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The Ryazanian Myklegardfjellet Bed, composed of yellow to greenish plastic clays, is a regional marker 
horizon in central and eastern Spitsbergen, where it occurs just above the boundary between the 
Agardhfjellet and Rurikfjellet formations. Through a combined mineralogical, sedimentological and 
micropaleontological approach, it is demonstrated that the bed was deposited by marine shelf processes 
and subsequently altered by decomposition of the unstable glauconite bearing components. These sediments 
were deposited at the culmination of a shallowing episode in the depositional area. This event marks a 
shift in depositional mode, from predominantly shelf sedimentation controlled by global eustatic sea level 
changes (Late Bathonian-Ryazanian), to a locally regulated, deep sea to shallow shelf-prodeltaic to deltaic 
pattern of deposition (Ryazanian-Hauterivian). 
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Introduction 
The shale- and siltstone-dominated Janusfjellet 
Subgroup in central and eastern Spitsbergen is 
generally about 400m thick and is made up of 
shelf and prodeltaic deposits. The subgroup is 
divided into the Bathonian-Ryazanian (Boreal 
Berriasian) Agardhfjellet Formation and the Rya- 
zanian-Hauterivian Rurikfjellet Formation (Figs. 
1 and 2). Whereas the Agardhfjellet Formation 
consists of dark paper shales and sand/silt-ridge 
deposits of mid to outer shelf affinity, the grey 
shales, silt- and sandstones of the Rurikfjellet 
Formation represent outer shelf to inner shelf, 
prodeltaic depositional conditions (Dypvik et al. 
1991 a, b) . 

The transition between the two formations is 
marked by a 0.5 m to roughly 10 m thick unit 
which in surface exposures is dominated by yellow 
to greenish plastic clay layers. The individual 
layers are commonly coated by iron oxides and 
jarosite. No information is published about the 
subsurface attributes of the bed. This marker 
horizon has been found everywhere in central and 
eastern Spitsbergen (Fig. 1) where the transition 
between the Agardhfjellet and Rurikfjellet for- 
mations is exposed. To date, it has not been 

observed along the western coast (W. Dallmann 
pers. comm. 1991). This thin but distinctive unit 
was originally named the Myklegardfjellet Bed 
by Birkenmajer (1980) with type locality at 
Agardhbukta, and it is referred to the base of the 
Rurikfjellet Formation (Fig. 2). 

Materials and methods 
The field work forming the basis of this study was 
carried out in 1986 and 1987 when a large number 
of localities were investigated in central Spits- 
bergen. Detailed analyses of the Myklegardfjellet 
Bed are presented herein from the well-exposed 
locality at Glitrefjellet, in the inner part of Rein- 
dalen (Fig. 1). 

In the laboratory the clay samples were dried, 
crushed to rock powder and analysed using a 
Philips X-ray diffractometer; both bulk and clay- 
mineralogical analyses were carried out. The 
analyses were run according to the standard 
methods of Brindley & Brown (1980); the results 
are presented in Tables 1 and 2. 

Shale cubes, approximately 2 cm3, were pre- 
pared and embedded completely in epoxy, which 
was cured at room temperature for 24 hours. The 
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Fig. 1. Map of central Spitsbergen showing outcrops of the Janusfjellet Subgroup and some important localities of the Mykle- 
gardfjellet Bed. Inset map: Mesozoic position of Svalbard (area covered by main map boxed). 

specimens were then ground on glass laps with 
increasingly finer grinding powders, finishing with 
a 1 micron diamond paste. Finally, the samples 
were coated with carbon in a vacuum evaporator 
and examined with a scanning electron micro- 
scope (IS1 SS40) in the secondary and back- 
scattered modes. 

For the foraminiferal analysis, shale samples 
were disintegrated in accordance with the so- 
called “kerosene method” (Nagy et al. 1988). The 
dry shale (80-100 g) was soaked in kerosene for 
about 30 minutes. After decanting the kerosene, 
the sediment was boiled in a sodium hydroxide 
solution for 15 minutes or more, depending on the 
degree of consolidation. The plastic clay samples 
were disintegrated by boiling in water with deter- 
gent. For the foraminiferal analyses, the 
>0.125 mm fraction was used. 

