belonged to Volborthella. The material he re-examined was 

from the farm Frøysland in Nordtorpa about 50 km northwest of Gjøvik. 

Braastad further suggested that material assigned to Torellella and Hyolithes 

from other localities in the area (Miinster 1901 :23) might also belong to Vol

borthella. Vogt (1924: 334) was of the same opinion and also identified Vol-
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borthella in a thin section from Miinster's locality Mannstadsæter at Dokka. 

Other Miinster localities are Bordbekken south of Finni in Østtorpa, at 

Kvanlia sæter, and on the top of Skjervungsfjellet. These Early Cambrian 

localities apparently have not been reinvestigated in detail since Miinster's 

original work. It may well be that they too contain Volborthella. Specimens 

of Hyolithes, Volborthella, and Torellella are not always easily distinguished 

even with sections; misidentification on Miinster's part is understandable. 

We have examined a few thin sections, but have not visited the outcrops in 

this area. 

West of Gjøvik, Volborthella has been reported from Lauselva near Hov 

i Land and near Gåstjernet (Skjeseth 1963:48). 

In the eastern Mjøsa districts, Skjeseth (1963:39-44) recorded Volbort

hella tenuis from three localities in the Nes-Hamar area: at the farm 

Tveter in Nes, at Helleberget in Furnes, and from the middle part of a grey 

shale with interbedded sandstone benches near Brennsætersag at the river 

Flagstadelva. Griffin & Y ochelson found the shale at Brennsætersag to be 

about 9 m thick, a few beds 3-4 cm thick being more silty. One of these 

silty beds, 3 m below the Middle Cambrian Alum Shale, yielded Volbort

hella. According to Skjeseth (1963:41), the base of the Alum Shale is a 15 

cm thick fossi1iferous conglomerate overlying the shale with a markedly 

angular disconformity. Both the Holmia Shale and overlying Strenuella 

Limestone are thus missing. 

In localities noted above, Volborthella is not associated with the 'Holmia 

fauna'. However, Kiær (1916:95) reported rare V. tenuis as part of the 

'Holmia fauna' at Tømten in Ringsaker, on the east side of Mjøsa; this oc

currence is not confirmed. Kiær (1916), like Braastad (1915) and Vogt 

(1924), regarded the green shale containing the 'Holmia fauna' as younger 

that the green shale yielding only V olborthella. 

Vogt (1924: 324, 368) stressed eastern and western facies in the Lower 
Cambrian of the Mjøsa districts; above a basal sandstone unit the western 

facies was a green shale containing V. tenuis, whereas the eastern facies was 
a sandstone and green shale containing Platysolenites and trails, both facies 

being overlain by green shale containing Holmia kjerulfi. The occurrence of 

Platysolenites in northern Norway has been documented by Hamar (1967), 

but material from the Mjøsa district has not been restudied and only one 
specimen has been hitherto illustrated (Vogt 1924, fig. 4). 

Skjeseth (1963: 46) considered the Cambrian and especially the Early 

Cambrian to have facies beits running generally northjsouth rather than 

eastjwest, but warned against making sweeping conclusions on the basis of 

limited and strongly tectonized outcrops. He distinguished the Bråstad Sand

stone containing Mobergella holsti or Platysolenites from the overlying 

Bråstad Shale containing Volborthella tenuis and Callavia, succeeded by the 

Holmia Shale and Evjevik Limestone (Strenuella Limestone). He thus sup

ported Vogt (1924) in regarding Volborthella as younger than Mobergella. 

The Bråstad Sandstone comprises both Vogt's 'Basal sandstone etc. with 
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Discinella ho/sti' and 'Sandstone and green shale with Platysolenites anti

quissimus and trails'. Vogt (1924: 338) regarded Platysolenites ås younger 

than Mobergella and contemporaneous with Volborthella. Skjeseth (1963: 

48) pointed out this was due to Vogt's erroneous impression that Platysole

nites and V o/bort hella occurred together in Estonia. 

