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ABSTRACT

The Ottfjill dolerites are major constituents of the Sirv Nappe in the central Scandina-
vian Caledonides. Their chemistry is essentially that of abyssal tholeiites. However, some
peculiarities indicate that they were not formed in a purely oceanic environment. Geo-
chemistry and tectonic setting suggest that the melts were produced during a period of
moderately deep mantle melting. Most probably, the intrusion of the Ottfjdll dolerites
was associated with the early stages of the late Precambrian continental break-up to form
the pre-Caledonide precursor of the North Atlantic (the Iapetus Ocean). As such, the
Ottfjill dolerites occupy a geodynamic position different from that of most other Scan-
dinavian Caledonide basaltoids.
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INTRODUCTION

Among the allochthonous nappes of the central Scandinavian Caledonides, the
Sarv Nappe (Strémberg 1961) is distinguished by its strikingly abundant dolerite
dykes. The dykes, known as Ottfjdll dolerites (Holmquist 1894, Stromberg 1961,
1969), intruded a host-rock sequence of about 2000 metres (Kumpulainen 1978)
of unfossiliferous, feldspathic sandstones, which are intercalated with local meta-
argillites (Stromberg 1961) and at least one probably glaciogenic diamictite
(Roshoff 1975). Deformation was moderate and primary igneous and sedimen-
tary features are often well preserved. The Sarv Nappe has considerable extent
in the eastern, Swedish Caledonides. Its overall lithology differs from that of the
arenite-dominated lower nappes, which are virtually free from basic intrusions,
and the argillitic-arenitic, amphibolite-loaded Seve Nappe Complex (Gee 1975,
1977). Also in regard to metamorphism, the Sarv rocks with their generally
coexisting muscovite and biotite/chlorite are intermediate between the greenschist
facies of the subjacent arenite nappes and the amphibolite-granulite facies
associations of the Seve Complex.

The dykes occur throughout the Sarv tectonic unit. In some areas, the inci-
dence of dykes is sporadic, but very often their volume approaches and even
exceeds that of the sediments. A very considerable dilation of the host rocks must
thus have occurred throughout the Sarv Nappe area, which at the present level
of erosion has an extent of at least 300 by 100 kilometres. In contrast to the
essentially flat-lying, sill-like, conformable configurations of the basic rocks in the
Seve Nappe Complex, the Ottfjall dolerites almost exclusively form dykes which
cut the bedding at high angles.

The extensive development of the Ottfjall dolerites in the Sirv Nappe and
their absence from the underlying allochthon and parautochthon of the Swedish
Caledonides is of major importance in the interpretation of the structure and
development of the orogen. This includes aspects of nappe derivation and
displacement, the assessment of the overall role of basic igneous activity in the
Scandinavian Caledonides, and the use of Ottfjill dolerites as a reference group
for the correlation between the type area of the Sarv Nappe shown in Fig. 1 and
suggested equivalents farther west and north (Toérnebohm 1896, Gee 1977). A
subject of current discussion is also the question whether rocks which are geo-
chemically similar to the Ottfjall dolerites occur in the Precambrian basement,
e.g. in the part of the Norwegian seaboard region described by Ramberg (1974).
Thus, clearly, the Ottfjill dyke swarm plays a crucial role in the understanding
of Caledonide dynamics.

The present study is primarily concerned with the principal geochemical aspects
of the Ottfjill dolerites as a key to regional tectonics. A detailed field-geologic
and petrographic study has been made by Stromberg (1969). The general tecto-
nic contexts of the central Scandinavian Caledonides have lately been treated
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Fig. 1. Sampling sites of the Ottfjill dolerites in the Sarv Nappe. 1. Ottfjillet, 3. Abborr-

sjon, 4. Aviksberget, 5. Dunsjofjillet, 6. Anafjiallet, 7. Ormruet, 8. Funisdals-
berget, 9. Ramberget, 10. Ulvberget, 11. Gravalen, 12. Sarvfjillet. Sampling-group
2, which is not shown in the map, comprises drift-boulders from an area close
to site 1.
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by Gale and Roberts (1974) and Gee (1975, 1977), and the early, Iapetus Ocean,
development stages by Roberts and Gale (1978). The intense, tectonic defor-
mation at the base of the Sirv Nappe, which is of some consequence in the
present study, has been described by Stromberg (1961, 1969) and Réshoff (1978).
Palaeomagnetic studies (Bylund 1976) suggest that the Ottfjall dykes originally
described parallel trends but were rotated in relation to each other during nappe

translation. Local inversions of stratigraphy (Wilson 1976) appear to be of minor
overall importance (Strémberg 1969).

ESSENTIALS OF PETROGRAPHY

The Ottfjall dolerites exhibit some variation in macroscopic appearance. The
predominant type is a fine- to finely medium-grained porphyritic rock with
rather abundant plagioclase phenocrysts embedded in a fine-grained matrix.
Other kinds of Ottfjall dolerite contain plagioclase, pyroxene and olivine as
their principal coarser constituents. There also exist wholly equigranular and
dense, aphanitic rock varieties.

The extent of secondary alteration varies and there is a gamut from unaltered
to low-grade metamorphic rocks. The secondary minerals include amphibole,
serpentine, epidote, chlorite, and biotite. However, part of the biotite appears to
be a primary mineral phase. The contents of biotite are very low in most of the
studied samples, but there are also some rocks with moderately high contents of
this mineral. As will be considered in the following text, these rocks tend to have
deviating, alkali-basaltic compositions.

The most altered dolerite dykes are found in low-altitude localities. This
suggests a causal relationship between secondary alteration and the development
of the thrust plane at the base of the nappe.

General petrographic descriptions of the Ottfjall dolerites are included in
papers by Holmquist (1894), Stromberg (1961, 1969) and Claesson (1976).

GEOCHEMISTRY: SAMPLING, PROCEDURES, RESULTS

This investigation is based on 123 samples of Ottfjill dolerite obtained from 12
groups of sampling localities in the type area of the Sirv Nappe in the Harje-
dalen and southern Jamtland districts, Sweden (Stromberg 1961, 1969). The
sampling sites are indicated in Fig. 1. In order to achieve an adequate coverage
of the chemical variation within the individual dykes and between various dykes
and dyke groups, the sampling altogether included 83 different dykes as well as
series of several specimens from the same dyke. Generally, a representative
sampling of many different dykes was carried out in each locality. In the vicinity
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of sampling site 1 in Fig. 1 (Ottfjillet), the sampling was extended to large, local
boulders in the glacial drift. These boulders comprise a wide range of macro-
scopically different varieties of dolerite. Care was taken to sample boulders where
the less common rock types were in contact with characteristically developed
Ottfjall dolerites. The analyses of these boulder-samples are included in the
grand average and range data of Table 1, but are treated as a special group in
Table 2.

The major components SiOg, TiOs, AlyOsg, total iron as FegOs, CaO, and
KO were determined by X-ray fluorescence techniques employing glass beads.
MgO, MnO, and Na,O were analysed by atomic absorption, FeO by potentio-
metric titration, and PyO5 photometrically. The trace elements Rb, Y, Sr, Zr,
and Nb were determined by X-ray fluorescence using powder pellets. All analy-
tical results are referred to USGS rock standards. Details of the employed proce-
dures will be given by Solyom and Johansson in a paper which is now in prepara-
tion.

Table 1 lists the means, standard deviations and variation ranges for all 123
analysed samples. The individual analyses are listed in Table 4. Averages for the
various sampling-site groups of specimens and the boulder-samples are given in
Table 2. As is seen from this table, the variations in chemical composition between
the various sites are rather small. The analytical results also show that petro-
graphic differences, such as grain-size, macroscopic appearance, frequency of
phenocrysts, etc., which commonly induced the sampling of more than one speci-
men per dyke, are generally not coupled with significant deviations from average
chemistry. Exceptions are some samples from wall-rock contacts and a few of the
boulder specimens. Here, the most obvious differences are in the aberrantly high
contents of K and Rb, which in a group of deviating specimens are associated
with a marked general trend towards alkali-basaltic geochemical characteristics.
This aspect is considered in a special section (p. 14). The determinations of Nb
comprised altogether 26 specimens and were made expressly to compare the nor-
mal, tholeiitic with the deviating, alkali-basaltic groups of Ottfjall dolerites. Because
of this, the alkali-basaltic variety is strongly overrepresented in this lot of samples
and the mean Nb contents are not listed in Table 1. Data for the separate
groups will be found in Table 3.