Lithology and fauna of the 
Myklegardfellet Bed 

Field occurrence 

The Myklegardfjellet Bed is a soft, yellow to 
greenish clay unit with thicknesses of roughly 0.5 
to 10 m. On the northern slope of Arctowskifjellet 
(Figs. 1 and 3), the bed is up to2  m thick and 
contains a lower (15 cm) and an upper (30 cm) 
clay layer separated by grey shales (Fig. 4). The 
two layers are made up of 5 to 10 cm thick plastic 
clay intervals with yellow/reddish to grey colours, 
separated by grey clay. 

At Lardyfjellet, the bed is a 40cm thick unit 
consisting of white, yellow and green clays, mainly 
reflecting various stages of secondary iron 
oxidation. Scattered coarse sand grains of glau- 
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Fig 2.  Generalised stratigraphy of the Janusfjellet Subgroup. 

Table 1. X-ray diffraction results of bulk analyses of samples from GlitrefjeUet. The measurements have been quantified according 
to Brindley & Brown (1980), and consequently the results are only semiquantitative. Values are in per cent. Position of samples 
shown in Fig. 6. 

Sample Chlorite Smectite/lllite Mite Kaolinite Gypsum Quartz K-feldspar Plagioclase Jarosite 

6 100 
I01 t 6 
102 4 
103 6 
104 + 5 
105 3 + 

- 

- 
- 

6 3  6 32 8 11 28 
6 4  5 35 + 10 34 
3 1  9 32 + 9 42 
+ 4 34 9 47 
6 4  8 44 + + 33 

12 9 - 55 8 13 

- - 

- 
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Table 2. Clay mineralogy of samples from the Glitrefjellet 
section. Fraction (2 pm) is separated out after gently crushing 
the samples. Since the crushing may be of varying degrees, 
and the analyses were semiquantitative, the results are only 
approximate. Values are given in per cent. Position of samples 
shown in Fig. 6. 

Sample Chlorite Smec./Illite lllite Kaolinite 

100 0 36 30 34 
101 0 30 40 30 
102 0 48 33 19 
103 0 45 21 28 
104 0 38 29 33 
I05 18 24 23 35 

At Glitrefjellet (Figs. 5 and 6), the Mykle- 
gardfjellet Bed appears as a 50 cm thick interval 
of plastic, yellowish to light grey clays. Glauconite 
occurs in varying amounts. Enrichments of glau- 
conite are observed also at other localities, e.g. 
at Tronfjellet. There, 70 cm of glauconitic, silty 
clays and siltstones, containing two lOcm thick 
plastic clay layers, are observed. At both Oppdal- 
sAta and Slottsm~ya, grey to yellow and green 
plastic clays make up the Myklegardfjellet Bed. 
Belemnites have been found in this bed at Gli- 
trefjellet and Arctowskifjellet. 

conite have been observed. The reddish brown 
colours seen along the lower and upper contacts 
with the clay beds indicate more extensive oxi- 
dation along the boundaries. 

Foraminiferal content 

In accordance with its marine origin, the Mykle- 
gardfjellet Bed contains foraminifera1 tests at 
each locality analysed for this microfossil group. 
Foraminiferal analyses have been carried out on 
samples from Arctowskifjellet, Janusfjellet, 
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Fig. 3. Photo of the Myklegardfjellet Bed at Arctowskifjellet. 

Fig. 5. Photo of the Myklegardfjellet Bed at Glirefjellet. 
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Fig. 6. Log of the Myklegardfjellet Bed and surrounding strata 
at Glitrefjellet. 

Oppdalshta and Agardhfjellet (Fig. 1). A recent 
study of the foraminiferal faunas from the latter 
three localities (Nagy et al. 1990b) has shown 
that the assemblages of the Myklegardfjellet Bed 

compose mainly a single faunal unit, the Gau- 
dryina aff. milleri Zone, which forms a thin, but 
regionally persistent horizon. 