In Sweden, Volborthella was described from � boring at File Haidar in 

Gotland by Thorslund & Westergård (1938: 23, pl. l, figs. 4-13) and re

corded from a boring at Boda Hamn in bland by Hessland (1955: 66, 93). 

Mo berg (1892: 118) mentioned V o/bort hella in an erratic boulder on bland 

and possible occurrences in other localities on both sides of Kalmarsund. 

The fossil has also been recorded from Viistergotland (anonymous 1895: 

508, Westergård 1931: 34, Thorslund & Westergård 1938: 23), but the spee

imens have not been examined in detail (V. Jaanusson, pers. comm., Feb. 

1975). Martinsson (1974) has summarized occurrences in Norway and Swe

den at the various outerops as well as finds of V olborthella in cores from 

other parts of the Norden region. 

Material studied 

The bulk of material available is that collected by Vogt in 1923, from the 

west side of Mjøsa. Other material is present in the collections of Paleonto

logisk museum in Oslo (PMO) but is scarce. 

In the lower section along Bråstadelva, Vogt (1924: 309) reported V. 

tenuis 14-17 m above the base of the section and illustrated a thin section 

(Vogt 1924: pl. 8, fig. 15). Of the rock pieces he collected from 'nedre pro

fil, Bråstadelven', we have made five thin sections from PMO 22498, seven 
thin sections from PMO 22499, two from PMO 22500 used for electron 

probe studies, and five others; five thin sections from PMO 22502, and six 
from PMO 22503, leaving some residue matrix from each. Four small pieces 

Fig. l. A, C- E Volborthella tenuis Schmidt. All photographs are of thin sections, taken 
with nonpolarized light. 

A. Sagittal section, the central tube showing in middle part of specimen. The individual 
is rounded at the apex, the apertural cavity is missing and the sides are straight and 
subparallel, in contrast to the individual shown in Fig. l E. X 20, from 'nedre profil', 
Bråstadelva. PMO 22500-1. 

B. Torellella and a trilobite fragment in section. X 30, from TØmten, Ringsaker. PMO 
24293-1. 

C. Transverse section, the central tube perpendicular to plane of the section. This in
dividual is adjacent to the one shown in Fig. lA. X 20, from 'nedre profil', Bråstad
elva. PMO 25000-1. 

D. Transverse section, slightly oblique, so that central tube appears oval. X 30, from 
'Øvre profil', Bråstadelva. PMO 5742. 

E. Sagittal section, showing the central tube in lower part of specimen. There are 
'white' lines aligned on the right side, except near the upper part of the specimen, and 
similar lines near the apex on the left side. Compare with Fig. 5. X 15, from Frøys
land, Nordtorpa. PMO 5743. 
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in this collection, PMO 22497, 22501, 22504, and 22505, have not been sec

tioned but show specimens on the exterior, although those on PMO 22497 

and PMO 22501 are less convincing than the others. 

Vogt also collected 'Fra skiferen nedenfor Discinella horizonten i nedre 

profil, Bråstadelven' (from the shale below the Discinella horizon in the 

lower section, Bråstadelven) a series of small pieces, numbered PMO 22486-

22496. This is the downfaulted shale that appears to, but does not, underlie 

the Morbergella bed. We can confirm that the 'below' refers to a cleft just 
downstream from a small waterfall, and we obtained Volborthella here 

(PMO 94419, 94421). Three thin sectioQs were cut from PMO 22486 and 

four from PMO 22488. 

There is one thin section associated with PMO 22497 and PMO 22498 

labeled 'Øvre profil, Bråstadelven. Orig. fot. ' (Upper section, Bråstadelven. 

Original of photograph). So far as we know, no photograph was published 

previously. The thin section shows a sagittal sec ti on of V olborthella (Fig. 

l D). We have not examined other material from the upper section at Brå

stadelva (Vogt 1923: 310). 

A few small rock chips were collected by G. Hamar from a roadcut at 

Helleberget, Furnes (Skjeseth 1963: 39). One thin section was cut; spee

imens shown in it are exceedingly poor, but these and scraps on other chips 

confirm the presence of V olborthella. Material collected from Flagstadelva 

is numbered PMO 94422 and PMO 94423; one thin section was cut from 

each. 