The existence of a group of samples with transitional alkali-basaltic composi-
tions is also evident in Fig. 2, which is a plot of the normative mineral composi-
tions of the Ottfjall dolerites in the ne-ol-di-hy-qz system. The CIPW-norms
have been calculated after correction for the oxidation of iron as proposed by
Le Maitre (1976). The plotted compositions center around the di-hy tie-line
and thus there is a range between somewhat quartziferous and mildly olivine-
bearing tholeiites. However, for all but the deviating samples considered above,
the variation range is very limited.

In the classification of basaltic rocks, attention is attracted by chemical com-
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Fig. 2. CIPW-norms of Ottfjill dolerites plotted in the ne-ol-di-hy-qz-diagram. The ruled
areas in this and the following figures comprise all of the 123 analyzed samples
not specially marked by dots.

ponents, wich characterize and discriminate between different principal types of
melt. On the basis of statistical treatments of rock analyses from a variety of
recent geodynamic environments, generally valid genetic-tectonic attributions of
basaltic melts and their products have been attempted (Floyd and Winchester
1975, Pearce 1976, Pearce and Cann 1973, Pearce et al. 1975, 1977). In this
context, special interest is focused on elements characterized by relative immobi-
lity during secondary processes of rock alteration. Among the so-called incom-
patible elements, which are particularly important in the classification of basaltic
rocks, only Ti, Zr, Y, Nb, and a few others possess the high degree of stability
which is required to render them useful as checks and complements of classifica-
tion systems based on more mobile components. Consequently, these elements
attain particular importance in altered basaltoids, where other approaches often
fail to yield consistent results. The interrelations of relatively immobile elements
have been widely employed in the present study.

Within the framework of a general subdivision of basaltic rocks, the Ottfjall
dolerites fall almost entirely outside the alkali-basalt fields of MacDonald and
Katsura (1964), and Kuno (1968). In Fig. 3, the compositions concentrate in
the upper part of the field characteristic of abyssal tholeiites (Miyashiro 1975a).
The impression of very moderate crustal contamination is brought out by the
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Fig. 3. Total alkalies—silica variation diagram (wt. %) for the Ottfjill dolerites. The
boundaries A (MacDonald and Katsura 1964) and B (Kuno 1968) divide the
diagram into alkaline and non-alkaline fields. Most of the analyses concentrate in
the abyssal tholeiite field of Miyashiro (1975a).

generally low potassium contents indicated in Tables 1 and 2. However, potassium
tends to be slightly more abundant than in typical oceanic-ridge and sea-floor
tholeiites. Potassium is moderately high in the alkali-basaltic and a few other
samples, which, mainly for this reason, approach or enter the field of alkali
basalts in Fig. 3. These samples, of course, influence strongly the range data of
Table 1, but have lesser effects on the standard deviations and most sampling-
site data of Table 2.

A tendency towards high-alumina relations in an otherwise overwhelmingly
tholeiitic group of rocks is demonstrated in Fig. 4. The existence of samples with
alkali-basaltic affinities is obvious here too.

Because alkalies are reputedly mobile in metamorphic environments, the
conclusions regarding the predominantly tholeiitic character of the Ottfjill dole-
rites were tested employing variation diagrams based on other components. Figs.
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5a and b illustrate the P, Ti and Zr relationships and their interpretation as
suggested by Floyd and Winchester (1975). The general inferences from Figs. 3
and 4 are confirmed. For the main, tholeiitic group of Ottfjall dolerites. the
classification is in agreement also with the Y/Nb ratios, which will be considered
below (Fig. 9).

Basaltic rocks of tholeiitic affinities occur in oceanic as well as continental
environments. Possibilities to distinguish between the two are of obvious impor-
tance in the interpretation of ancient geodynamic developments. Employing the
statistical inferences of Pearce et al. (1975) regarding the TiOy-K,O-PyO5 rela-
tions (Fig. 6), we find that the Ottfjall dolerites are intermediate between typical
oceanic and continental tholeiites, but trend strongly towards oceanic characteris-
tics. Also the occurrence of the dyke swarm in an essentially arenitic, continental-
margin type setting indicates that the Ottfjill dolerites do not represent a purely
oceanic environment. In this regard, the situation is rather similar to that of the
Tertiary basaltic lavas and dykes of Greenland (Pearce et al. 1975).
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Fig. 5. Discrimination between alkaline and tholeiitic dolerites employing Floyd and
Winchester’s (1975) P2Os — Zr and TiO2 — Zr/P20s5 diagrams.

In oceanic environments, tholeiites occur in a variety of geodynamic settings
such as mid-oceanic ridges, spreading back-arc- and other marginal seas, some
kinds of oceanic islands and, of course, island arcs. The abyssal tholeiites of
oceanic ridges are chemically closely similar to low-K tholeiites of immature island
arcs. Compilations by Miyashiro (1974, 1975a, 1975b) suggest that in advancing
fractional crystallization FeO* (total Fe as FeO) and TiO, are enriched more
rapidly in abyssal tholeiites than in the low-K tholeiites of island arcs, where the
contents of TiOs exhibit little variation in the relevant range of FeO*/MgO ratios.
Such relations are explained by the melt compositions, the activities of gases and
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Fig. 6. Oceanic — non-oceanic affinities of the Ottfjall dolerites according to the TiOs2
— K20 — P20s5 (wt. %) diagram of Pearce et al. (1975).

the distribution of elements between melt and mineral phases during the crystalliza-
tion. Plots of the Ottfjall dolerites in the diagrams of Fig. 7 demonstrate an obvious
similarity with abyssal tholeiites. These relations are particularly marked in Fig. 7c.
The FeO*/MgO ratios vary between 0.7 and 2.2, wich is characteristic of abyssal
tholeiites in contrast to the more differentiated series of low-K tholeiites in island
arcs. In the Ottfjall dolerites, we thus have a fairly undifferentiated group of
rocks, that is quite different from the calc-alkaline series.

In the discriminant geotectonic groupings based on Ti-Zr-Y-Sr relations and
shown in Fig. 8 (Pearce and Cann 1973), the Ottfjill tholeiites clearly concentrate
in the ocean-floor field. Among the few samples showing a formal within-plate
affinity (Fig. 8a), we again find all the specimens which in the preceding
figures exhibited alkali-basaltic affinities.

The use of classification plots involving Sr (e. g. Fig. 8c) is ambiguous in
the case of the Ottfjall dolerites. This is due to the presence of plagioclase
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Fig. 7. Plot of the Ottfjill dolerites in the SiO2—FeOx/MgO, FeOx—FeOx/MgO and TiO2
—FeOx/MgO variation diagrams according to Miyashiro (1975a). The unbroken
lines in a and b separate the tholeiitic (TH) and calc-alkaline (CA) series. The
broken lines are trends of CA-series (Am = Amagi and As = Asama volcanoes) and
TH-series rocks (To = Toufa Island, Mi = Miyake-jima, Ma = Macauley Islands,
Ki = Kilauea, Sk = Skaergaard intrusion). Ab represents the trend of abyssal

tholeiites.

phenocrysts, which suggests a syn-crystallization redistribution of Sr between

various parts of the melt. Because the plagioclase of the phenocrysts most probably

started crystallizing before the intrusion of the dykes, gravitational differentiation

may have resulted in an overall enrichment of Sr in the erupted melt portions.

This mechanism is hardly of any consequence for the mutual relations of the

other elements specifically considered in the present study.
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Fig. 8. Plot of the Ottfjill dolerites in the discriminant diagrams of Pearce and Cann
(1973). A: field of low-K tholeiites. B: ocean-floor basalts. C: calc-alkali basalts.
D: within-plate basalts. The field X in diagram b is the overlap area of A, B, and

C. Tholeiitic dolerites are marked by ruled areas and dots, alkali-basaltic dolerites
by open circles.

THE DEVIATING SAMPLES: AN INDICATION OF TWO MELT
TYPES AMONG THE OTTFJALL DOLERITES

In the preceding sections we found that approximately ten percent of the 123
samples of Ottfjill dolerite show more or less pronounced deviations from the
ranges and trends of chemical variation, which can be considered normal in this
tholeiitic rock group. One of these samples is exceptionally low in alkalies. This
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rock is from a locality close to the basal thrust of the nappe. The loss of alkalies
is here obviously due to marked epidotization and chloritization.

