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INGEMAR CATO

ABSTRACT

Cato, Ingemar 1987: On the definitive connection of the Swe-
dish Time Scale with the present. — Sveriges geologiska under-
sokning. Ser Ca, No. 68. pp. 1-55, Uppsala 1987.

This paper deals with the results of an investigation of the late
postglacial and recent sediments in the lower part of the Anger-
manilven river valley in northern Sweden. The Swedish
geochronological time scale mainly established by G. De Geer
and R. Lidén has in this area been extended up to, and for the
first time definitively connected to the present time (1978) by
means of varved clayey-silty sediments. This was only possible

in consequence of the unique deposition, still in progress, of
varved sediments in the Angermanilven non-tidal estuary. The
results show that the previously calculated gap of 980 years
between R. Lidén’s youngest varve 7522 found at Prdstmon
and the historical year 1900 A.D. should be extended with 365
years. This implies that the revised, commonly used zero year
(Borell & Offerberg 1955) in Doviken (Indalsélven river val-
ley), marking the boundary between the finiglacial and post-
glacial epochs in Sweden, can be dated to 7288 B.C. (9238
years B.P.) instead of the old date 6923 B.C. given by E.
Nilsson in 1960.

Preface

An exact connection of the Swedish Geochronological
Time Scale with the present has long been a matter of
urgency to both Swedish and foreign geologists. Despite
several attempts in the 20th century none of these im-
proved on the provisional connection achieved by
Ragnar Lidén (1938) with the help of the land elevation
curve from the Angermanilven Valley. R. Lidén soon
realized, however, that an exact connection of the Time
Scale with the present would only be possible via the
collection of drill cores from the delta area of the river.
Professor Bertil Kullenberg of Goteborg University,
Assoc. Professor Erik Fromm and Dr. Lars Granar of
the Geological Survey of Sweden (SGU) carried out the
first attempts with this method in the 1940’s and 1950’s
but no connection with R. Lidén’s varve series was
thereby attained.

It was against this background that Dr. Ake Hornsten
in connection with his investigations of the chronology
of the glacial clay varves in the coastland of Angerman-
land, after consultation with R. Lidén, began his prep-
arations for a new attempt at a linkage, for which funds
were requested for the first time in 1969. The funds
were, however, returned to the National Environment
Protection Board since no suitable survey ship was avail-
able etc.

Within the framework of the IGCP Project “Quater-
nary Glaciations in the Northern Hemisphere” (IGCP
24) with Professor Jan Lundqvist (Stockholm University)
as project leader A. Hoérnsten, after several appli-
cations, in 1978 obtained an initial grant for this project
from the Swedish Natural Science Research Council.
The Geological Survey of Sweden has since financed the
project and finally the Research Council paid for the
printing of the Report.

The layout and planning of the project in 1978-84
were executed by A. Hornsten and the author in consul-
tation with J. Lundqvist and E. Fromm.

The author was responsible for the processing, compi-
lation, and authorship of this Report. The computer
programmes were devised by Jan Schedin. Irma Ortman
digitalized the clay varves diagram while the author saw
to the computer runs. Assoc. Professor Valter Axelsson
of Uppsala University contributed X-ray photographs
of two sediment cores drilled in the context of another
project. E. Fromm placed unpublished clay varve
measurements from 1945 at the disposal of the project
for a comparative study of independently executed
measurements of clay varve thicknesses.

Field work was carried out under the leadership of
A. Hornsten and/or the author in the years 1978, 1982
and 1983 by G. Ekman, U. Asbrink, B. Henriksson,
B. Kjellin, R. Smedberg, B.Thunholm (all from SGU)
and by J. Lundgyvist (Stockholm University) and A. Jo-
nasson (Géteborg University). The drawings were made
by A.-C. Sjoberg, at SGU and the paper was linguisti-
cally corrected by T.J.M. Gray.

Reports from this project have earlier been given by
Cato in 1981, in 1985 and in 1986.

The National Board of Fisheries placed the survey
ship R/V Argos at the disposal of the project in 1978.

Valuable comments on the MS. were offered by As-
soc. Professors Bo Stromberg (Stockholm University)
and Birgitta Ericsson of SGU.

I express my deep gratitude to all.

Uppsala 15th October 1984
Ingemar Cato, Assoc. Professor
Geological Survey of Sweden




CONNECTION OF THE SWEDISH TIME SCALE WITH THE PRESENT

Introduction

Judging by our present knowledge the valley sediments
of the Norrland rivers would seem to be more regularly
formed and more completely preserved in the valley of
the Angermanilven (Fig. 1) than in any other of the riv-
ers rising in the mountains of Northern Sweden. This
special circumstance was established already at the begin-
ning of the century by Ragnar Lidén when he worked
for Gerard De Geer in the extensive geochronological
investigations of Sweden in the years 1905-6. Lidén no-
ticed not only the layered structure of the river valley
sediment but also that the lamination of these sediments
was highly reminiscent of the stratification in annual
varves of the glacial clay.

It was in all probability these observations which even-
tually led Lidén to the successful testing and application
also to river valley sediments of the geochronological
method devised by G. De Geer (e.g. G. De Geer 1912,
1940). During the years c. 1909-15 Lidén worked on a
systematic measurement of the varved structure of the
sediments in the Angermanilven river valley. The pur-
pose of the investigation was to illustrate the geological
and geographical development of the landscape chrono-
logically during Late Quaternary time and until the
present.

In a lecture entitled “On the deglaciation and the
postglacial land upheaval in Angermanland” Lidén pre-
sented his first, preliminary results at a meeting of the
Geological Society of Sweden in Stockholm in May 1911
(Lidén 1911).

The definitive results of the geochronology of the
deglaciation of Angermanland were published two years
later (Lidén 1913). The postglacial chronology was long
delayed however, notwithstanding that according to the
documents which Lidén left behind it was more or less
ready for publication c. 1915 (see further Lidént & Cato,
in press). Not until 1938 did a breif summary appear of
the results of Lidén’s very extensive geochronological
work on the postglacial sediments in the valley of the
Angermanilven (Lidén 1938). Surprisingly enough no
varve diagrams were included in this work. From each
delta surface only the chronological number of the youn-
gest varve was given in connection with the account of
the course of the Late Quaternary shore displacement
in the valley of the Angermanilven. Lidén’s varve dia-
grams are however now published in their entirety (Lidén
& Cato, in press).

Parallel with Lidén’s work along the Angermanilven
river De Geer also tried to extend the Swedish Time

Scale through the postglacial period in the Ragunda dis-
trict. Since Lidén had encountered certain initial difficul-
ties during his work in the valley of the Angermanilven
De Geer set his sights on a more limited area which in-
cluded L. Ragunda, drained by Vild-Hussen in 1796, on
the Indalsidlven which runs some 50 km south of the
Angermanilven (Fig. 1). In 1911, by means of a very
detailed profile comprising both glacial and postglacial
varves in a gully at Vikbéacken he tried to measure the
entire varve series until the year 1796 and thereby directly
connect the Time Scale to historical time. The attempt
failed because the uppermost varves were very thin and
rendered indistinct by weathering. Nevertheless De
Geer estimated the number of postglacial varves at about
7 000 (G. De Geer 1912).
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Fig. 1. Outline map showing the location of the Angermanilven river,
its tributaries, and the area investigated.
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The work in the vicinity of Ragunda continued, how-
ever, until Caldenius (1924) showed that the task was
impossible of accomplishment in that the sedimentation
in the former L. Ragunda ceased long before the lake
was drained.