From Tømten in Ringsaker we examined specimens figured by Kiær 

(1916: pl. Ill, figs. 9, 9a); these are catalogued as PMO 24299. In addition, 

there is one slab (PMO 24293) collected by Braastad in 1912 at Tømten, 
presumably in the 1.25 m - l. 75 m interval a bo ve the base of the section. 

Four thin sections were cut from this slab for study; none contained Vol

borthella. Only one fragment of a Torellella that is superficially similar to 

Volborthella was seen (Fig. l B). 
Finally there are five thin-sections in an unnumbered lot. Four of these 

are labeled 'Frøisland, Nordtorpen, Th. Mi.inster. 1899'; one of these is la

beled as V. tenuis. 

Fig. 2. Volborthella tenuis Schmidt. All photographs are of thin sections, taken with 
nonpolarized light. 

A. Sagittal section, showing the central tube in part of section, filled with calcite. The 
apical area is round, and the left side is rounded near the apertural cavity. X 30, from 
'nedre profil', Bråstadelva. PMO 22503-1. 

B. Sagittal section, showing the central tube opening into the apertural cavity and the 
sides diverging uniformly; the apex is broken. Compare this shape with that of Fig. 2 A. 
X 30, from 'nedre profil', Bråstadelva. PMO 22499-1. 

C. Four specimens approximately oriented and approximately in sagittal view. All ap
pear to have the external shape modified, with the specimen at top of photograph being 
!east affected. X 30, from 'nedre profil', Bråstadelva. PMO 22499-5. 
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Laminations and central tube 

Norwegian specimens of Volborthella show laminations composed of light 

and dark mineral grains and having a high degree of individual variation. 

It is difficult to count individual laminae, but some larger specimens appear 

to have between 50 and 75 laminae preserved (Fig. l E, fig. 5). 

The laminae may appear either predominantly light or dark in color, but 

scattered indiscriminately (Fig. 2 A, B). Grains forming the laminae are 

primarily of quartz in sharp angular shapes (Fig. 3 B). Feldspar and quartzo

feldspathic rock fragments are also well represented. The silt grains com

monly show a strong preferred dimensional orientation that helps to define 

the laminated structure. Flakes of biotite, muscovite, and possibly chlorite 

also lie parallel to the laminations. Accessory minerals include sulfides, zir

con, sphene, and tourmaline. 

Specimens show a longitudinal central tube now filled with either carbon

ate, clay, or a mixture of clay and silt (Fig. l A, C, D). Laminae are inclined 

at a large acute angle to the tube (Fig. l E) and are stacked atop one an

other around it in what might be loosely termed a biological cone-in-cone 

structure. The tube is of nearly constant diameter and is continuous where 

observed (Fig. 3 A, C; Fig. 4 B), but the apical part of specimens is broken, 

and it is impossible to prove it was closed at that end. Observation of the 

tube depends on the thin section bisecting the laminations (Fig. 3 C). 

There is marked contrast in grain-size distribution between specimens and 

matrix. Some specimens are in a clay-sized matrix containing scattered 

floating silt-size grains (Fig. 4 B) and others are in a clay-silt mixture (Fig. 

2 C). A few are in a silt to fine sand-sized matrix. Regardless of grain-size 
distribution in the matrix, the laminated grains are uniformly of a fine silt 

size. 
Even though there probably was some transport of organisms after death, 

grains found within the laminae are comparable in mineralogy to those in 

the matrix; pyrite is sparse in the sediment and quite rare in the laminae. 
However, glauconite pellets are abundant in the matrix, but no glauconite 

Fig. 3. Volborthella tenuis Schmidt. All photographs are of thin sections, taken with 
nonpolarized light. 

A. Sagittal section, the central tube shown in upper part of section. The outer edges are 
strongly modified and curve inward; compare with Fig. 4A . X 30, from 'Øvre profil', 
Bråstadelva. PMO 22488-3. 