The foraminiferal faunas of the Janusfjellet 
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consisting almost exclusively of a single species, 
e.g. Haplophragmoides sp. 2 (Nagy et al. 1990b) 
or Recuruoides obskiensis Romanova. 

Subgroup generally consist of agglutinating 
species. Calcareous foraminifera normally occur 
very sporadically, and quantitatively significant 
amounts are recorded only from the Mykle- 
gardfjellet Bed and the upper half of the 
Rurikfjellet Formation in the Agardhfjellet sec- 
tion (Nagy et al. 1988). The Myklegardfjellet Bed 
in that section contains up to 18 foraminiferal 
species, which represent the maximum species 
diversity in the section. The amount of calcareous 
species has its maximum in this bed as well, reach- 
ing 25% of the fauna. At the localities to the 
northwest, the calcareous faunal component is 
strongly diminished and consists only of a few 
specimens, as seen in the Oppdalsata and 
Janusfjellet sections. However, at these localities, 
too, the species diversity in the Myklegardfjellet 
Bed varies significantly; it attains maximum val- 
ues in certain horizons, but is sharply reduced in 
others. 

The foraminiferal assemblages in the Mykle- 
gardfjellet Bed typically exhibit large vertical 
compositional changes, as demonstrated in both 
the Janusfjellet, Arctowskifjellet (Fig. 7) and 
Agardhfjellet sections. These changes are 
expressed by replacement of relatively high diver- 
sity faunas by faunas of extremely low diversity, 
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Textural composition 
Six samples from the Glitrefjellet section were 
studied in great detail in the SEM/BSE analyses 
(Figs. 6, 8 and 9). The samples are enriched in 
glauconite, with the grains commonly floating in 
a feathery-appearing matrix of possible illite/ 
smectite clay minerals. The matrix is rich in iron, 
probably representing altered original glauconite. 
The sample texture is generally irregular with 
a disordered clay-rich matrix between grains of 
authigenic glauconite and clastic quartz and feld- 
spars. 

Samples from the middle part of the Mykle- 
gardfjellet Bed at Glitrefjellet are especially rich 
in glauconite; however, they display broad grain- 
size variations. The glauconite grains are mainly 
angular in shape, with sharp boundaries in contact 
with surrounding pyrite and matrix. Diagenet- 
ically formed pyrite is commonly observed around 
and along fractures within the glauconite grains. 

The two samples analysed from the grey shales 
immediately below and above the Myklegardfjel- 
let Bed (numbers 100 and 105 in Fig. 6, respect- 
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Fig. 7. Distribution of foraminiferal species in the Myklegardfjellet Bed at Arctowskifjellet. 
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Fig. 8. Micrographs of SEM/BSE from the Myklegardfjellet Bed at Glitrefjellet. The glauconitic grains are angular in shape and 
appear unsorted in texture. 

ively) contain hardly any glauconite. These Bulk mineralogical analysis of samples from 
samples also display faint parallel lamination, in Glitrefjellet shows the sediment to be composed 
contrast to the structureless appearance of the of illite/smectite mixed layered clay minerals, 
Myklegardfjellet Bed. quartz, feldspar (both potash and plagioclase) and 
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Fig. 9. Micrographs of SEM/BSE from the Myklegardfjellet Bed at Glitrefjellet, showing feathery-looking clay minerals. 

secondary weathering products such as gypsum 
and jarosite (Table 1). The large amounts of 
secondarily formed weathering minerals reflect 
high degrees of alteration, underlining the dif- 

ficulties in interpreting the origin and formation 
of the Myklegardfjellet Bed. 