De Geer’s attempts to connect his varves series from
the Indalsilven valley with those of Lidén from the
Angermanilven also failed at first although e.g. the pro-
file from Vikbicken displayed certain, albeit not convinc-
ing, similarities.

Thus Lidén’s late glacial and postglacial chronology
would have remained unconfirmed had not De Geer
measured an excellent series of 400 undisturbed varves
at a level crossing near Gasnas (Resele parish) on the
Angermanilven. This series provided a definitive con-
nection comprising 350 varves (covering the period —210
to +140 in De Geer’s chronology, viz. the years 300 to
650 in Lidén’s Time Scale) between the Swedish Time
Scale devised by De Geer in the south and Lidén’s varve
series from Sand, and thereby the whole of his late
Quaternary chronology in the valley of the Anger-
manilven (G. De Geer 1924 and 1940, Pls. 75 and 76).

This connection could be verified much later through
Borell & Offerberg (1955), who succeeded in linking
several of their varve series from the Indalsilven river
valley with Lidén’s glacial series from Sand and Utnis.

Further studies of the course and chronology of the
deglaciation of the Angermanilven, the Indalsidlven and
several neighbouring rivers were performed by Hornsten
(1964), Lindstrém (1973) and F6z6.(1980). It is of special
interest that F6zo was able convincingly to connect both
Lidén’s (1913), De Geer’s (1940) and Borell & Offer-
berg’s (1955) varve series from the valleys of the Anger-
manilven and the Indalsilven respectively with his own
(covering the period from c. —310 until +70 in Borell &
Offerberg’s Time Scale, viz. the years 117 to 497 in Li-
dén’s glacial chronology) from the water systems of the
Angermanilven, the Faxalven, the Fjallsjoalven and the
Indalsélven (Fig. 1).

He could thereby establish that Lidén’s measurements
never lack a single varve, as is the case in Borell & Offer-
berg’s series. F6z9’s attempts to obtain a connection
with Lindstrom’s diagram series (roughly comprising the
period from —10 to +70 in Borell & Offerberg’s Time
Scale, i.e. the years 467 to 497 in Lidén’s glacial chron-
ology) were however beset with major difficulties and
imposed on Fozo shifts of up to 35 years of Linsdtrom’s
diagram vis-a-vis Foz6’s own. This means that both
F6z0’s connections with Lindstrom and Lindstrém’s con-
nections with Lidén must be regarded as highly uncertain
and only preliminary at present.

6

Hoérnsten (1964) too achieved good agreement be-
tween graphs of glacial varves (covering the period from
c. —400 to the year 0 in Borell & Offenberg’s Time
Scale, i.e. the years 27 to 427 in Lidén’s glacial chron-
ology) from the valleys of the Angermanilven, the
Indalsilven, the Nitran, the Moilven and the Gidedlven
and the varve diagrams of Lidén and Borell & Offer-
berg. Unfortunately Hornsten does not give any clay
varve diagrams in his paper so that it was not possible
for Foz0 to incorporate these in his current work from
1980. Both Borell & Offerberg and Hornsten state that
they lack certain years, or have one or more varves in
excess in comparisons between the varve series of the
different river valleys. Yet Hornsten (1964, p. 19) re-
gards this circumstance as being of minor importance
since the total error should not be more than a few
years. Thus it is feasible to consider that the chronology
of the recession of the ice in the great valleys of Anger-
manland, and thereby this part of the Swedish Time
Scale, is satisfactorily explained.

During the supra-aquatic melting of the inland ice the
estuary of the Angermanélven river was displaced about
20 km by the land upheaval from the Junsele area to
Garelehojden. According to Lidén (1913) the estuary
was located here in the year 747 in his Time Scale, viz.
747 years after the edge of the ice reached Fillon outside
Hirnosand (Fig. 1). The year 747 denotes the boundary
between glacial and postglacial varves in the valley of
the Angermanilven (Lidén op. cit. p. 19).

G. De Geer set the boundary in his chronology be-
tween finiglacial and postglacial time at a thick drainage
varve which he observed inter alia at Vikbicken and
Doéviken in the valley of the Indalsdlven (G. De Geer
1940). In his view this varve registers a drainage east-
ward of the Ice Lake of Central Jamtland when it broke
through the melting remains of the land ice (the bipar-
tation). Through De Geer’s linkage of his own and
Lidén’s chronologies this so-called bipartation varve or
the zero year (G. De Geer 1924) was found to corre-
spond to the year 510 in Lidén’s chronology (G. De
Geer 1940 p. 172). From Lidén’s extrapolation (see be-
low) of his chronology in Angermanland to the year
1900 A.D. De Geer’s zero year could be dated to 6839
B.C. (Fig. 1 in Lidén 1938).

Be that as it may, Caldenius (1913, 1941) and later
Borell & Offerberg (1955 p. 23) concluded that the Vik-
backen and D6viken varves were not created at the same
time. The Vikbicken drainage varve derived from a new
drainage, which happened at least 80 years later. Accord-
ing to E. Nilsson (1960) the Doviken varve is 84 years
older than the Vikbacken varve, which in turn means
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Fig. 2. Map of Torsaker glebe from 1701. The situation of the Styres-
holm Fortress (constructed during the first half of the 14th century and
destroyed in 1434) at Preston island is marked

that the former (from Lidén’s extrapolation of the chron-
ology of the Angermanilven until 1900 A.D.) could be
dated to 6923 B.C. (E. Nilsson 1960).

Thus there are two zero year varves, the thicker of
which, the Doviken varve, corresponds to the year 427
in Lidén’s system, and now constitutes the zero year in
the revised conventional Swedish Time Scale. Accord-
ingly several drainage varves have been recorded in the
valleys of the Indalsilven and the Faxilven (inter alios
Borell & Offerberg 1955, F6z6 1980). In addition many
ice lakes have been reconstructed, as well as several
possible drainage routes (J. Lundqvist 1959, 1973, F6z6
1980) in the precipitation area of the Indalsilven. As a
consequence the theory of the incidence of bipartation,
and - if it really happened — when it occurred has been
discussed and questioned (among others Frodin 1954,
J. Lundqvist 1959, 1973, G. Lundqyvist 1961, F6z6 1980).

From a chronological standpoint it is of course essen-
tial to know which zero year is meant (the Vikbécken
or the Doviken varve), and also that the true varve can
be identified.

Lidén’s postglacial chronology comprises over 7500
varves and ends with the surface varve 7522 at Prist-
mon. This site, a delta terrace, was once an island
(“Praston”), according to a map of Torséker glebe drawn
in 1701 (Fig. 2). The western branch of the river, which
still existed at that time, is now wholly dry. On the
northern part of the delta terrace stood Styresholm For-
tress (Fig. 3), which was founded during the first half
of the 14th century (Modin 1933). The fortress incorpor-
ates two moats, the excavated bottom of which lies 3 m
below the delta plateau. The bed of the moats consists
of 3 dm of river sediment overlaid with remains of car-

bon and eroded soil (Lidén 1938). The latter is assumed
to derive from the destruction of the fortress during
Engelbrekt’s War of Liberation in 1434,

With the help of these historical data Lidén could es-
tablish the course of the displacement of the shoreline
during the last 600 years, and from this roughly estimate
the interval between the formation of the delta surface
at Prastmon and the year 1300 A.D. as c. 380 years. In
other words Lidén postulates that the 7522 years which
his varve series comprises must be supplemented by 980
years to connect the Time Scale with the year 1900 A.D.