In the rest of the deviating dolerites, the most obvious departures from the
average are found in the higher contents of K, Rb and total alkalies, and the
consequent trend towards alkali-basaltic characteristics in Figs. 3 and 4. In some
cases, the aberrant behaviour can be accounted for by the contamination by alka-
lies from the surrounding sediments, which are relatively rich in K and Rb.
Related processes also result in the acquisition of excess argon as demonstrated by
Claesson (1976).

In other cases, however, the samples deviating in K and Rb exhibit marked
deviations also in their contents of other elements such as Ti, Zr, P, and Nb
(Table 3). In five samples this results in pronounced alkali-basaltic overall

>—
o
£
“
/ \
\
f s
wn
3.0 F a
—t
w
T
Wi
Z
=
20t <
b4
-
<
o cEE R R e R
1

0.05 0.10 0.15 Zr/ R0,

Fig. 9. Nb/Y—Zr/P205 plot for deviating and normal Ottfjdll dolerites. Open circles:
alkali-basaltic dolerites. Dots: other deviating dolerite samples. Crosses: thirteen
randomly selected tholeiitic Ottfjdll dolerites analysed for Nb. Horizontally aligned
fields: variation trends for tholeiitic rocks. Vertical fields: variation trends for
alkaline basaltoids. The broken and unbroken lines are for oceanic and continental
rocks, respectively (Floyd and Winchester 1975).
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characteristics. These samples are marked by open circles in Fig. 9 and in some of
the other discriminant variation diagrams. Table 3 considers separately the five
alkali-basaltic samples, the remaining eight deviating samples, and a reference
group of thirteen randomly selected normal tholeiitic Ottfjall dolerites. Nb was
determined in these twenty-six specimens only. Fig. 9 shows that most of the
deviating samples follow a tholeiitic trend in the Nb/Y vs. Zr/P;Os-diagram of
Floyd and Winchester (1975). The five alkali-basaltic samples, in contrast, form
a separate group, which tends to fall in with the variation patterns of alkaline
rocks. The Y/Nb ratios of 0.99 and 2.08 are also in agreement with, respectively,
within-plate alkali-basaltic and tholeiitic affinities as suggested by Pearce and
Cann (1973).

Four of the alkali-basaltic samples stem from drift-boulders (site-group 2,
Table 2), the fifth is from Ottfjillet (site 1). Only one of them derives from the
vicinity of a wall-rock contact, which, by itself, argues against wall-rock conta-
mination. However, the decisive argument is the paucity of the surrounding sedi-
ments in e.g. Ti and P. To this can be added the stability of biotite and apatite,
which are the principal reservoirs of these elements, and the immobility of Ti
in most geochemical environments even when biotite is broken down.

As noted in the petrographic section, the alkali-basaltoid samples are relatively
rich in biotite. The primary magmatic generation of this mineral by an excess of
K, produced by some differentiation or absorption process, may be expected to
result in the enrichment of the rock in some elements which would otherwise be
retained in the melt until the very late stages of crystallization. However, this
mechanism hardly accounts for the enrichment in phosphorus. In addition, late
pegmatitoid and other acid differentiates are quite uncharacteristic of the Ott-
fjall dolerite occurrences.

From these genetic arguments and the overall geochemical characteristics, we
therefore conclude that the alkali-basaltic samples actually indicate the existence
of a specific, alkali-basaltic melt during the generation of the dykes in the Sarv
Nappe.

Although this aspect is not a primary object of the present study, attention is
attracted by the circumstance that the elements which correlate positively with
the enrichment of K in the alkali-basaltic dolerites, have energetically favourable
sites in the lattices of apatite and, particularly, biotite. This suggests the
involvement of a biotite(phlogopite)-bearing mantle in the generation of the
alkali-basaltic melts.

CONCLUSIONS

The present study clearly identifies the Ottfjall dolerites of the central Scandi-
navian Caledonides as a predominantly tholeiitic group of rocks exhibiting
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pronounced ocean-floor affinities. The potassium contents are somewhat higher
than those of typical abyssal tholeiites, which argues against a direct analogy with
these rocks.

The geological setting of the Ottfjall dolerites in the allochthon of the Sirv
Nappe suggests that they have been transported to their present position from a
site situated farther west. According to a study by Claesson (1976), the Rb-Sr
age of the Ottfjill dolerites is late Precambrian (7351260 Ma). This dating is
supported by the lithology and metamorphic status of the enclosing sediments,
which are very similar to other late Precambrian sedimentary rocks occupying a
marginal position in relation to the Baltic Shield (Bjerlykke et al. 1977). A
current study by Kumpulainen (1978) suggests deposition mainly by terrigenous
sedimentation in a system of braided rivers. The total sediment thickness is
considerable. The very moderate tectonic reworking and metamorphism suggest
that the Sarv sediments have not been involved in the Svecokarelian, Sveconor-
wegian or other pre-900 Ma orogenic events characterizing much of western
Sweden as well as southern and central Norway (Krogh 1977, Moore and Qvale
1977). Thus, the 1800—1900 Ma or higher K-Ar ages of the Ottfjall dolerites
(Point et al. 1976) are in agreement neither with their Rb-Sr age and the geolo-
gical setting, nor the common Caledcnide regeneration of the K-Ar systems in the
area. Most probably, they are unrelated to the formation of the dyke swarm and
are due to post-formational Ar-capture, conceivably associated with later, possibly
Caledonide metamorphism (Dalrymple and Lanphere 1969, Dalrymple et al.
1975, Hayatsu and Carmichael 1970, Claesson 1976). This reworking may also
contribute to the wide error limits of the Rb-Sr age.

Taking into consideration the tectonic setting and geochemistry, we suggest
that the Ottfjall dolerites formed during a period of crustal tension, dilation and
break-up in the depositional area of the Sirv sediments. The steeply cross-
cutting attitude of the Ottfjall dykes indicates that the sediments were well
consolidated/cemented prior to the intrusion of the dolerites. Our suggestion is
supported by the particular combination of extreme dyke frequency in a large
area, abyssal tholeiitic, ocean-floor type geochemical characteristics, moderately
low potassium contents, a rather low initial 87Sr/86Sr ratio (Claesson 1976) and
the setting in a thick sedimentary sequence of mainly continental origin. An
obvious inference is that the Ottfjall dolerites intruded in connection with the
massive generation of basaltic melt at moderate depths in the mantle during the
initial stages of opening of the pre-Caledonide Tapetus Ocean (Gale and Roberts
1974, Gee 1975, Roberts and Gale 1978). This is in agreement with inferences
arrived at by other approaches. In contrast, neither dyke geochemistry and the lack
of complementary intermediate volcanics and hypabyssals, nor the state of
deformation suggest an association with minor orogenic events occurring at
approximately this time or somewhat earlier (Johnson 1975, Rankin 1975, Rast
et al. 1975). The inferred origin suggests a formation site to the west of the
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present coast of Norway and the one-time sparagmite grabens considered by
Bjorlykke et al. (1977). However, rocks indicated to be Ottfjall dolerites also cut
the Precambrian basement in the Svansjon basal unit of the Sarv Nappe (Strom-
berg 1961, Roshoff 1978). Thus the Sirv sediments were apparently not deposited
on oceanic crust. The suggested formation time of the Ottfjall dolerites is rather
early in the break-up process. A minor contribution of alkali-basaltic melts in
the formation of the Ottfjall dolerites is indicated by the present study. In a
continental break-up, such rocks will generally be expected to occur somewhat
earlier or more peripherally than the semi-oceanic tholeiites (Gass 1970). There
is thus a need for further investigations to clarify whether alkali-basaltic rocks
exist in other parts of the Sarv Nappe. The age of the alkali dolerites in relation
to that of the main swarm of Ottfjill dykes also requires further consideration.
However, the essentially tholeiitic nature of the Ottfjall dyke rocks and their
association with the early stages of a break-up process appear to be firmly
established.