B. Oblique sagittal section, showing the contrast between grains forming laminae to the 
matrix. Even allowing for the oblique angle the specimen appears to be rounded; the 
apertural ca vi ty is quite shallow with reference to Fig. 3 A. X 30, from 'nedre profil', 
Bråstadelva. PMO 22499-3. 

C. Three specimens aligned in essentially a sagittal section and a tiny specimen at right 
angles to the upper right. There is a difference in the apertural cavity of all specimens, 
and the small specimen to lower left shows differences on the right and left sides. 
X 15, from 'nedre profil', Bråstadelva. PMO 22500-2. 
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has be;;n observed within the laminations. In thin section, some silt layers 

are strongly deformed. These structures are best interpreted as slumping 

folds and imply that the sediment was poorly consolidated and unstable 

when first deposited. Some of the specimens show min or faulting (Fig. 4 B). 

Clear carbonate cement, containing up to 50 % carbonate binds grains 

forming the laminae, as shown by microprobe examinations. The calcite 

cement is often poikilitic - in optical continuity over relatively large areas -

even though apparently fine grained. Calcite also appears to etch the bound

aries of quartz grains. The calcite cement shows a definite lamellar distribu

tion; layers of 'deaner' calcite alternate with layers of silt-sized grains ce

mented by calcite. Parts of some specimens contain clays and tiny flakes of 

mica (biotite and muscovite) instead of carbonate, between laminae of 

grains. Flakes are oriented parallel to the laminations and appear to be part 

of the original detrital assemblage which may have served to cement be
tween laminae. In addition to the irregular alternation of carbonate or clay 

cement, mucus or some other organic substances might have been laid down 

to bind the layers. Schindewolf (1934: 179-180) reported pyrite within spee

imens that he examined. We have not found any except as rare detrital silt

sized grains and see no evidence to suggest that organic material was present 

between the grain 1ayers. 

The presence of carbonate within the laminations may be primary, as in 

the Early Cambrian Salterella rugosa (Griffin & Yochelson 1975) or may be 

secondary. The evidence is much in favor of primary carbonate. First, there 

is a strong textura1 simi1arity between the laminae of Volborthella and those 

of Salterella (Yochelson et al. 1970, Griffin & Yochelson 1975). Second, ap

parent rigidity of the test, discussed below, implies that the grains were 
strongly cemented prior to death of the organism. Third, the lamellar dis

tribution of the carbonate suggests secretion rather than later cementation, 

as the carbonate now separates the dimensionally oriented silt grains just 

where they would have been in closest contact if they had been deposited 

directly against one another. Fourth, glauconite and pyrite are abundant in 

the matrix, suggesting a reducing environment inimical to deposition of cal

cium carbonate. Indeed, no carbonate has been identified in any thin sec

tion outside of the laminations, even though well-sorted silty layers may be 

present. 

Fig. 4. Volborthella tenuis Schmidt. All photographs are of thin sections, taken with 
nonpolarized light. 

A. Sagittal section of a strongly modified specimen cut 'paraBel to the central tube but 
not intersecting it; the apical part of the specimen is broken away, and the start of this 
irregular break may be seen in the upper right corner. X 30, from 'Øvre profil', Brå
stadelva. PMO 22488-2. 

B. Section showing seven specimens, mainly in sagittal section, two showing the central 
tube. Several have the external shape strongly modified. Five are aligned in one direc
tion, and one is at right angles to these. X 15, from 'nedre profil', Bråstadelva. PMO 
22499-2. 
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Altematively the carbonate cement could be of secondary (diagenetic) 

origin; where only some of the laminae are cemented by carbonate, these 

were more favorable to cementation than others. The cement could have 

replaced organic matter, secreted by the animal to consolidate the laminated 

structure. Carbonate cement may have been precipitated after a conch was 

dissolved as discussed below and after the resulting void was filled in. This 

might explain why an inferred carbonate conch is always missing, even 

when carbonate 'cement' is present. Furthermore, the 'soft deformation' of 

several specimens can hetter be explained it it took place prior to carbonate 

cementation, implying that the animal did not secrete carbonate cement. 