Ebba Hult De Geer (1933) arrived at a similar result
(1018 years) by means of biochronological teleconnec-
tion between a several thousand year old sequoia tree
in California and Lidén’s varve diagram from Pristmon.
Nevertheless it must be remarked that Lidén’s varve
diagram from Prastmon, which Ebba Hult De Geer pre-
sents in her work, differs widely on several points from
Lidén’s original diagram from c. 1915 (see further p.
41). The comparatively close agreement between Li-
dén’s and Ebba Hult De Geer’s results is thereby even
less convincing.

There is yet another ground for doubt in this context,
viz. as regards the dating of Styresholm Fortress. Lidén
assumed the year 1300 (Lidén 1938, p. 402), while Modin
(1933, p. 27) states that “‘the fortress was erected during
the first half of the 14th century”. This yields a maximum
uncertainty of 49 years.

In addition there is Lidén’s calculated land upheaval
of 1.25 cm/year during the last millennium, which is
much greater than the recent land elevation of 0.80-0.85
cm/year in this area (Bergsten 1954). According to Wen-
ner (1968), Tauber (1970) and Fromm (1970) this cir-
cumstance implies that the uncertainty in the interval
calculated by Lidén (980 years) may be in the order of
+350£150 (Wenner op. cit.), +200£100 (Tauber op.
cit.) and +2002300 years (Fromm op. cit.) respectively,
i.e. between 0 and 500 years.

Lidén’s contemporaries must be content with his pro-
visional connection as reported above, even though the
postglacial varve chronology, and thereby the whole of
the Swedish Time Scale was not ““absolutely” connected
with the present. The reason was inter alia the fact that
the sediments deposited by the river between Pristmon
and the delta at Nyland were still not sufficiently ele-
vated above the sea, and that the most recent varves
still lay below its surface. Thus the varve series essential
for the connection were not accessible to Lidén. The
possibility arose later with the emergence of modern
drilling methods, a possibility which Lidén, too, envis-
aged at an early stage (Lidén 1938). Despite several

7
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Fig. 3. The Styresholm Fortress by the Angermanilven river in June 1983 (Photo: I. Cato).

attempts (Kullenberg & Fromm 1944, Fromm 1945 un-
published and Granar 1956) none succeeded in connect-
ing Lidén’s profile from Prastmon with the recent varves
outside the mouth of the Angermanilven at Nyland,
since the collected recent and subrecent varve series did
not include a sufficiency of connectable varves.

According to E. Nilsson (1968) the estuary of the
Angermanilven would still seem to be the only known
area in the world where it is feasible by means of varve
measurements to connect the Swedish Time Scale with
the present era. He also emphasized that this is the
most essential task currently facing geochronology.
Fromm expressed the same opinion at the 12th Nobel
Symposium in Uppsala in 1969 (Fromm 1970), since the
largest individual misconception in the Swedish Time
Scale may lie just in Lidén’s provisional connection with
the present as described above. The shortcomings and
uncertain factors in the Time Scale were later discussed
in detail also by J. Lundqvist (1975). Lundqyvist, too,
indicates the necessity for a revision of certain parts of
the Swedish Time Scale if this in the future is to be con-
sidered as definitively established.

8

With this objective in mind a revision programme for
the Swedish Time Scale was begun in 1975 within the
framework of the International Geological Correlation
Programme, IGCP (inter alios Stromberg 1981, 1983 and
1985). The international importance of the execution of
such a programme is clearly indicated in Fairbridge
(1981) and Schove & Fairbridge (1983), who emphasize
the need for an exact year to year chronology as a basis
for studies of diverse occurrent Late Quaternary cyclicit-
ies.

It is against this background, and the need existing in
Late Quaternary research, that the present undertaking
within the framework of the IGCP Project “Quaternary
Glaciations in the Northern Hemisphere” (IGCP 24)
was launched at SGU at the instigation of A. Hoérnsten
in the late summer of 1978. The purpose of the Project
was to seek to enlarge Lidén’s chronology with new varve
series which extend as far as our own time. A definitive
connection of the Swedish Time Scale with historical time
would then be possible and thus a presumed major uncer-
tain factor in the Scale would be eliminated.
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The Angermam‘ilven River

The riverine area of the Angermanilven is the third lar-
gest in Sweden. From the source in the mountains to the
delta in the Baltic the area is 300 km long with a maxi-
mum breadth of 150 km in the central parts. The
Fjillsjoédlven and the Faxilven constitute the most im-
portant tributaries (Fig. 1). The total drainage area
covers 31 890 km?, 7.5 % of it consisting of lakes. The
height above sea level averages 475 m with a maximum
altitude of 1 589 m (Melin 1954). The estuary of the river
extends some 50 km inland from the Baltic northeast to
north from Harnén, north of Harnosand, to Nyland, 35
km southeast of Solleftea. The river’s course ends at
Nyland with a 15-25 m high distal slope where its fresh
water is layered over the penetrating salt (brackish)
water of the Baltic Sea (Bruneau 1956). This stratifi-
cation of the water mass is revealed in Fig. 4 which
illustrates the vertical distribution of oxygen and density
in the estuary on an occasion with “normal” conditions
in 1952.

The density isobases show that the sea water mingles
more or less immediately with the effluent river water
at Nyland. The low oxygen values in the Kramfors Basin
bear further witness that not only the depressions but
also the entire Basin may at times manifest oxygen de-
pleted conditions (Bruneau op. cit.).

The bottom profile in Fig. 4 shows that the estuary
of the Angermanilven consists of a glacially deepened
channel in the fissured valley system of Norrland’s check-
ered plateau landscape (see Rudberg 1954). At Svanon,
Sandén, Abordson and Hemsén there are sills which
reach a depth of between 10 and 18 m, interspersed with
depressions which in several cases plunge to 90 m and
in one instance, in the Kramfors Basin, right down to
112 m.

The bulk of the bedrock in the riverine area consists
of older and younger Archean bedrock (gneisses gran-
ites, pegmatites, rapakivi granites) and older sedimen-
tary rocks (greywackes, shales, sedimentary gneiss) (T.
Lundqvist 1980). Between 30 and 65 % of the precipi-
tation area consists of till deposits (G. Lundqvist 1958,
J. Lundqyvist, 1987). Glaciofluvial deposits in the form
of short eskers occur mainly in the valleys. In the lower
reaches of the Bjorkan such isolated eskers are to be

found inter alia at Styrnas, Prastmon, Aspby, Sandslan,
Nyland and on Sandon in the Nyland fjord. These
glaciofluvial hills are frequently associated with outcrops
of rock (Arnborg 1959).

The highest coast line (HK) in the area (see definition
inter alia , Cato 1982) or according to older literature the
Baltic Limit (BG) (Halden 1933) was formed by the
Ancylus Lake.

Below the HK, primarily in the deeply incised valley,
fine-grained sediments occur (chiefly silt). These com-
prise the characteristic valley deposits which consist
partly of Late and Postglacial fjord sediments, partly of
alluvial sediments, which were deposited concurrently
with the continuous elevation of the land and left in the
valleys as terrace planes and delta surfaces (Lidén 1913).

Gullies and bluffs which, together with the flat terrace
surfaces, are characteristic for the area have been cut
out from the fine-grained valley sediments. In the river
system of the Angermanilven the gullies are formed
approximately as far as the HK. There is e.g. a very
marked gully landscape around Solleftea, where the dif-
ference in level between the highest terrace plane and
the gully mouths amounts to some 50 m (Arnborg 1959).