ACKNOWLEDGEMENTS

The present study is part of the Swedish Caledonide Research Programme, a contribu-
tion to the International Geodynamics Project. Financial support by the Swedish
Research Council for Natural Sciences is gratefully acknowledged. Mrs Christin Andreas-
son is thanked for redrawing the diagrams.



THE OTTFJALL DOLERITES

REFERENCES

BGIU = Bulletin of the Geological Institutions of Uppsala
GFF = Geologiska Foreningens i Stockholm Forhandlingar
NGT = Norsk Geologisk Tidsskrift

NGU = Norges geologiske undersokelse

SGU = Sveriges geologiska undersokning

BjorLykkE, K., ELvBorG, A., and Hey, T., 1977: Late Precambrian sedimentation in the
central sparagmite basin of South Norway. — NGT 56, 233—290.

Byrunp, G., 1976: Preliminira paleomagnetiska resultat fran Sirvskollans diabaser. — XII
Nordiska Geologvinterméotet, Chalmers Tekniska Hégskola och Goteborgs Universitet,
Abstracts, p. 9.

CrAEssON, S., 1976: The age of the Ottfjillet dolerites of Siirv Nappe, Swedish Caledoni-
des. — GFF 98, 370—374.

Darrympre, G. B., and Laneaere, M. A., 1969: Potassium-Argon Dating. Principles,
Techniques and Applications to Geochronology. — W. H. Freeman & Co., San Fran-

cisco.

— , GromwmE, C. S., and Warte, R. W., 1975: Potassium-argon age and paleomagnetism of
diabase dikes in Liberia: Initiation of central Atlantic rifting. — Geol. Soc. Am. Bull.
86, 399—411.

Froyp, P. A., and WINCHESTER, J. A., 1975: Magma type and tectonic setting discrimina-
tion' using immobile elements. Earth Planet. Sci. Lett. 27, 211—218.

Gare, G. H., and Roserts D., 1974: Trace element geochemistry of Norwegian Lower
Palaeozoic basic volcanics and its tectonic implications. — Earth Planet. Sci. Lett. 22,
380—390.

Gass, I. G., 1970: The evolution of volcanism in the junction area of the Red Sea, Gulf of
Aden and Ethiopian rifts. — Phil. Trans. Roy. Soc. Lond. A 267, 369—381.

Gee, D. G., 1975: A tectonic model for the central part of the Scandinavian Caledonides.
— Am. J. Sci. 275-A, 468—515.

— 1977: Extension of the Offerdal and Sirv Nappes and Seve Supergroup into northern
Trendelag. — NGT 57, 163—170.

Havarsu, A., and CarmicHaer, C. M., 1970: K-Ar isochron method and initial argon
ratios. — Earth Planet. Sci. Lett. 8, 71—76.

Hormquist, P. J., 1894: Om diabasen pa Ottfjillet i Jemtland. — GFF 16, 175—192.

Jounson, M. R. W., 1975: Morarian orogeny and Grenville Belt in Britain. — Nature
25801

Krocu, E. J., 1977: Evidence of Precambrian continent-continent collision in western
Norway. — Nature 267, 17—19.

Kumpurainen, R., 1978: Litostratigrafi och sedimentologi inom Sirvskollan i Hirjedalen—
Jimtland. — Abstr. XIII. Nord. Geol. Vinterm., Copenhagen, p. 48.

Kun~o, H., 1968: Differentiation of basalt magmas. — In H. H. Hess and A. Poldervaart
(eds.), Basalts 2, 623—688. Interscience, NewYork.

Le Marrre, R. W., 1976: Some problems of the projection of chemical data into mineralo-
gical classifications. — Contr. Mineral. Petrol. 56, 181—189.

Macponarp, G. A., and Karsura, T., 1964: Chemical composition of Hawaiian lavas. —
J. Petrol. 5, 82—133.

Mivasuiro, A., 1974: Volcanic rock series in island arcs and active continental margins. —
Am. J. Sci. 274, 321—355.

— 1975a: Classification, characteristics, and origin of ophiolites. — J. Geol. 83, 249—381.

— 1975b: Volcanic rock series and tectonic setting. — Ann. Rev. Earth Planet. Sci. 3,
251—269.

Moore, A. C., and Qvare, H., 1977: Three varieties of alpine-type ultramafic rocks in
the Norwegian Caledonides and Basal Gneiss Complex. — Lithos 10, 149—161.

PearcE, J. A., 1976: Statistical analysis of major element patterns in basalts. — J. Petrol.
17, 15—43.

— , and Cany, J. R., 1973: Tectonic setting of basic volcanic rocks determined using trace
element analyses. — Earth Planet. Sci. Lett. 19, 290—300.

Pearce, T. H., Gorman, B. E., and BrkerT, T. C., 1975: The TiO2-K2O-P2Os diagram:
A method of discriminating between oceanic and non-oceanic basalts. — Earth Planet.

Sci. Lett. 24, 419—426.




20 Z. SOLYOM, R. GORBATSCHEV AND I. JOHANSSON

— 1977: The relationship between major element chemistry and tectonic environment of
basic and intermediate volcanic rocks. — Earth Planet. Sci. Lett. 36, 121—132.

Point, R., PLoQuiN, A., and ZiMMERMANN, J.-L., 1976: Mise en évidence de matériaux
svécofennocaréliens dans les nappes des Calédonides Scandinaves orientales a partir de
mesure K/Ar effectuées sur des filons basiques. — C. R. Acad. Sc. Paris 283, D-1571.

RamBERG, H., 1974: Beskrivelse til berggrunnsgeologisk kart over stroket Agdenes—Hemne-
fjord, Ser-Trendelag. — NGU 299, 1—11.

RankiN, D. W., 1975: The continental margin of eastern North America in the southern
Appalachians: The opening and closing of the Proto-Atlantic ocean. Am. J. Sei.
275-A, 298—336.

Rast, N., Rast, D. E., and Kexnepy, M. J., 1975: Plate tectonic significance of repeated
tectonic trends in eastern Canada. — Nature 258, 61—62.

RoBerTs, D., and Gare, G. H., 1978: The Caledonian-Appalachian Iapetus Ocean. —
In D. H. Tarling (ed.), Evolution of the Earth’s Crust. Academic Press, London.

Rosnorr, K., 1975: A probable glaciogenic sediment in the Sirv Nappe, central Swedish
Caledonides. — GFF 97, 192—195.

— 1978: Structures of the Tinnds augen gneiss nappe and its relation to under- and
overlying units in the central Scandinavian Caledonides. — SGU C 739.

STROMBERG, A. G. B., 1961: On the tectonics of the Caledonides in the south-western part
of the County of Jamtland, Sweden. — BGIU 39, 1—92.

— 1969: Initial Caledonian magmatism in Jamtland Area, Sweden. — In North Atlantic-
Geology and Continental Drift. Am. Assoc. Pet. Geol. Mem. 12, 375—387.

TorNEBOHM, A. E., 1896: Grunddragen af det centrala Skandinaviens bergbyggnad. — Kgl.
Svenska Vetensk. Akad. Handl. 28, 1—212.

Wirson, M. R., 1976: Regional implications of the inversion of the Sirv Nappe at Storsjo
Kapell, Jamtland. — XII Nordiska Geologvintermétet, Chalmers Tekniska Hogskola
och Goteborgs Universitet, Abstracts, p. 63.




THE OTTFJALL DOLERITES

Table 1. Chemical composition of the 123 Ottfjdll dolerites

(weight per cent for the oxides, ppm for the elements).