The clay mineralogical composition of the 
samples seems complex at first glance, due mainly 
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to large amounts of iron oxides, jarosite and also 
some gypsum, covering the clay minerals and 
hampering the diffraction signals. More detailed 
analyses of the clay fraction shows, however, that 
this is made up of iron-rich illite/smectite mixed 
layered clay minerals, illite and some kaolinite 
(Table 2). The SEM/BSE study and the elemental 
point analyses demonstrate that the iron-rich 
mixed layered clay minerals represent altered 
glauconite (Figs. 8 and 9). The presence of glau- 
conite may also be reflected by the main elemental 
composition, which includes high enrichments of 
Fe, Mg and K. 

Stratigraphical significance of the 
Myklegardfjellet Bed 

Regional extension and formation 

The Myklegardfjellet Bed has been observed 
throughout central and eastern Spitsbergen. Its 
extensive distribution and unusual lithology 
resulted in earlier discussions suggesting a poss- 
ible bentonite or tuff related origin (Birkenmajer 
1980). Parker (1967) suggested that the yellow 
clays of the Agardhbukta area might represent 
weathered dolerites, a possibility also discussed 
by Birkenmajer (1980). 

The present study, however, demonstrates a 
dominantly glauconitic composition for most of 
the grains. The matrix consists mainly of mixed 
layered clay minerals, most likely derived from 
the alteration of originally glauconitic material. 
This alteration may be of sub-recent/recent origin 
and the result of rapid weathering of unstable, 
glauconitic sediments. 

The glauconite-rich component of the Myk- 
legardfjellet Bed commonly appears as unsorted 
angular grains, showing local grain derivation of 
the glauconite and possibly some local reworking. 
The large regional extension of the bed, along 
with its persistent glauconitic composition, clearly 
demonstrate its stratigraphic importance as a 
marker bed of possible cyclical/sequential sig- 
nificance. Laursen (1991) recently discussed the 
Myklegardfjellet Bed as part of a maximum 
flooding surface which could be correlated to 
exploration wells in the Barents Sea. h h u s  et al. 
(1990) describe glauconitic, condensed Valan- 

ginian beds from the Barents Sea, south of Bj0r- 
n0ya (Bear Island), which might belong to the 
same depositional episode as the Myklegardfjellet 
Bed. The carbonate dominated Tordenskjold- 
berget Member (basal Cretaceous) in Kong Karls 
Land is probably also a lateral environmental 
equivalent of the Myklegardfjellet Bed. 

Age relationships 

The foraminiferal assemblages occurring in the 
Myklegardfjellet Bed show an obvious similarity 
to Siberian faunas of Ryazanian age and are 
referred to this stage. The stratigraphically most 
significant species of the bed, and their occur- 
rences in Siberia, are as follows (on the basis of 
Bulynnikova 1967, Sharovskaya 1968, Dain 1972, 
and Saks 1972): Recurvoides obskiensis 
Romanova, uppermost Volgian to Lower Hau- 
terivian; Recurvoides paucus Dubrovskaya, Rya- 
zanian to Lower Hautervian ; Haplophragmoides 
schleiferi Sharovskaya, Volgian to. Ryazanian; 
Lenticulina sossipatrouae Gerke and Ivanova, 
Ryazanian to Lower Valanginian, rare in Volgian. 

The foraminiferal assemblages occurring 
immediately below the Myklegardfjellet Bed are 
characterised by Recurvoides obskiensis and con- 
tain both Volgian and Ryazanian faunal com- 
ponents. The foraminiferal assemblage developed 
immediately above the Myklegardfjellet Bed is 
typified by Glomospirella multivoluta 
(Romanova). In western Siberia, this species 
occurs in Valanginian deposits according to 
Romanova (in Glazunova et al. 1960). Thus, the 
foraminiferal assemblages of the Myklegardfjellet 
Bed and of the adjacent strata suggest that the 
bed belongs to the Ryazanian. 