The extent of the alluvial sediments is not known in
detail but there is a survey in J. Lundqvist (1987). Alluv-
ial sediment denotes recent gravel and sand deposits
which have been carried along the bottom by flowing
water, as contrasted with recent accumulation sediments
which are transported in suspension. The thinly varved,
blue-grey glacial clays occurring in the area are overlaid
by postglacial fine silt deposits, so-called postglacial fjord
sediments. In some areas these are in turn covered by
alluvial sediments (Lidén 1913).

A compilation of the soils along the shores of the
Angermanilven (Fig. 15 in Arnborg 1959) shows that
the upper reaches of the river are dominated by
glaciofluvial and till deposits, the central sections by fjord
sediments, and the lower stretches by alluvial sediments.

Rock outcrops are of very rare occurrence in the inves-
tigated area. They have only been observed at Stengrun-
det (glacial eroded slabs), about 500 m above

Hammarsbron.
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Fig. 4. Bottom profile chart of the Angermanilven estuary showing the distribution of oxygen (mg/1) (a) and density (o) (b) in the water mass
on August 19th, 1952 (from Bruneau 1956).
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The Stratigraphy and development of the Angermanz‘ilven River Valley

Due to the deep depression of the land on the retreat
of the inland ice, the waters of the former Bothnian Sea
penetrated deep into the river valleys of Norrland as the
ice receded. In the valley of the Angermanilven the
former fjord, 20-30 km wide, extended as far as Sollef-
ted, where projecting rock peaks and ridges ramified it
and divided it into an archipelago landscape. To the
west an arm of the fjord joined the valley of the In-
dalsélven, and to the north a great expanse of water
extended between the valleys of the Angermanilven and
the Faxilven. Then the fjord ramified and more or less
followed the river valleys in stretches several km wide.
In the valley of the Angermanilven the former fjord
reached up to Kortingselet above Junsele, in the
Fjillsjoélven to Bodum, and in the Faxilven to Flyn
above Ramsele (Fig. 5).

In connection with the receding ice margin, mentioned
above, the Baltic gradually formed the highest coast line
(HK), which in the coastal regions of Angermanland is
to be found at about 280 m above sea level, only to de-
cline to some 230 m in the inner reaches of the former
fjord (inter alios Lidén 1913, Hornsten 1964, Lindstrom
1973). Since the land was exposed to intensive elevation
at the time of the formation of the HK, and in addition
was covered by the receding inland ice, the former shore
marks were created metachronously. The HK’s metach-
ronous isobases run more or less parallel with the coast
(Fig. 5), but curve inward just along the Anger-
manilven, probably because the recession of the ice was
faster in the valley than in the surrounding highlands
(Hornsten op.cit.).

The deglaciation of the inland ice in Angermanland
covered a period of about 750 years (Lidén 1913). The
ice front took 425 years to recede from the present coast
to the inner reaches of the former fjord, as recorded by
Lidén in the bottom varve of the glacial clay at nearly
30 sites in the valley. Within the area of the former fjord
the rate of recession of the inland ice was 200400 m/
year (Lidén 1911), and in the valley of the Indalsilven
240-500 m/year (Borell & Offerberg 1955). Hornsten
(1964) and Lindstrém (1973) arrived at similar or some-
what higher values in neighbouring areas.

The recession of the ice from the inner reaches of the
former fjord was followed by a period of about 325 years
when the final deglaciation occurred supra-aquatically.
By reason of the elevation of the land the river estuary
was shifted during this period about 20 km along the
valley to Gérelehdjden. The sediments in the upper parts

of the valley are therefore purely glacial due to the fact
that the deposition of varved glacial clay continued also
after the inland ice had vanished from the former fjord.
This deposition persisted so long that the melt water from
the remaining ice residue was the determining hydro-
graphical factor. Due to the diminishing accumulation
of mud the varves of the glacial clay steadily became
thinner in the upper layers of the deposits.

According to Lidén (1911) the thickest layers of clay
were deposited along the deep channel of the former
fjord. For instance, the clay at Multra, where the former
fjord was about 250 m deep, has a thickness of at least
10 m, while that at Tunsjon, where the depth was 130
m, is only a bare metre thick.

A high proportion of the deposited clay was however
eroded during the continuous elevation of the land at the
same time as the river mouth gradually shifted along the
valley. The postglacial sediments which were thereby
first laid down over the glacial clay on the bed of the
former fjord became a grey-blue, usually unvarved clay,
designated postglacial fjord clay by Lidén (op.cit. 1913)
(equivalent to the “bottom sediment” in Caldenius’ stra-
tigraphy in 1924). This was then overlain by grey, fine
silty, varved, distal delta sediments (see p. 20), which
gradually, as the estuary approaches, yield to silty-sandy
to gravel proximal delta sediments (Fig. 6).

Thus, at the river mouth which was shifted by the elev-
ation of the land to lower levels, there was gradually
created a coherent delta formation, the surface of which
was shaped into an even plane sloping down the valley.
Accordingly each varve in the delta sediments begins at
the delta surface and plunges distally toward the lower
reaches of the valley at the same time as it gradually
becomes finer grained, thins out, and is overlain by
gradually younger varves.

As the river mouth was shifted to lower levels the
delta planes upstream were elevated above the sea. Inso-
far as the elevation proceeded the watercourses fre-
quently cut their way through the loose sediments to the
underlying till, glaciofluvial deposit, or bedrock.

In consequence of this erosion and the formation of
gullies in the delta planes, most of the already deposited
delta sediments were transported away and redeposited
on the continuous expansion of the delta downstream.
The bulk of the material in the postglacial delta sedi-
ments therefore derives from these redepositions.

Thus in their present form the alluvial sediments are
only erosion residues of the original filling which was

11
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Fig. 5. The metachronous isobases of the highest coast line of the Bothnian Sea in Angermanland, central Sweden. The grey areas represent
land above the highest coast line and black areas ancient delta deposits (from Hornsten 1964).

accumulated right across the valley. The original delta
surface is as a rule preserved in the uppermost sediment
plateaux and in the terrace ledges. The lower terraces
are flood plain terraces since they were created when the
river’s flood plain sank through the sediments as the river
bed shifted position. They are more or less deeply in-
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cised in the delta sediments and often enlarged by flood
plain sediments. At the base of the unconformity to the
delta sediment there is river gravel overlain by stratified
sand which was deposited during the river’s high water
periods. In this way the upper, thick, postglacial sedi-
ment series of the Norrland rivers were and are formed.
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Fig. 6. Typical section through the valley sediments along the Angermanilven river (from Lidén 1913). B.G. = HK (the highest coast line).

The glacial and postglacial layers thus form, up to the
flood plain sediments, a continuous sequence of deposi-
ted annual varves.

On the basis of these varved sediments it was pos-
sible, as mentioned on p. 5, for Lidén (1913, 1938) to
follow the development of the river and chronologically
link the glacial period with the postglacial.

It has thereby emerged that the shift of the river mouth
from Gérelehéjden to Nyland proceeded during a con-
tinuous land elevation during c. 8500 years (Lidén 1938).
Throughout the 92 km long course of the river the shift
was 11 m/year on an average in the postglacial period
(Arnborg 1959).