One of us (G.H.) considers that the available data are not sufficient to dem

onstrate that the carbonate is a primary deposit, whereas two of us 

(E.L.Y., W.L.G.) believe that the evidence does support that conclusion. 

The conch and death assernblage of specirnens 

Whether fossil remains constitute unaltered hard parts of a former living 

organism, and whether it was collected in situ, are issues continually faced 

in paleontology. Even under the best conditions of preservation minor 

changes of mineral composition and position must have taken place; in a 

narrow sense, essentially every fossil has been moved - if only by compact

ion - and modified - if only by organic acids from decay of soft parts. In 

a broader sense, the problem is whether movement andfor modification has 

affected fossils to a major or minor degree. We conclude that there has 

been some transport of the material at hand, and for most specimens that 

there has been major modification, including total loss of an outer conch. 
Loss of the conch is not necessarily a result of transport, and the two fac

tors should be considered separately. 

In longitudinal (sagittal) section, Volborthella specimens appear as layers 

of grains within a narrow elongate rhomboid; still hetter, they are like an 
acute triangle commonly lacking the apex. Specimens show considerable 

variation in outline. Of course some variation in shape can be attributed to 

the angle at which a fossil lies in a thin section, but even in sections that 

show the central tube and are almost perfectly longitudinal, the upper part 

may be uniform! y inclined (Fig. 2 B), distinctly rounded (Fig. 3 A) or irreg

ular (Fig. 5). The triangular shape is blunted in a variety of ways (Fig. 2 A, 

B). The outer edges diverge, but a few specimens are irregular in this fea

ture (Fig. lE) and may even have the sides subparallel (Fig. 4A). This 

variation is easily interpreted as loss of some material aperturally, apically, 

and peripherally to a central tube. 

The possibility of an original irregular outer wall in the form of organic 

sheath cannot be directly disproved from the bulk of the material. An or

ganic wall may have been present, against which laminae were deposited. 

Poor preservation of many Volborthella neither supports nor refutes this 

notion. 
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Fig. 5. Volborthella tenuis Schmidt. Photographs of thin section taken with nonpolarized 
light. 

A large specimen in sagittal section; a short segment of the central tube, apparently 
partially eroded, opens into the modified apertural cavity. The clayey 'jacket' is on 

both sides of the section, but is seen best below where orientation of clay flakes and 
occasional silt-sized grains is parallel to side of specimen. The upper part to left is 
rounded. The apex is broken away with the part to upper right cut off to fit photo
graph to correct size. X 15, from Frøysland, Nordtorpa. PMO 5744-1. 

The best preserved shells show accumulations of pyrite grains in the cen
tral tube, in the apertural cavity, spilling out of the cavity, and occasionally 
about a quarter of the way down the outer wall (Figs. 2 B, 3 B). This is 
identical with the pattern of sulfide distribution in and around Salterella ru

gosa from Greenland (Griffin & Yochelson 1975). Possibly this represents 
the original distribution of soft parts. Conversely, lack of sulfides along the 
remainder of the outline would then be evidence against the existence of a 
mucus conch inside which grains were laminated. 

In addition, the best preserved specimens, and a few others are jacketed 
by a thin (up to O.l mm) zone of material differing considerably in texture 
and mineralogy from the surrounding matrix (Fig. 5). It is generally com
posed dominantly of clay and contains minor amounts of silt grains. The 

clay flakes, and even the small silt grains, are dimensionally oriented sub
parallel to the outer edge of the stacked laminae and diverge with reference 
to the central tube. On specimens where the laminations are slightly de
formed, this clay jacket is also deformed parallel to the outer edge of the 
lamination, as though it were a part of the original organism. The clay 
jackets may represent casts after dissolved calcareous conchs. These 'clay 
shells' would survive as long as the test was not eroded and redeposited, and 
as long as the sediment was not significantly deformed. The evidence for 
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calcite cementation of the laminations, as discussed above, may also be in
direct evidence for the existence of a mineralized conch. If the organism 
was secreting carbonate between laminae, there would appear to be no 
physiological reason why it could not do tbis on the exterior; it seems la
bored to postulate an organic outer tube. 