Mean Std.dev. Minimum  Maximum Range
Si02 50.46 0.860 48.59 5357 4.98
TiO2 1.28 0.254 0.73 2.04 1L gl
A1203 15.6] 14120 13.90 19.43 5,53
Fe203 1297 0.715 1.03 L eno 6.50
FeO 7.72 1.104 2:51 10.26 7.25
MnO 0.17 0.021 0.13 0.23 0.10
MgO 6.95 0.824 4.93 207 5.04
Ca0 11.10 0.755 8. 77 12.96 4.19
N020 2.43 0.301 129 3.09 1.80
K20 0.58 0329 0.20 2.04 1.84
P205 017 0.067 0.07 0.47 0.40
H2O_ 0.06 0.031 0.01 0.16 0.15
L-0.1. 1.50 0.439 0.81 3.17 2.36
Rb 16 15.7 3 106 104 |
Sr 255 46.1 191 529 338
Y 26 4.4 16 38 22
Ir 96 34.2 41 262 221

Mn 1356 160.1 981 1819 838




Table 2. Average composition (x), standard deviation (s), and range (R) data of Ottfjdll dolerites

from the 12 groups of sampling localites (weight per cent for the oxides, ppm for the elements).

1 (n=10) 2 (n=15) 3 (n=10) 4 (n=6)
Group Ottfjallet Ottfjdllet Abborrsjsn Aviksberget
drift-boulders
X s R X s R X s R X s R

510, 50.41 0.53 1.94 50,60 1.9 4.33 50.02 0.53 1.76 49.97 0.55 1.47
Ti0, 1.28 0.32 1.1 1.48 0.36 1.0 12001 e Y218 0,12 0.04
AL,0, 15,21 0.92.2.70 18,22 V.02 347 15.92 0.99 2.70 15.61 0.87 1.92
Fe,0, 2,62 1.83 .50 1.89 0.29 0.98 2,20 0i68  1.90 211 0.4 1.8
FeO 7.00. 1.72 .00 8.08 0.99 3.34 7.34 0.89 2.83 7.80:1,33..2.%6
MnO 0.18 0.02 0.05 0.18 0.02 0.06 g.17 0,01 0,04 017 10,02 0.04
MgO 7.28° 0.885 1.82 .72 .10 k27 6.70 0.61 2.05 7.39. 088 1.0
Ca0 11,67 1,08 3.9 11418090 .8.25 11.23 0.58 1.66 11.69.0.27 0.78
Na,0 2,83 0,19 0,81 2.62 0.26 0.85 208048 1.22 2.29 0,23 0.50
K50 0,89 0,37 1,26 0,76 0.33 1.00 0.92 0.55 1.76 0.44 0.14 0.42
P05 0.23 0.09 0.31 0.28 0.08 0.23 0.16 0.03 0.10 0.13 0.02 0.06
Bl ks V.42 0,86 V04 1,020,286 0.78 1.82 0.54 1,78 1.29° 0,48 1,20
Rb 19 98B 17 g .80 A% AT 00 12 g 17
Sr 280049 187 29298 333 588 M2 e
Y 26 &3 27 3 o S 24 kg
Ir 101 . /36 130 5 Sspy | G o R R ve: Shiie Pt
Mn 1360 128 423 1433 159 447 1339 100 305 1332 105 - 2684

no
no
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Table 2 (continued)
Eioon 5 (n=18) 6 (n=11) 7 (n=14) 8 (n=13)
Dunsjofjdllet Anéfjdllet Ormruet Fundsdalsberget
X s R X s R X s R X s R

5102 5022 - 0.64 2,09 50:71.00,705 2,70 51.38 0.84 2.84 50.83 0.64 2.47
TiO2 1s181:0:23: 10,84 1.260051 74 70.55 186028 107 1536 02210, 80
A1203 Tesllla 62 -5 514 15s756: 0:73 /2,38 15,421,356 4,20 15:565: 0235 289 ;
Fe203 1,890,564 1,56 lwdiZen 0028 ¢ 0,70 1:76.:0,32: 1,22 1.83.:0.19:/0,70 &
FeO 719099 3,72 7588150259 sl o/ 3 8,13.1:05 3,32 7.88 0.83 2.74 E
MnO 0: 17 0. 020,08 0.17 0.01 0.04 0417470,0275 0507 0217 .,0:02°:0,06 =
MgO 62100567 2,31 7.3l P01 4220 669 7101 4,93 7.02.00,84. 2,46 EE
Ca0 11.34  0:80::2.70 10486 0,43 1,43 10:60- 0,70, 2,13 10:69.::0:68; 2,77 3
N020 223 10:205.0:76 2:610000 1760565 2,63 10,23 0,94 2,56°0523 10,78 E
K20 0:60 '0;35 " 1,06 Q.35 20513 0037 0.45 10,09:.0.3] 0.88/.:0.23 077 ;
P205 Q#1447 0,04, 0,15 0,18 20,04 §0:11 0:174:0;04 0315 0.18/ 003 013 5
LiOCT, 1.58 10,44 11,56 10250028 500,75 152150, 37l 22 146 024 0. 74 7
Rb 16 1 32 7 3 12 8 3 11 13 9 34
Sy 251 24 81 229 25 70 249 20 72 243 26 90
Y 25 4 16 24 5 18 26 6 21 27 4 14
LT 86 26 89 81 21 69 93 21 78 103 27 80
Mn 1304 176 617 1278 98 280 13037 175541 1313 134 = 449

2




Table 2 (continued)

diaiin 9 (n=3) 10 (n=6) 11 (n=8) 12 (n=9)
Ramberget Ulvberget Grévéalen Sdrvfjdllet
X s R X s R X s R X s R

Si02 49,53 0.48 0.87 49,995 Q0,871 0,97 49:94..°0,722,08 50:45 10,7517, 92
TiO2 1326 002100, 40 1528, 0051 6410.89 1528 10314035 5 275100261075
A1203 155800089 =071 15,63 0,49 1.3 193030021 02539 15. 711,400 4,42
Fe203 Teblai 0100019 2:50 il 58026 ezl 240 Sbiw 1. 0D 2:017:0,88 1116
FeO 8.56 1.28 . 2.48 7914150837 8.41 0,94 2,71 o801 20,3026
MnO 019 10.04:0,08 0121030210607 0.18 0,02 ::0.06 0.19::0,02 10,08
MgO 2626 15081:2,05 G698 070 8D ke 0,00 )80 6.65..0,90 2,64
Ca0 10:.568 0561107 11509 0432 0.85 11861705261 1072 10:96 0,73 2,44
N020 2:48 016 0,31 2:24 0,48 1,27 2.42 0,13 0.43 2.5040428 ¢ :0.66
K20 0.7) 1054 0,98 0:b6: 029 0. 72 0.36' 0.08 0.24 0,85 0:26/0,89
P205 0,13 003 0,05 0157008 0207 0418 0,038 .0,07 0.15 0:.04 0,12
La0oT, Z2:24 0078 1. A8 1:86 0,70 121 1264 0,25+ 0,78 T.74 0,41 1.35
Rb 25 22 40 18 14 38 9 3 s 23 16 Bo
Sr 238 27 51 261 21 59 231 24 67 268 32 98
0 27 5 8 an 3 7 27 4 12 27, 6 18
Zr 82 16 29 86 18 43 79 19 41 93 28 78
Mn 1478 1329 656 1458 182 477 1400 135 426 1465:: 188 595
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Table 3. Comparative analyses of deviating alkali-basaltic
(n=5), other deviating (n=8), and normal tholeiitic (n=13)
Ottfjall dolerites (weight per cent for the oxides, ppm

for the elements) X is the mean, s is the standard devia-

tion.
Groups alk.-bas. other dev. normal thol.
X s X s X s
| Ti0, 1.93 ¥ 0.21 1.422 0.22 1.29 2 0.24
| K0 1.29 Y 0.24 0.87 ¥ 0.28 0.62 ¥ 0.51
| PO, 0.40 ¥ 0.06 0.202 0.03 0.16 ¥ 0.04
| s 215 ¥ 46 125 ¥ 18 91 % 25
| Y o 24 28 x4 % s
Nb v 153 12-3
Y/Nb 0.99 ¥ 0.07 .81 2 0.9 208 % 0.27




Table 4. Chemical analyses (contents of major elements in weight per cent and contents of trace elements in ppm) I