The rate of elevation of the land during the deglaci-
ation in Angermanland was according to Lidén (1913)
about 12 cm/year, only to decline exponentially in the
river’s postglacial period to approximately 1 cm/year in
present time (Fig. 1 in Lidén 1938).

A calculation by Arnborg of the progress of the re-
cent delta front before the regulation of the river (i.e.
before 1950) can on the basis of soundings executed c.
1875 and 1950 be estimated to 3-8 m/year. Somewhat
lower figures, 34 m/year, are mentioned by Caldenius
(1924). The variation in the figures depends on the differ-
ent rates of movement of different delta lobes.

Since only suspended material can be transported from
one reservoir to another this has the consequence accord-

ing to Arnborg (1959) that coarser material, which in
an unregulated river would have reached the delta, will
be accumulated in the reservoirs. The speed of advance
of the delta front should therefore be slower today than
before the regulations of the river in 1939-66.

The oldest, relatively accurate map of the investigation
area is dated 1678 and drawn by Ch. J. Stenklyft (Fig.
7). A characteristic feature of the map is the large num-
ber of islands and tributaries which convey a very differ-
ent picture of the delta morphology 300 years ago,
compared with the wholly sub-aquatic delta plain of to-
day (see Fig. 8). In 1678 there were 32 islands between
Styrnds and Nyland, 10 of them being of considerable
size. At present there are only nine islands, of which
Gistgardson, Froksholmen, Lillholmen immediately
south of Froksholmen, the Lillholmarna islands just north
of Styrnas, Utnasgrundet and Logrundet are natural for-
mations, while Lilla Norge consists chiefly of ballast from
boats. The island at Sodra Sandslén has to some extent
been changed by excavations in the sound between the
island and the mainland.

The development of the area east of the present course
of the river offers the most interesting aspects as regards
its formation in connection with the advance of the delta
and the process of the later elevation of the land. Accord-
ing to Stenklyft’s map this specific area contained some
20 islands, the largest of which, called Hammarson, was

13
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Fig. 7. Part of the C.J. Stenklyft’s map of the lower Angermanilven river from 1678.

3 km long and 1 km wide. It comprised inter alia what
is now Sandslén and the glaciofluvially caused highlands
to the north-east thereof. Above Sandslan Storholmen
was situated, delimited to the north by the Loan. At the
source of the latter there was a 50-100 m wide water-
course which was fed by the former Loan river. This
branch of the river, known as Losundet, followed a wide
curve down to Kungsgardsfjarden (marked as Gédnas-
viken on Stenklyft’s map). Before it reached
Kungsgérdsfjarden it increased in width east of Ham-
mars6n into a 1.5 km wide river filled with islands of
varying size. As late as 1787 Losundet still presented a
network of watercourses but according to Arnborg
(1959) it is not likely that the main river still flowed
there. Instead the 200-300 m wide branch of the river
west of Hammarson was by then responsible for the flow
of water.

Nowadays the landscape has changed (Fig. 9). The
eastern branch on the 1678 map is dry, but in the terrain
it is still possible to distinguish the channels which once
separated the islands. The bottom of these former chan-
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nels is now often overgrown with sedge vegetation (Fig.
10), which is indicated by the fact that the ground water
is more or less visible there. Similar dried up channels
are to be found at Prastmon, where Praston and Holadn
once lay. Today the islands have cohered to the land.
Styresholm Fortress once stood on the northernmost
part of the southern island (see p. 7).

The main features of Gistgardson were formed already
in 1678. A major land formation has however occurred
within the upper part, inter alia the former *“Arpby6h-
ren” has merged with Gistgardson (Arnborg 1959).
Similarly a land formation has taken place on the op-
posite bank of the river south of Froksholmen. On the
other hand a 100 m long island, “Svart Holmen”, in the
river outside the mouth of the Loan has disappeared
completely by erosion.

Judging by Stenklyft’s map an island formation also
occurred askance from Hammars engineering workshop.
This island is now eroded away, and according to Arn-
borg (1959) the area reveals sediment washed up from
the bottom of the former fjord.
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Fig. 10. Part of a dried sound from the ancient eastern branch of the Angermanilven river. The photograph was taken about 1.5 km north
of Dannero. Today the bottom of the sound is covered with sedge vegetation indicating a high ground-water level (Photo: I. Cato).

It is of special interest for this work that since 1678 a
peninsula has emerged northward from Kungsgards-
fjarden’s south-westernmost limit toward the land (Fig.
9, see further p. 44).

Within the investigation area there are no signs of
meander formations, which Arnborg (1959) attributes
to the heterogeneity of the sediment, the incidence of
bedrock outcrops, and the rapid deep erosion associated

with the elevation of the land. All these circumstances
have promoted the concentration of the currents to a few
channels and the cohesion of island formations with the
mainland. These conditions have contributed crucially
to the very good preservation in such large measure of
the original varved postglacial sediments, and thereby
facilitated a continued expansion of Lidén’s chronology.

The investigation area

The investigation area extends along both sides of the
River from Kramfors in the south to Prastmon 20 km
to the north (Figs. 1 and 8). The level conditions in the
area have been measured photogrammetrically by Arn-
borg (with the reference level 0 above sea level accord-
ing to Sweden’s precision levelling in 1900) and reported
in a map with 2 m equidistance (Arnborg 1959, P1. II).
Within the area the Angermanilven presents a dis-
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tinct curve at Styrnias Church, caused by the mountain
massif on the left bank. South of Utnés the topography
was such as to permit filling of the prehistoric fjord with
delta sediment which reaches about 8 m above sea level.
Channels, island formations and terrace planes of delta
type are common in this area. The right bank, however,
displays no delta forms but instead presents a series of
islands of fluvial sediment (see Fig. 7) which gradually
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cohere (‘“‘Prestholmen” and ”Holaén™ at Pristmon) or
are in process of being joined to the mainland (Gist-
gardson, Froksholmen). The area on the left hand side
of the River between Utnas and Kungsgardsfjirden, on
the other hand, consists of a delta landscape with plane
terraces built up of fluvial sediment. The area abounds
in eroded deep channels (Fig. 10) which have been
formed without visible primary connection to the bottom
morphology of the former fjord.

Immediately west of Dannero there is a stretch of high
land which reaches 18 m above sea level. Linked with
this ridge there is a now in large measure extracted, thick
glaciofluvial deposit, which in the proximal parts is over-
lain by about 0.5 m thick wave-washed sediment (gravel)
(J. Lundqvist, 1987). In the distal parts at Sandslan there
is almost only sand with current strata and unconformity
surfaces.

The present delta plane is situated south of Hammars-
bron between Nyland and Sandslan. Kungsgérdsfjarden,
with a central maximum depth of about 26 m (Arnborg
1959, PI. II), is more or less cut off from the estuary of
the River by the extension of the delta.

The delta is delimited toward the estuary by a well
marked rebound slope, outside which the depth rapidly
increases from about one to five m at the edge of the
precipice to between 15 and 25 m at its foot. Here begins
the present estuary which consists of a greatly deepened
fissure with a depth of 50-100 m (see above).

The recent delta plane is wholly sub-aquatic in conse-
quence of the considerable depth of the original estuary
and the rapid elevation of the land, 0.85 cm/year (Berg-
sten 1954), which, according to Fromm (1944), prevented
the delta from being built up to project above the water
surface. The thickness of the sediment at the delta
amounts, according to Arnborg (1959), to an average
of 50-100 m. It is composed of several separate sand

lobes on a relatively even bottom beside the deep chan-
nel of the main current which attains a depth of 10 m.