Finally, the thickness of the jacket, relative to size of the laminations, is 
similar to that of the conch in Saltere/la. W e conclude that a former rigid 
conch, most likely of calcium carbonate, has been rem o ved from V olbort

hella specimens. We envisage that is was removed posthumously when the 
shell was shallowly buried in a slurry of mud containing a low pH. 

After solution of the outer conch, many specimens were exhumed and 
transported an unknown distance. This is demonstrated in most specimens, 
particularly by the irregularity of form. Commonly, the apertural area and 
apex are affected. However, specimens retain their inner shape no matter 
to what degree the exterior is modified. If solution of lamination cement had 
taken place during solution of the conch, even slight movement would 
strongly affect the shape and the specimens would simply be a pile of iso
lated grains. Most specimens lack a clay jacket. Although its absence may 
indicate movement prior to final deposition, formation of this jacket was 
dependent on filling of a mold left by solution of the conch and need not 
have occurred in every instance. 

Because of their elongate conical shell, specimens could have rolled near
ly as well as cylinders, so that a relatively slight current may have moved 
them. Most specimens are of approximately the same width at the apical 
area, the apex itself being lost. If this loss were simply the result of a solu
tion of bonding calcite, one would hardly expect it to occur at the same 
place in many shells. 

Relative to species of Saltere/la of the same size, such as Saltere/la conu

lata Clark, the apertural cavity is shallow; even granting same differences 
among species, this ca vi ty seems truncated (Figs. l A, 3 C, 4 A); Yochelson 
(1970) showed photographs of a deep cavity in that species, with the la
minae, formed of calcium carbonate, sweeping far forward; Lochman (1952: 
85-86) indicated that in S. mexicana the ·apertural cavity was half the total 
length. Finally, a few of the specimens show the walls to be curved inward 
at the apertural end of the specimen. W e see no other explanation for this 
except post mortem modification (Fig. 3 A). 

Griffin & Yochelson (1975) showed that the laminae of grains in Salte

re/la rugosa were cemented in place by calcium carbonate, present now as 
calcite. In the specimens they studied, this calcite was thicker near the re

crystallized calcite wall. Solution of same of this calcite would further ac
count for the ragged outline of many Volborthella. Although this may be a 
plausible argument to account for the features observed, it may also be 
judged as circular reasoning. 

Independent evidence of post mortem movement is shown by the occur
rence of same clumps of fossils, because one consequence of transport is 
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orientation of specimens. In the one thin section of V. tenuis figured by 
Yochelson et al. (1970: pl. l, fig. 4), specimens are crowded together, and 
there are two preferred directions of orientation more or less at right angles. 
This is seen in a striking manner on the slab illustrated by Schindewolf 
(1934: pl. 17). Most Norwegian sptcimens are isolated, and seldom is more 
than one in a thin section. Seveml small accumulations give a suggestion of 
preferred direction of orientation (Figs. 2 C, 3 C, 4 B). Individuals in these 
aggregations are composed only of laminations and show a high degree of 
individual variation in external shape. 

Possible mode of life 

It is exceedingly difficult to determine the mode of life of V olborthella. 

There do not appear to be any living forms that approximate its structure 
and shape and that could be used as models, though Glaessner (1976) has 
compared it to several annelid worms and judges that it too was an annelid. 

Protoplasm is slightly lighter then water, and one may always hypoth
esize an unknown floating animal with the small tube of grains used to pro
vide stability. This appears most unlikely! One of the most convenient argu
ments which may be raised against it is the problem of a source for the 
grains. At the other extreme we do not judge V olborthella to be a burrow 
that is filled in. None are found in situ, and the size is small and consistent. 
There is no irregularity in spacing of laminae. We believe that the animal 
included a conch of some sort rather than that the remains are a burrow. 
The question is whether it was mobile or sessile. 

If Volborthella was part of the mobile benthos, the animal crawled either 
apex upward or with the tube subparallel to the bottom. Nothing of what is 
known suggests that there was any gas-generating mechanism to lighten the 
shell. An apex in upward position combined with grain infilling of the tube 
seems implausible. Still, if the conch were dragged, the radial symmetry 
present a problem. A few species of Salterella are slightly curved but they 
only deviate a bit from radial symmetry. 