Group 1. Ottfjdllet

Sample no. AT 72T 73 73T 74 75K 76 77K 78 79K

$i0, 50.10 50.32 50:15 50.68 49.96 50.68 49.67 51.61 50.51 50.39 :
Ti0, 1,32 jiidlarg | piaal 1527 0.93 15l 091 1.36 1.14 2.02 Q
Al,04 14.94 14.57 15.48 14,67 16.51 14.31 1701 14,32 15.49 14.76 5
Fe,0q4 252 7.+93 1465 1.66 (574 2.45 2i2y 1.03 2.34 3.24 =
FeO 7.06 2251 780 8.16 709 8.51 6.24 R 6.93 70 e
MnO 017 0.20 Ol 0.18 0.16 0.20 0515 0817 0,17 0.18 8
MgO 7%81 a s :18 7.46 7.38 6.66 72 8.02 72410 6.20 ;@
Ca0 12.10 11520 12418 12.13 12.96 11.06 12461 10.83 11.63 Q.37 5
Na,0 2.09 2.08 2.49 2.47 2518 2,55 2,28 2.23 2,29 AL 2
K50 0.59 0.46 0.43 0.46 0.31 Q.69 0.32 0.78 0.38 1,87 rj
P,0g 0.20 0.23 0.19 0.20 0.17 0.25 019 0,22 0.16 0.47 -‘/’
H20_ 0.04 0.09 0.09 0.04 0.04 0.03 0.07 E
o031 {71, 1.68 0,21 0.98 1.24 1589 1.80 1439 1.84 11,95 :‘
Sum 100.21 100.43 9997 100.36 100. 64 100.16 100.68 100.13 100.01 100.32 :::
Rb 21 15 8 9 5 17 <3 18 10 87 é
S 266 263 225 216 225 224 287 246 246 383 9
) 24 22 26 30 21 34 24 24 25 32

Ir 107 83 92 83 60 17 74 119 81 190

Mn 1314 1568 1344 1402 1239 1553 1145 1349 1314 1370

Nb 1174 32




Table 4 (continued)

Group 2. Ottfjdllet, drift-boulders

Sample no. 80K 81 82 83 85T 86 87 88 89 90

5i0, 53.57 50.47 52.85 49.79 5132 50.03 49,24 49.40 50.50 50:97

Ti0, 67 2.04 |16 1 1.60 1520 1.56 2.03 1.60 1.09
Al,0, 14.62 15.62 14.59 14.25 14.92 15: 97 15.16 727 14.50 15.68

Fey0, 1. 597 2.38 1.56 1.78 1.84 1.69 2.2 (454 V97 1.49 e
FeO 6.74 7.42 7.53 9.28 8.97 787 7337 137 9.49 7.91 E
MnO 0.16 0.22 0:17 0:.22 0.19 0.18 0.18 Q.17 0.21 0.17 8
MgO 6.92 578 6.94 6.97 6:19 6.93 7.23 D25 6.33 7.54 =
Ca0 9.54 10.04 11.21 61 10.65 12:17 lls 92 1910 10.96 11.68 =
N020 2.78 2.93 2.44 2.49 2.83 2.42 2,56 2507 2375 2.33 3
K20 0.94 1.38 0.65 0.63 0.58 0.38 0.92 1.28 0.70 0.44 5
P205 0219 0.41 0.20 0.21 0.26 0.23 0.31 0.41 0.30 0.20 ;
H20" 0.05 0.04 0.04 0.01 0.01 0.07 0.02 0.06 0.06 0.09 =
10T 1.67 1257 {57 e 1.68 1.08 1.28 11256 1239 092 0.96 &
Sum 100,32 100.15 100.50 100.21 100. 44 100.36 100. 46 100. 41 100.29 100.55

Rb 27 38 15 15 9 8 21 30 14 9

or 196 461 222 230 276 264 389 529 268 249

Y 25 26 27 28 33 27 25 28 31 21

Zr 121 230 97 104 1k 91 147 244 135 82

Mn 1254 1699 1293 1701 1467 1420 1374 1322 1588 1320

Nb 15 30 24 28




Table 4 (continued)

Group 2. Ottfjdllet, drift-boulders

Group 3. Abborrsjon

Sample no. 91 92 93 94 95 22K 23 24 25 26K
SiO2 49,97 49.84 50.00 49.29 51.80 50.62 50.22 49.71 50,02 49.93
Ti02 139 1ile 103 1.99 179 1522 10 1.05 1isili/ 1238
A1203 15.09 14.32 il o) 17.42 13:95 15.60 17.56 17.05 16.95 14.86
Fe203 2.01 171 1.40 2.20 2423 2.20 1582 1.52 1.80 2.09
FeO 8.53 8,26 712 7.04 10.08 7va7 7.08 6.90 7.24 8.86
MnO 0.19 0.18 0.16 0.16 0.21 Q17 (80 0.16 o) [ 0.20
MgO 6,72 9.20 8.40 4.93 5.54 6.64 6.28 7428 597 6137
Ca0 6] 11.95 1 darb 10.83 9.86 10.88 11597 12416 1187 10.85
N020 2.56 2,30 2019 3.04 2.96 2,28 2,39 2.3D 2.24 2.50
K20 0.56 0.44 0.5 il 0.69 0.71 0.42 0.36 0.78 0.87
P205 0.27 0.24 0.19 0.42 0.32 0.15 0.14 0.14 015 0.20
H20_ 0.06 0.07 0.06 0.01 0.05 0.03 0.03 0.03 0.02 0.02
B B o 1.87 1403 1126 165 1.24 1587 1.07 1551 1.91 1.64
Sum 100.23 100.69 100.21 100.29 100.72 99.74 100. 29 100. 22 99.76 99.72
Rb 12 9 16 31 13 14 9 7 22 33
St 240 218 218 360 255 264 265 256 257 295
Y 29 23 23 33 33 37 27 21 26 28
Ir 194 85 72 262 140 90 91 80 102 116
Mn 1479 1405 1276 1258 1647 1314 1222 1245 1280 1527
Nb 32

8¢
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Table 4 (continued)

Group 3. Abborrsjon Group 4. Z\viksberget

Sample no. 27 28K 29 30 31 51K 52 53T 54 85

SiO2 49,59 50.66 50.45 50.10 48.90 50.42 49.73 49.77 50.56 49,09

TiO2 1.06 lic26 1.46 121 1.04 1.24 1.07 1.06 1.32 0.98
A1203 15.82 15.07 14.91 15.10 16.29 15.03 16.78 1530 15.02 16.65
Fe203 1.89 1,92 2,93 3.17 3.22 2.03 3.39 1.74 1.80 1,76 o
FeO 8.22 8.26 7uia 6.25 6.03 8.53 5.31 750 8.67 6.60 E,
MnO 0,17 0,19 Qs .l 0.18 0.18 0.16 0,17 0.18 0.5 ]
MgO 8.02 6.75 6.07 6.82 6.77 6.97 6.80 8.03 6.87 7.36 E
Ca0 1. 2] 10.64 10.50 10.93 11:81 11269 11.86 1. 79 22 12.00 v
N020 2.51 2.34 Lyl 125 1435 2.43 2,09 1496 2.956 2.25 =
K20 0.28 1.00 1.47 2.04 gty 0.27 0.43 0.69 0.41 0.43 8
P205 0.10 0.16 0.20 0.16 D15 0.13 013 0,13 0.17 0.11 E
HZO' 0.02 0.02 0.02 0.02 0.02 0.10 0.10 0.07 0.05 0.13 i
1500 1 12 190 1590 2.44 2.85 0.97 0.90 1.43 0.98 2.10 5
Sum 100.01 99.57 99.39 99.70 99.90 99599 98,75 99.64 99.81 99.61

Rb 8 43 58 106 54 5 12 22 8 1

Sx 206 271 297 327 314 218 276 220 253 259

Y 24 28 30 28 25 25 22 24 30 20

Zx 62 94 121 93 84 76 74 77 102 66

Mn 1341 1487 1308 1312 1357 1401 1247 1285 1408 1194

Nb 12

6G




Table 4 (continued)