Arnborg’s (op. cit.) stratigraphical investigations of
the bottom show that the active delta plane is built up
of bottom transported, chiefly sandy, and even fine
gravel material with inclusions of coarse gravel (no-
menclature according to SGF’s Laboratory Committee
1981, Karlsson & Hansbo 1982). The bulk of the sus-
pended matter which was recently accumulated on the
delta plane consists of fine silt. As a rule clay is not rep-
resented in the delta sediments but may in isolated cases
amount to 1-2 %. The clay was deposited primarily be-
low the delta in the estuary of the River.

The mobility of the delta has been greatest in connec-
tion with high water flow in the River. With a water
discharge of less than 1000 m*/sec practically all bottom
transport is thought to cease (Arnborg op.cit.).

The lack of solid bottoms below Hammarsbron has
had the result that the delta ramification normally caused
by the current could continue in the area. Recently (af-
ter 1950), however, the accumulation of fine sediments,
has changed markedly. The stable accumulation bottom,
which was found in 1950 in the left-hand side of the
delta area, had by 1958, according to Arnborg (op.cit.),
spread over almost the whole delta plane. Arnborg con-
siders that this results solely from reduced high water
flow in consequence of the regulation of the River.

In Arnborg’s opinion (op.cit.) the delta of the Anger-
mandlven is of a special type since it flows into a deep
fjord. In all probability these special circumstances,
coupled with the low salinity of the Baltic Sea (5%o ac-
cording to inter alios Pietikainen et al. 1978), allowed a
deposit of varved postglacial, and varved subrecent and
recent sediments. This kind of sedimentation continues
in the area even today (see p. 41).

Field work, coring and sampling

The current project was launched in August and S >ptem-
ber 1978 with field investigations around the mouth of
the Angermanilven. With the help of available drilling
data from the Swedish State Railways, the National
Road Administration, other investigations (by inter alios
Arnborg in 1959) and SGU’s own probings eight drill
sites along the Angermanilven were selected in consul-
tation with Professor Jan Lundqvist and Dr. Ake
Hornsten. These sites were located on both sides of the
river between Lidén’s old site at Prastmon and the estu-

ary of the Angermanilven just below Nyland (Fig. 8;
details are given in Table 1). The cores were drilled by
means of a Swedish foil piston corer, FC, (Kjellman et
al. 1950). The diameter of the drill is 38 mm, and its
construction allows of the obtainment of intact cores of
up to 11 m in length. This is possible because the friction
between the drill core and the drill tube is reduced with
the help of twelve 0.1 mm thick steel foils.

The collection of recent and subrecent sediment pro-
files was executed from the National Board of Fisheries’
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Table 1. Data from the foil piston corestaken close to the Angermanilven river-mouth.

Core Site Position Date Ground Pene- Coring Core Noof Con- Notes
No Lat. Long of surface! tration start-end length varves nec-
coring (Interval (m) (mbelow (m) measu- ted
inm above ground red
sea level) surface)
11 Nyland 63°00'28" 17°46'10" 1978 0-2 >15 1.60-9.50 790" n.d; No  Noproximal varves,
bioturbation
12:1 Kungsgardsfjarden 63°00'20" 17°48'11" 1978 0-2 >20 {11‘;8-—1;(118} 14.60 367 Yes
12:2 63°00'20" 17°48'11" 1982 0-2 >27 - 4151335 9.20 155 Yes
10.00-17.30
12:3 63°00'20" 17°48'11" 1983 0-2 >27 317.30—20.60% 13.05 786 Yes
20.45-23.05
13 Hammar 63°01'34" 17°46'42" 1978 4-6 >14 230-11.70 940 n.d. No  Indistinct varves
14 Gistgardson 63°02'38" 17°46'56" 1978 4-6 >14 1.70-11.50 9.80 874 ¥es
15 Dannero 63°01'22" 17°48'46" 1978 24 >15 1.80-11.50 970 949 Wes
16 Froksholmen 63°03'42" 17°49'00" 1978 8-10 >16 3.00-12.70 9.70 660 Yes
17 Prastmon 63°04'37" 17°45'49" 1978 8-10 >16 3.30-12.80 9.50 181 Yes
18 Sandslan 63°00'56" 17°47'42" 1978 24 >12 1.00-10.40 9.40 n.d. No Indistinct varves,
bioturbation
19 Sursundet 63°00'48" 17°48'25" 1982 0-2 >13  2.05-12.20 10.15 48 Yes
20 Edholmstorpet 63°00'43" 17°49'21" 1982 0-2 >15  1.30-3.70 240 - No  Erosion
21 Kungsgarden 63°00'07" 17°50'07" 1983 0-2 143 1.00-1090 990 - No  Noproximal varves
22 Pershem 63°01'05" 17°48'14" 1983 2-4 >21 3.50-13.20 9.70 469 Yes

! According to plate II in Arnborg (1959, Part II).

ship R/V Argos in the inner reaches of the River’s estu-
ary between Nyland and Kramfors (Fig. 8; details are
given in Table 2).

The cores from the fjord bottom were taken by means
of a piston corer, PC (constructed by Axel Jonasson and
described by Kullenberg 1947) 10 m long with a diame-
ter of 45 mm. All the sites (1-6) which were sampled
with the piston corer, together with two further sites (8
and 9), were also sampled with a 1 m long gravity corer,
GC (Jonasson & Olausson 1966). The latter in view of
the fact that it is very difficult to set the release mechan-
ism of the piston corer when sampling so that sodden
and unconsolidated recent superficial sediment such as
that of the Angermanilven can be obtained intact. On
the other hand this was possible with the help of a gravity
corer. All the cores, with the exception of the gravity
core samples, have been divided into 1 m sections,
packed in plastic foil, and transferred to specially con-
structed sheet-metal boxes and wooden crates for further
transport to a laboratory. The severely unconsolidated
gravity cores, on the other hand, were transported in
upright position in their plastic tubes.

In the laboratory the drill cores were divided longitudi-
nally and the halves were turned sideways on, after
which one half was allowed to air-dry for a while until
its sediment assumed the degree of humidity at which
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the limits of the varves are most distinct. The measure-
ment of the varve thickness and the construction of the
varve diagram then followed the accepted principles and
the method which was first devised and developed by
G. De Geer (1912 and 1940). The measurement of the
varves was executed on the drill cores as far down in the
series of layers as the varves were discernible, or until a
sufficiently large overlap with the adjoining profiles had
been obtained.

Once the varve series from the 1978 collection were
identified and connected with each other a gap proved
to exist between core 12 (designated 12:1) beside
Kungsgardsfjarden and other profiles further upstream.
This gap was not expected as the core reached a depth
of 16 m as a result of two drillings.

An attempt was made to fill this gap in November
1982, when profiles 19 and 20 were drilled together with
the deepening of site 12 (designated 12:2). The gap could
not be filled this time either. Therefore a new attempt
was made in June 1983, when profiles 21 and 22 were
drilled and site 12 was deepened again (designed 12:3).
The deepening to 23 m at this site proved to be successful.

In the present investigation sediment cores to a total
length of about 200 m were collected and over 10000
varves measured and counted. After rejection of sedi-
ment cores from certain sites (11 Nyland, 13 Hammar,
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Table 2. Data from the piston and gravity cores taken in the Angermanilven non-tidal estuarty.