Volborthella could have lived apex downward in soft sediment as has 
been suggested by Glaessner (1976: 241, fig. l A). In this mode of life, one 
can hypothesize following Glaessner that the inner laminations function in 
providing weight to keep the tip in the substrate. If there is any validity to 
this interpretation, the conch was partially buried, neither balanced on the 
tip nor totally imbedded. As a counter argument, we are at a loss to see how 
a sessile organism could select grains of such a narrow size range, for it 
would imply life in a region that had current or wave action strong enough 

to keep silt in constant suspension. 
We cannot at this time decide conclusively between a slightly mobile or a 

sessile mode of life for Volborthella though the former appears more likely. 
Neither precludes an organic walled tube, but we suggest that there would 
be greater irregularity with reference to a central tube if laminae were built 



148 E. L. YOCHELSON, G. HENNINGSMOEN & W. L. GRIFFIN 

inside a flexible tube. The evidence of clay infilling the mold of a calcareous 
conch is subject to alternative explanations, but such infilling would not 
have occurred if Volborthella was a burrow filling. 

Discussion 

In re gard to local stratigraphy, we find the occurrence of V o/bort hella in 
the Gjøvik and Hamar areas well founded; in contrast, its occurrence at 
Tømten, Ringsaker, rests on tenuous grounds. Kiær (1916: pl. 3, fig. 9) il
lustrated a single specimen showing part of the exterior. lts surface is 
smooth, whereas Volborthella specimens from Bråstadelva are not. It is a 
rusty yellow, characteristic of many trilobite fragments from which the 
carapace has been removed. The widest part of the specimen is distinctly 
flattened rather than round. We are convinced that this is not a Volbort

hella, but short of sectioning the unique specimen, we cannot conclusively 
prove misidentification. It is much more readily interpreted as a filling of a 
fragment of a trilobite spine, or less likely, a hyolithid. In passing, it may be 
noted that Hyolithes concentricus Kiær is, without question, based on a tri
lobite spine. 

The four thin sections cut from a slab collected at Tømten by Braastad 
and ipentified as containing V. tenuis show no examples; trilobite fragments 
and some Torellella are present. In section, some of these fossils mimic the 
conical shape of Volborthella, but none show the inner lamination. 

Until additional specimens may be found at Tømten, we conclude that 
Volborthella is confined to a lower zone. Separation by Skjeseth (1963) of 
the Bråstad Sandstone, assumed to carry Platysolenites, from the overlying 
Bråstad Shale containing Volborthella, places the faunal succession in Nor
way in the same sequence and the strata in the same order of magnitude of 
thickness as is found in the Early Cambrian of Estonia. Although V o/bort

hella may range higher in the section, currently it is limited to only part of 
the Holmia series and thus might aid more precise correlations. 

Martinsson (1974:241-242) noted that in the subsurface of Latvia, Platy

solenites and Volborthella are reported to overlap in range. He further cau
tioned that differences between occurrences of V o/bort hella and M oberg

ella may relate to facies rather than to age. V o/bort hella has at least poten
tial utility as a guide fossil to rocks of late Early Cambrian elsewhere in 
Norway. It should be searched for in northern Norway above beds contain
ing Platysolenites. Specimens may be able to withstand some degree of 
metamorphism. Lipps & Sylvester (1968) reported Volborthella in the Uni
ted States from metamorphosed sediments, where it was first noted in thin 
sections because of the unusual accumulation of mineral grains forming the 
laminations (A. G. Sylvester, pers. comm. 1972). 

There is next the question of specific identity of the Norwegian spee
imens. At the time Braastad and Kiær worked, only the type species, V. 

tenuis Schmidt, was known. Yochelson et al. (1970, pl. l, figs. 2, 4, 5) fig-
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ured several topotype examples of V. tenuis, but they did not comment 
upon the species. Schindewolf (1934, pls. 18, 19) illustrated a number of thin 
sections of Estonian specimens, and these showed that the exterior of V. 

tenuis was modified by solution or erosion. The Norwegian and Estonian 
specimens are the same general size, have fairly small grains composing the 
laminae, and have the laminae at about the same angle to the central tube. 
The Norwegian material, in spite of its poor quality, is no worse than that 
of typical V. tenuis and belongs to the same species. 