Group 4. Aviksberget Group 5. Dunsjofjdllet

Sample no. 56 57 58 59 60 61 62 62T 63 63K

Si02 50.25 50.54 BO72 49.31 50.68 5093 50417 R, 50.32 50.01 :
Tio, 1522 1420 1.40 1.21 1. 2] 1:2¢ 0.86 1509 1.08 1.04 g
A1203 14.86 15.34 15259 16.00 16.65 14.66 17480 18572 16.64 14,96 5
Fe20:3 1.93 2007 2:37 2.42 2.66 1.24 1.36 1.40 1,22 2,67 I
FeO 8.40 7.10 7:29 6.87 6.30 7401 6.06 8.02 e 6. 95 »
MnO 0,19 0.18 0.18 0.18 0.16 0.16 0.14 0.16 0.14 0.18 8
MgO Zoil 6.68 6.26 6.97 6.18 8.49 6.81 6.84 .26 VAT, §
Cal 11.56 10.62 10.27 10.89 10.89 92.80 12.07 tiliz ol 11.41 14 BLoh =
Na,0 2.45 2.14 2:1% 2.00 2.30 2.43 2.27 2.48 2.30 1.80 %
K0 0.38 0:95 1.31 el 1.24 0.86 0.36 0.33 0.42 0.70 rj
P205 Q.12 0.16 0.18 0.14 0.16 0.22 0.11 0,113 0.14 0.l 2 ;
HZO_ 0.08 0.06 0.07 0,07 0.09 0.08 0:13 0.06 0.10 0.10 E
Bt jo 1,36 2.32 2.10 2:52 2:19 1.6] 1.45 0.96 128 lsa0 =
Sum 99.91 99.46 2990 99.69 100.17 99,36 99.64 99.93 99.43 99578 E
Rb 10 26 35 32 35 24 9 4 7 30 é
oFr 228 255 246 249 270 258 288 239 294 219 %
Y 26 25 30 26 26 29 20 25 24 25

Zr 74 92 124 84 105 130 69 82 83 77

Mn 1458 1393 1378 1406 1276 1233 1105 272 1312 1409

Nb 13 s




Table 4 (continued)

}
|
1
| Group 5. Dunsjofjdllet Group 6.
' Sample no. 64 64K 65 66 67 68 69 70 70K 9
$i0, 49.38 50.24 50.89 50.68 49,04 49.07 50.15 50.06 50.56 49.40
TiO2 1.10 1.33 167 1.14 0i7a 0.83 0.87 1502 1.8} 1.06
| A1203 17.06 14.30 14,29 14.36 19.43 18.74 18.35 15.80 14,32 15.46
| Fe203 1.45 2.78 251 1.94 1e71 il 174 1 0b 1.62 2:1h 1.90
| FeO 2,15 787 8.65 8.02 5. 25 6.64 5.65 72l 8,97 7:35
| MnO 0.17 0.21 0.20 0.18 0313 0.14 0.13 0.18 0.20 0.16
} MgO 6.66 6.86 6.95 7. 58 6.76 6.72 6.50 6.94 6.59 997
| Ca0 1% 85 1i.28 10.87 11.62 12.43 12:39 12:50 11.64 10.57 10.54
1 N520 2.7 P 1 2.96 2.28 2.10 210 2.00 2.38 2,51 2.33
| K20 0.46 0.58 0.46 0525 0.26 0.26 0.38 0.34 0251 0.20
| P205 0.13 017 0.20 0291 0.07 0.08 0.10 0.10 0.20 013
H20— 0.11 0.12 0.09 0.11 0.10 0.10 0.10 0.09 0.16 0.04
L0 1 178 1.44 e dd 1.08 1.54 1.38 1537 1.48 125 1,24
Sum 99.47 99,25 99.58 90.35 9996 99,62 99,65 99.66 99.50 99,78
Rb 12 24 9 6 7 7 1 6 12 <3
Sr 262 231 261 230 243 214 295 222 243 198
Y 25 30 33 26 17 19 21 25 33 16
Vit g 80 100 119 65 41 51 63 61 115 59
Mn 1287 1616 1517 1405 1034 1417 999 1392 1526 1214
Nb 17 10 10
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Table 4 (continued)

Group 6. Anéafjdllet

Sample no. 9K 10 10T 11 11K 12 A 13 14 14G
SiO2 51433 50.41 50.69 50,28 50.21 50:72 51,29 52.10 50.80 50.67
Ti02 1.25 1.24 1,29 i 136 127 150 1.60 1.07 1507
A1203 14.83 15.44 16,62 16.26 1hih7 16.20 14.70 1545 16.68 17.08
Fe203 1.63 1.98 1592 1.88 2.04 1,91 170 2,10 1.40 1.40
FeO 8.50 1:82 297 7.64 8.39 7.64 8.49 8./2 Zie)a 6.99
MnO 017 0.7 Ol 7 0.16 0.18 0.16 0.18 0.18 0.14 0. 15
MgO 7.54 7.60 7,18 7786 6.68 6.98 6.94 By l7 7.23 7+20
Ca0 10.96 11.05 11.08 19 e Ve 1115 10.79 10.40 9.89 14520 1311
N020 2.63 2.61 2l 2.67 2.67 2,53 2.a 2.98 2.44 2.46
K0 0.26 0. 25 0.28 0.24 Q27 0.49 087 0.57 0:37 0,97
P205 Q.11 0.14 0,18 QL5 0.15 0.17 0,22 0.20 0.14 15
HZO_ 0.03 0.03 0.05 0.07 0.04 0.06 0.03 0.04 0.06 0.06
L0, 0.93 1.22 0.95 1.04 1.30 1.33 1.38 lis15 1.49 1.68
Sum 100.17 99.96 99299 100. 23 100.00 99.85 100.03 100.75 100.16 100.35
Rb o 8 4 & 6 9 6 14 7 8
Sz 203 225 233 208 193 263 247 248 248 202
Y 25 23 25 21 20 22 32 34 2] 2]
Ir 74 71 73 67 68 95 110 128 74 71
Mn 1354 1313 1305 1272 1403 1207 1360 1381 1123 1129
Nb 15
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Table 4 (continued)

Group 7. Ormruet

Sample no. 15 16 17 170 17v 18 18P 18V 19 196

5102 50,78 49,98 49.72 51.80 51.58 52.34 51.57 52.42 51.53 51.09

TiO2 1429 1.42 0.82 1522 1.28 1.45 1.41 1.89 1.53 1529

A1203 14.99 15,65 16.24 18412 15.04 19.15 15:27 13.90 14,27 16.07

Fe,04 1.76 2.01 1.20 1.84 1.80 his 1527 2.42 2.01 1.68 o
FeO 8.43 8.64 6.18 7.68 7.79 8,29 8.35 290 8.90 7,80 §
MnO 0.17 0.19 0.13 0.16 0.16 0.16 0.7 912 0.18 0.16 9
MgO 7.46 6.73 9.78 6.9] 6.78 6.49 671 s 6.42 6.70 j
Ca0 11201 1121 11,87 10575 10.58 10.28 10.21 9.34 10.31 11505 I
N020 2.591 2409 2.06 2.82 2.51 2.74 2.62 2,90 2.68 2.54 -
K20 0.44 0.36 0.35 0.40 0.49 0.45 0:52 0.62 0.54 0.39 %
P205 0.15 0.17 0.09 0.17 013 0.18 0.21 0.24 0. 21 0.18 =
HZO- 0.01 0.05 0.06 0.01 0.01 0.04 0.07 0.05 012 0.07 ;
L0, 1. 0.96 1.03 11569 1::82 1235 1.30 2.03 1.04 1413 1230 5
Sum 99.96 100.13 99.¢59 99590 99.45 100.58 100. 41 100. 26 99.83 100.17