Core Coring Position Water Dateof Core No of Connec- Notes
No  technique Lat. Long depth coring length varves ted
(m) (cm) measured
1 Piston Corer 62°58'37" 17°47'01" 97 1978 932 n.d. no Very few proximal varves
1 Gravity Corer 62°58'37" 17°47'01" 97 1978 54 n.d. no Indistinct upper part
2 Piston Corer 62°58'55" 17°47'00" 53 1978 966 767 yes
2 GravityCorer  62°58'55" 17°47'00" 53 1978 7 44 yes
3 Piston Corer 62°59 21" 1724717 47 1978 749 144 yes
3 Gravity Corer 62°59'21" 17°47'17" 47 1978 53 29 yes
4  Piston Corer 62°58'02" 17°47'08" 68 1978 604 n.d. no Very few proximal varves
4  Gravity Corer 62°58'02" 17°47'08" 68 1978 45 47 yes Not connected, erosion (?)
5  Piston Corer 62°57'42" 17°47'32" 2 1978 816 n.d. no No proximal varves
5  Gravity Corer 62°57'42" 17°47'32" 92 1978 58 n.d. no Disturbed varves
6  Piston Corer 62°57'07" 17°48'17" 100 1978 791 720 yes
8  Gravity Corer 62°59'50" 17°47'06" 19 1978 66 32 yes
9  Gravity Corer 62°58'08" 17°47'18" 75 1978 76 35 yes
491  GravityCorer  62°59'10” 17°47'13" 42 1979 47 29 yes X-ray, Axelsson (1983)
Table 3. Data from other investigations used in the present work.
Core Site Coring Date of No of Reference
no. technique coring varves
orother
methods
- Priastmon Measured in a bluff ¢.1909-15 1091 Lidénin Lidént & Cato, in press
I Nyland Piston Corer 1952 83 Granar 1956
II Nyland Piston Corer 1952 63 Granar 1956
v Nyland Piston Corer 1952 99 Granar 1956
D Nyland Piston Corer 1945 432 Fromm unpubl.
E Nyland Piston Corer 1945 510 Fromm unpubl.
E Nyland Piston Corer 1945 516 Fromm unpubl.
2b Nyland Piston Corer 1943 16 Kullenberg & Fromm 1944

18 Sandsldn, 19 Sursundet, 20 Edholmstorpet, 21
Kungsgérden together with piston cores and gravity cores
1, 4, 5 from the estuary of the Angermanilven) which
for various reasons did not yield results in the form of
measurable or intact varve series, more than 110 m sedi-
ment cores remained for further processing. Of these
some 6500 varves from 17 sediment cores have been
measured, correlated to each other, and connected with
eight series of a total of 2800 varves from Kullenberg &
Fromm (1944), Granar (1956), Fromm (unpublished)
and Lidén (Lidén t & Cato, in press), see compilation
Table 3.

The correlation work was carried out with the help
of hand-drawn varve thickness diagrams and sketches

of specific varves.

At a later stage the hand-drawn and correlated varve
thickness diagrams were digitalized (with a precision of
varve thickness of +0.5 mm), stored and plotted in a
system developed by J. Schedin on SGU’s Prime/550
Computer in order to assume the form in which they are
presented in this paper. The system, with the programme
written in Fortran, signifies in brief that the digitalized
clay varves are stored in a data base (Mimer, relation
data base system) from which the points are plotted via
a programme which automatically retrieves the desired
data on varve thickness from the data base and pro-
cesses them on a Calcomp plotter.
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General description of the sediment profiles and varve diagrams

The appearance of all the drill cores in the present inves-
tigation agrees with Lidén’s (1911, 1913 and 1938)
observations of the postglacial sediments in the bluffs
of the river valley, and with Kullenberg & Fromm’s
(1944) observations of the recent and subrecent sedi-
ments in the estuary of the Angermanalven.

The stratigraphical structure of the fluvial sediment is
illustrated in Fig. 6 and described on p. 11. In view of
the terminology which will be used below there is reason
to expound and clarify certain concepts once more since
Lidén’s figure (Fig. 6) verges on the summary.

The till or the coarse glaciofluvial material in the val-
leys of the Norrland rivers is overlain by glacial clay on
which is superimposed the grey-blue, rarely varved post-
glacial estuarine clay. On this rests first postglacial,
chiefly fine silty, varved, distal delta sediment, which
gradually gives way to silty, sandy, varved, proximal
delta sediment. In certain cases unvarved flood plane
sediment such as recent fluvial sand or gravel is to be
found unconformable to proximal delta sediments.

The corings FC 11, 13, 20 and 21 penetrate the glacial
clay while the others terminate in the postglacial sedi-
ments. At drill site FC 20 (Fig. 8) almost all the post-
glacial sequence of layers are eroded, presumably by the
former eastern branch of the River (Losundet), which
flowed here until the mid 18th century (see p. 14).

Sandy flood plane sediments several metres thick oc-
cur on top of the postglacial varved sediments at coring
sites FC 19 and FC 22. These corings and a dozen prob-
ings demonstrated that the greater part of the varved
delta sediments on southern Sandslan are covered by
flood plane sediments.

The grain size (nomenclature according to SGF Lab-
oratory Committee 1981, Karlsson & Hansbo 1982) of
all the cores drilled on land within the investigation area
varies primarily between fine silt and fine sand but lay-
ers of medium sand occur. The fine silt predominates in
the deeper, distal deposits of sediment while fine and
medium sand appear in certain proximally deposited lay-
ers in the upper parts of the sequence.

The recent sediments in the estuary of the Anger-
manilven display similar variations. The sediment pro-
files GC 8, GC 3 and PC 3 nearest the delta (Fig. 8) are
predominantly of coarse silt to fine sand, the profiles
GC 2, PC 2 and GC 9 are medium to coarse silt, and in
the most distal profile PC 6 — in relation to the delta —
the sediments are of fine silt. The expected trend with
declining grain size with increased distance from the
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delta front in the recent sediment layers is also valid if
the perspective goes from the recent sediments in the
upper part of the profiles to the lower, subrecent parts
of the same profile. The reason for the latter state of
affairs is that the delta, via the elevation of the land,
wandered down the River and thereby eventually ap-
proached the sampling sites with the result that the
gradually accumulated and overlain sediments became
increasingly coarse in character.

As in the case of the glacial clay (e.g. G. De Geer
1940) the postglacial sediments in the valley of the Anger-
manilven are varved (Fig. 11 a—e). Each varve consists
of two zones, a lower with relatively coarse-grained, and
an upper with fine-grained material. In contrast to the
often distinct, black glossy, so-called winter layer of the
upper sections of the glacial clay, the upper zone of the
delta sediments consists of a thinner, grey to dark grey
clayey to fine silty layer. This layer is frequently com-
posed of a lower, thicker, dark part and an upper,
thinner, light grey part, which occasionally contains sand
and gravel particles (Fig. 11c) (cf. Kullenberg & Fromm
1944). The lower, coarse-grained part of the postglacial
varves is usually much thicker than the upper zone. As
an extreme example we may mention the 88 cm thick
varve 8894 in profile PC 3 Nyland (Fig. 13 c), the lower
layer of which is about 85 cm thick. The difference is
rarely so great, however, as the conditions at 1:3-1:5 are
more representative. But the variations are consider-
able, primarily in the proximally formed varves.

By and large the more coarse-grained, thicker part
of the varves has few prominent internal layers (Fig.
11b). Where these occur they comprise sedimentary
structures marked by different degrees of rust colour,
indicating periods of bed load transport (Fig. 11a, varve
no. 7625 cf. Caldenius 1924 p. 41 and Bergstrom 1968
p. 38). Turbidites have also been observed.