Schindewolf (1934: 175) recognized an additional species, based on a few 
specimens that were wider than the majority. The Norwegian material indi
cates post mortem modification of the shape of Volborthella. In the face of 
this finding, identification of more than one taxon in the same collection, 
or even from a narrow stratigraphic unit, should be treated with scepticism. 

Finally, there is the significance of diagenetic modification. 
One consequence of plate tectonic theory has been a growing interest in 

former faunal provinces. Except for an undocumented note by Matthew 
(1889) of Volborthella in the 'Atlantic province of North America', and the 
work of Lipps & Sylvester (1968) from eastern California, Volborthella ha's 
been reported only from Europe. In con trast, Saltere/la Billings (1861: 17), 
also of late Early Cambrian age, is widespread in North America, occurring 
also in northern Scotland and Spitsbergen in rocks of 'North American' 
facies (Yochelson 1977). 

This would appear superficially to be an ideal case supporting a Cambrian 
Atlantic ocean but it is a more instructive example of the dangers inherent 
in using old fauna! data. Salterella has been poorly known, but there are 
some close similarities to Volborthella which have not been recognized. The 
rough surfaces shown on the type lot of S. rugosa are caused by loss of an 
outer calcareous shell and differential weathering of laminae (Yochelson 
1977). Yochelson et al. (1970) showed that specimens from western Nevada 
with laminae composed of a variety of mineral grains as in V olborthella 

have the laminae within a calcareous conch; these are hetter preserved 
specimens from the same stratigraphic unit (though from a different age in 
the Nevada-California boundary region) in which Lipps & Sylvester recog
nized Volborthella. Griffin & Yochelson (1975) showed that specimens at
tributed to S. rugosa incorporated large amounts of dolomite crystals into 
the laminae in the absence of other grains in the matrix. The only signifi

cant difference that would then remain between V olborthella and Salterella 

would be if Volborthella built laminae within an organic walled tube rather 
than a calcareous conch (Yochelson 1977). 

Our observations of Norwegian specimens suggest the presence of a cal
careous conch into which the organism placed layers of grains. The colors 
of the Bråstad Shale and the 'Blue Clay' of Estonia are indicative of a re
ducing environment. If Volborthella was exposed to a reducing environment 
after death, solution of the conch would be a logical consequence. There 

may be no major difference between Salterella and V olborthella, a position 
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suggested by Yochelson (1977), who placed Salterella in an extinct phylurn. 
If there is no fundamental difference between Salterella and Volborthella 

there are no faunal province differences, only differences associated with 
shale and with limestone deposition. 

We concur with Glaessner (1976:263) that the remarkable fossil, Campi

tius titanius (Firby & Durham 1974) from the Early Cambrian of eastern 
California, which was interpreted as the dentacles forming the radula of a 
Cephalopoda, is a current-sorted accumulation of Volborthella. The abun
dance of ilmenite and quartz composing their specimens is certainly campa
rable to the grains that we have found in the Norwegian material. Grains 
are not obvious in Firby & Durham's (1974) material but may be seen in 
their pl. l, fig. 7. 

The central tube is not present in the thin sections they illustrated, but 
irregular layering of light and dark constituents matches our Volborthella. 

The authors note that thin sections were difficult to prepare, commonly 
disintegrating during grinding. Carbonates are indicated as absent. If our 
comparison is correct, their specimens had lost most of the bonding cement 
and would have been strongly affected by transportation; and if the indi
vidual grains were loosely bound, there would also be more flattening by 
compaction. Certainly, a great degree of individual variation is present in 
C. titanius. We see nothing about Campitius that cannot be duplicated in 
Volborthella. Should Campitius prove to be a Volborthella, this will further 
demonstrate that there is no geographic separation between Volborthella 

and Salterella. 
November 1975 
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