Rb 5 6 7 7 12 7 14 10 10 6

57 231 198 238 239 229 267 269 257 255 260

e 23 30 17 25 25 28 26 38 29 23

lr 84 98 57 85 82 101 93 135 109 88

Mn 1434 1434 981 1246 1276 1232 1286 1497 1428 1262

Nb 12

£33




Table 4 (continued) =
Group 7. Ormruet Group 8. Funidsdalsberget

Sample no. 20 21 21K 21B 1 2 2K 3 3C 4

5102 D% 78 51406 92:56 51.04 50.43 5012 50:71 50.88 50.90 49.36 :
Tio0, 1.66 1.05 T 1.04 1600 S 1510 1.47 Tl 1:.38 1.16 g
AléO3 14,05 18.10 1393 18.10 16.16 16.96 14.97 16.29 14,69 15.84 6
Fe,04 1.81 11585 2,06 1.58 92 57 1.78 1577 2022 1.80 S
FeO 9.34 6.70 9.42 6,71 6.81 6.82 8.38 7.03 72499 8.14 =
MnO 0.20 0.14 019 0.14 0.16 0415 0.18 0,15 0,17 0.18 8
MgO 6.06 B, 92 6.06 5.84 7407 7::53 709 7:70 7.36 7,89 ;
Ca0 Q.78 11.47 9.61 11.47 10.98 11382 10.66 1123 10452 11.54 E
N020 2:9) 2:9Y 3.00 2.60 2.45 2.31 2.74 2.37 2.74 2.35 g
K20 0.54 0.34 0. 02 0.31 0.37 0,563 0.53 0.36 0.42 0.38 B’
P205 0:2] 0.14 0.21 0.5 0.7 0.15 0.18 Q.15 0.1% 0,13 »2
H20_ 0.07 0.05 0.04 0.01 0.06 0.05 0.06 0.08 D2 0.07 E
e P 1.24 0.81 0.88 116 1570 1.74 1528 T4 18 1.64 1.20 %:
Sum 99.65 29,92 100.15 100.15 99.94 100.30 99.98 100.53 100.34 100.04 E
Rb 1 <3 7 & 6 15 11 Z 8 6 é
Sy 248 270 250 269 254 249 248 246 241 191 9
Y 29 18 30 20 23 21 29 21 29 26

Vi 12 71 121 71 76 7t 105 7.2 88 71

Mn 1522 1064 1503 1077 1210 1166 1386 72 1327 1381

Nb 14 11




Table 4 (continued)

Group 8. Fundsdalsberget Group 9. Ramberget
Sample no. 5K 6 6P 74 7K 8 8K 42 43 44
SiO2 51,33 51.25 0154 50,97 51.83 50.58 50.93 49.76 49.85 48.98
TiO2 1.34 1.49 1.26 1.40 1520 1.2 1.46 1.42 1.34 1202
A1203 14.44 14.88 16.92 16.25 14.07 15.38 15.24 15.09 157 15.80
Fe203 573 1.80 1290 15562 2.1 1565 198 153l 6l 15 A6, e
FeO 8. 77 8.66 Ze 007 7t 9. 580 7.:08 715 9.61 8.75 i e E‘,
MnO 0:19 0.18 Q15 017 0.21 Q315 .17 0.23 0.19 0:15 O
MgO 7.36 6.50 5.88 5.79 550 /.82 6,97 6.16 7.40 8.21 E
Ca0 10.68 10.28 10.87 10.45 8.77 10.81 10.84 9.88 10.92 10.95 =
Nc120 2.58 2073 2.69 2.38 3.09 2.40 2.47 2,58 2.47 2oV -
K20 0.40 0.61 0.48 0.80 el3 Q.71 0.78 1.33 0.35 0.46 8
P205 0.18 0,20 0. 21 0.20 0.26 0.18 0.20 0.15 0.14 0.10 é
H20_ 0.06 0.08 0.08 0.08 0.06 0,05 0.05 =
Ll 14532 1.35 1e22 1.89 1458 1763 1239 2:37 1.45 2.90 &
Sum 100.38 100.01 100.27 99.88 100.06 100.16 100. 21 100.09 99.84 99.67
Rb 10 16 8 18 39 14 15 50 10 15
Sr 193 238 255 248 234 281 276 230 217 268
Y 28 29 27 29 35 25 24 30 31 22
Zr 89 107 109 114 151 132 143 98 88 64
Mn 1461 1399 1179 1286 1615 1192 1289 1819 1452 1163
Nb 14 16 21 13 15 12 s




Table 4 (continued)

Group 10. Ulvberget Group 11. Grévélen

Sample no. 32 32K 33 34 35T 36 37 37K 38 38K
5i0, 50.08 49.75 50.34 50.07 50.33 49,37 48.59 50.28 49.30 50532
Ti0, 1910 1415 1449 122 1.24 1.45 1.13 2 1.09 L
Al203 16.07 15.82 14.72 15562 18572 15¢ 20 16.59 1687 16552 14.53
Fe203 1578 2.58 1,42 2,10 2.45 4,68 2020 lisod g 202
FeO 7.60 6.96 9,18 7,96 7439 5,98 7.61 7493 7:55 8.30
MnO 0.16 0.18 023 0.18 0.18 0.19 017 07 (0,557 174 0.19
MgO dsl3 7.04 6.43 7.40 6.31 6,085 7.86 7.3 677 7.45
Ca0 11.27 11530 10.45 11325 11510 1518 11,50 11.41 115567 11.57
N020 2.44 2,09 2: 61 2.46 2:51 1.34 2.2] 2.43 2,39 2,36
K20 0,27 0.99 0.80 0.32 0.61 0.39 0.28 0.41 0.42 0,38
P205 Q.12 0.13 0.18 0.18 0.14 o ) 0.11 0.11 0.10 o
HZO_ 0.05 0.09 0.06 0.04 0.04 0.05 0.05 0.04 0.06 0.06
Li0. T, 1226 193 1.90 1530 1.61 3.l7 1.49 1.41 2.09 1.48
Sum 100.33 100.01 09,78 100.05 99.63 99.74 99.79 100.03 99.74 99.94
Rb 6 43 22 6 20 9 5 12 12 5
51 283 259 269 241 269 292 205 225 240 218
i 24 23 30 27 26 30 25 25 23 28
Ly 69 76 105 75 81 112 68 64 64 70
Mn 1278 1419 1709 1382 1420 1493 1345 1336 1282 1459
Nb 14

9¢
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Table 4 (continued)

Group 11. Grévélen Group 12. Sdrvfjdllet

Sample no. 39 39K 40 41 45 45K 46 47 48K 49

Si02 50.41 50.40 49,57 50.67 511 §l.36 alicl7 50.19 51.09 49.44

TiO2 1.28 1.44 1540 1.43 1.43 1.66 1.54 1.04 1.45 1502
A1203 15.49 14.88 16.19 14.20 16.38 14.76 14,53 15.65 14.18 16.90
Fe?_O3 1,82 1516 1,87 1,90 2,22 2.53 1.79 2:21 1,99 173 1
FeO 8.28 9.39 8.02 10.26 7.64 8.71 9.34 7420 9.43 12 E
MnO 0.18 0.19 0.16 0:22 R 0,19 0.19 017 0121 0.20 @)
MgO 7.14 6.83 7.89 6.29 5,37 5.45 6.25 772 6.38 FL03 5
Ca0 11,39 11.06 11.49 10.85 10056 9.94 10.57 11.68 10.56 1132 i
No2O 2.44 2:54 2.33 2.64 2.63 2.76 2.65 2.40 2.84 2.38 =
K20 0.39 0.47 0,23 0.38 0.56 0.55 0.56 0.23 0.42 0.62 g
P205 0.16 0L 17 0.11 017 0.18 0.22 0.18 0.10 0.14 0.12 %
H,0" 0.04 0.04 -
1605 Te 1531 1.60 1559 138 1.81 1.62 1.49 15413 1.47 1.98 o
Sum 100.28 100.16 100.06 100.34 100.05 99.75 100.26 9972 100.16 99.86

Rb 9 10 5 12 26 19 20 b 17 23

Sr 259 272 227 205 296 271 245 226 233 254

o 28 30 23 35 31 35 33 22 30 28

Vi 94 105 64 105 117 137 124 60 88 93

Mn 1390 1435 1264 1690 1341 1478 1504 1288 1628 1587

Nb 9

LS




Table 4 (continued)

Group 12. Sdrvfjdllet

Sample no. 49K 49H 50
SiO2 50.83] 49.66 49.69
TiO2 1.14 1.24 0.91
A1203 14.84 16.53 18.60
Fe203 2:47 1.74 137
FeO 6,33 8.08 617
MnO 0522 0.20 0.14
MgO 8.01 6.88 6./2
Ca0 10.76 10.77 12.38
N020 2,23 2.44 2518
K20 k4 s 0.58 0.28
P205 0.14 0. 15 0.10
H20'

L5001 2.48 2,15 1.54
Sum 100.05 99.42 100.08
Rb 31 60 8
Sy 280 324 281
Y 24 25 18
i < 74 89 59
Mn 1675 1513 1080
Nb 5

8¢
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