Depositional shift in the Ryazanian 

The deposition of the Agardhfjellet Formation 
was initiated by a transgression in the Late 
Bathonian. The inundated area of Spitsbergen 
had mainly dysaerobic to anaerobic bottom con- 
ditions in the Oxfordian and Kimmeridgian. 
These stagnant conditions are expressed by the 
formation of organic-rich paper shales containing 
low diversity agglutinated foraminiferal assem- 
blages and locally unfossiliferous zones (Fig. 10). 
In central Spitsbergen, the upper half of the 

Agardhfjellet Formation shows an upwards 
decreasing TOC content and an upwards increas- 
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ing foraminiferal species diversity (Nagy et al. 
1988). These features were apparently connected 
with increasing oxygenation of the water masses, 
caused by a shallowing episode of the depositional 
area. This shallowing culminated in the deposition 
of the Myklegardfjellet Bed, as expressed by the 
establishment of aerobic, locally almost normal 
marine conditions. These conditions are reflected 
by comparatively high species diversities at cer- 
tain levels and locally significant quantities of 
calcareous foraminifera (Lagenids) , which are 
regarded as a normal marine shelf component 
(Nagy et al. 1990a). 

The depositional environment was quite 
unstable during the formation of the Myk- 
legardfjellet Bed as indicated by the following: 
1. Foraminifera1 assemblages of comparatively 

high diversity developed during periods of 
improved marine conditions. Under optimal 
conditions these assemblages contained a 
significant calcareous component (e.g. in the 
Agardhfjellet section, Fig. 10). 

2. Almost monospecific assemblages which prob- 
ably represent pioneering faunas that recol- 
onised the sea bed after periods which were 
unhospitable for foraminifera. The shallow 
shelf conditions of ventilated waters and a 
reduced terrigenous clastic supply were fol- 
lowed by a marked increase of water depth in 
the depositional area. At this stage, repre- 
sented by the lower part of the Rurikfjellet 
Formation, clays characterised by low amounts 
of organic matter were deposited under stable, 
aerobic conditions (Fig. 10). The increase in 
water depth is reflected by the development of 
a new foraminiferal fauna, showing inter- 
mediate species diversities, almost total 
absence of calcareous foraminifera, and com- 
mon occurrence of the genera Repmanina and 
Bathysiphon, both commonly assumed to be 
associated with deep water conditions. The 
total absence of calcareous foraminifera at the 
beginning of this phase suggests reduced avail- 
ability of calcium carbonate. 
Upwards in the Rurikfjellet Formation there is 

a reduction of the deep water faunal component, 
and the intermittently developed shelf component 
is also diminished in the upper part of the forma- 
tion. These changes are attributed to upwards 
increasing deltaic influence and gradual shal- 
lowing of the depositional basin, finally succeeded 
by deltaic progradation terminated by fluvial sedi- 
mentation. 

Conclusions 
Extensive field work has shown that the Rya- 
zanian Myklegardfjellet Bed is an important 
marker horizon which occurs throughout central 
and eastern Spitsbergen. The origin of the bed 
was investigated by a combined petrographical 
and micropaleontological approach. We conclude 
that the bed was originally deposited under mar- 
ine shelf conditions, and subsequently altered by 
decomposition of its unstable, glauconitic com- 
ponents. This interpretation is supported by the 
locally rich occurrence of glauconitic grains, 
which are dispersed in a matrix of mixed layered 
clay minerals most likely derived from altered 
glauconitic material. 

The Myklegardfjellet Bed marks the transition 
between two regionally dominant depositional 
regimes: 
1. Mainly globally controlled, shallow marine cyc- 

lical shelf sedimentation during Middle Jurassic 
to earliest Cretaceous time, resulting in the 
deposition of the Agardhfjellet Formation 
(Dypvik 1992). 

2. Locally and tectonically regulated regressive 
sedimentation of mainly prodeltaic to delta 
front affinity in the Early Cretaceous, leading 
to deposition of the Rurikfjellet Formation 
(Dypvik et al., 1991b). 
This regional shift in depositional mode is typi- 

cally expressed by reduced clastic supply associ- 
ated with condensed chemical sedimentation, in 
possible combination with a maximum flooding 
event. Repeated short episodes of shelf reworking 
and breaking up of glauconite grains finally (at 
the beginning of Rurikfjellet time) resulted in the 
deposition of the Myklegardfjellet Bed. 
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