The above account of the sediments outlines the gen-
eral trend displayed by the stratification. But variations
and deviations are common so that the sequences of lay-
ers may be described as variegated. There is no point in
reporting these changes in grain size and colour in de-
tail. In general, however, it may be said that thick varves
are lighter and consist of coarser grain sizes than thin
varves.

In order to illustrate the structure of the recent varves
in the estuary of the Angermanilven Kullenberg and
Fromm carried out a number of approximative determi-
nations of the grain size composition of the different
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Figs. 11a—c. Photographs of parts of varved sequences in cores from Gistgardson (), Kungsgérdsfjirden (b) and Nyland (c). The numbering of
the varves constitutes a direct continuation of Lidén’s postglacial chronology, where varve 1 corresponds to the first postglacial varve in the valley
of the Angermanilven. The arrow marks a sand grain. (Photo: I. Cato).
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d €

Figs. 11d—e. Photographs of parts of varved sequences in cores from
Gistgardson (to the left) and Dannero (to the right). Note the good
agreement between the individual varves. Concerning the numbering
of the varves, see Fig. 11a—c. (Photo: I. Cato).

varve sections by measurement and counting under a
light microscope (Fig. 12 and Table 4). The grains were
thereby divided into magnitudes between 0.6 and 20 um,
while grains larger than 20 um were combined in two
subgroups for each grain size class according to Atter-
berg (1903). Six to 12 hundred grains were counted per
analysis. The proportion of the different grain categories
in the total, expressed in volume per cent, were cal-
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Table 4. Grain-size distribution expressed in volume percentages in
different parts of varves from recent sediments of the Angermanilven
estuary (from Kullenberg & Fromm 1944).

Sample  Unit Clay Fine Medium Coarse Fine
silt silt silt sand
2A Summer Traces 0.2 4 40 55
2B Winter 0.5 2 18 63 16
3A Summer Traces 0.5 7 48 44
3B Winter 0.4 3 19 54 V'
3C Summer 0.1 0.6 8 50 41
3D Spring 0.8 4 29 59 8
4A Winter 1.4 5 35 58 1
4B Summer 0.4 4 39 55 2

culated with the help of grain numbers and the theoretical
mean volume for isodiametric grains in the respective
grain magnitudes. In almost all samples the number of
clay particles exceeded the total number of larger grains
but when converted to volume the clay quantity became
insignificant.

Kullenberg and Fromm (op.cit.) found that all the
layers were composed of well sorted material. The differ-
ence in grain size between the fine-grained and coarse
layers was greatest in the proximally deposited varves.
The fine-grained layers also proved to contain a larger
element of organic detritus and sulphur iron.

Concerning the mode of formation of the postglacial
varves Kullenberg and Fromm (1944) reached the same
conclusion as formerly reported by Lidén (1911) and
Caldenius (1924): i.e. the coarse-grained majority of the
varves, which wholly determine their thickness, were
deposited during high water periods in the spring and
early summer, when the River’s capacity to transport
material is at its greatest. The content of organic mater-
ial and sulphur iron in the lower, darker zone of the
fine-grained layer shows that this was deposited over a
relatively long interval, probably throughout a low water
period, when oxygen-free bottom water and sulphur iron
fall-out could ensue.

In connection with the melting of the ice on the river
and the incipient spring flood which aerates the bottom
water and transports fine mud, the upper, light zone of
the fine-grained layer was deposited. This is confirmed
not least by the fact that this part of the layer contains
sand and gravel grains dropped by the ice.

The thickness measurements performed in the current
investigation are reported together with Lidén’s original
measurements (Lidént & Cato, in press) of the 500 up-
permost varves from his classic site at Prastmon in Figs.
13a-k. The varve thickness diagrams bear the varve
number at the bottom and at the top two time scales
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exactly connected with the present. The one states the
age of the varve before and after the present (B.P.) and
the other before (B.C.) and after (A.D.) the Birth of
Christ. The numbering of the varves (in Figs. 11a—e, 13a
— 131 and 25a-25b stated as PG varve no.) constitutes a
direct continuation of Lidén’s postglacial chronology for
the valley of the Angermanilven, where varve 1 or year
1 corresponds to the deposition of the first postglacial
varve (Lidén 1938).

The varve thickness diagrams for the profiles GC 2,
GC 3, GC8, GC9, PC 2, PC 3 and PC 6 comprise the
total length of the profiles included (with the exception
of the lower, disturbed parts of PC 6). In the other pro-
files the measurements and reports are confined to such
a depth that a sufficient number of varves overlapping
and connected to adjacent profiles (in general 300-500)
were obtained.
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Remarks on varve connections and varve diagrams

In order to obtain an exact connection between the pres-
ent and Lidén’s postglacial geochronology, and thereby
with the Swedish Time Scale it was essential in this
project to achieve to following:

1. An exact dating of the uppermost recent varves in the
bottom sediments from the non-tidal estuary of the
Angermanilven River, and proof that varve for-
mation is still in progress there.

2. A connection with Lidén’s youngest varve series at
Prastmon and specific verification of varves
7061-7522 in this series.

3. A link between the varve profiles in points 1 and 2,
and completion of the expected difficult passage be-
tween sub-aquatic and supra-aquatic sediments in the
Nyland area.

Dating of recent sediments

The first important phase of the work thus involves an
attempt to confirm the calendar year affinity of the
youngest varves since it is not feasible without further
ado to assume that the uppermost varves in the bottom
sediment really were formed continually prior to the
year of sampling. In order to clarify this, correlations
were sougth with inter alia the water discharge of the
Angermanilven. Such hydrographical observations are
available, having been kept since 1909 by the Swedish
Meteorological and Hydrological Institute (SMHI)
(Melin 1954 and unpublished). ’

This means that discharge data are extant for a 40
year period both before and after the regulations of the
River’s natural flow. The first of the regulations was
effected in 1939 and this was later followed by others.
Today the River has a degree of regulation of 41 % at
its mouth. The maximum mean daily discharge in the
Angermanilven is reported for the period 1909-78 in
Fig. 13 a—. The water discharge measurements for 1946
onwards derive from Solleftea. The total discharge for
the preceding period was obtained by combination of the
discharge data from Forsmo (the Fjillsjodlven and the
Aseleilven) and Langsele (the Faxilven) (see Fig. 1).

The successive changes in the River consequent upon
the storage reservoirs and the hydro-electric plants can
clearly be discerned in the discharge diagrams from
Sollefted for the years 1946 to 1958 (Arnborg 1959) and
in Fig. 13 a—c. A comparison between the regulated and
the reconstructed discharge (Arnborg 1959) demonstra-
tes that the spring flood peaks have been curtailed to
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an increasing extent (see e.g. Fig. 14). That this change
occurred primarily after 1950 is indicated by Fig. 13 a—,
which show that the maximum mean daily discharge
before 1950 could amount to about 3200 m*/s while since
1950 it has never exceeded 2000 m%s.

Since the snow melting proceeds at a more or less
uniform pace within the precipitation area the spring
maxima tend to take place around June Sth (Arnborg
1959). In connection with heavy rainfall in the late sum-
mer the discharge can reach a new peak which has on
some occasions meant that such a high water has ex-
ceeded the spring flood, as happened at Forsmo in 1909,
1918, 1921, 1954 and 1957 (Arnborg op.cit.).

As previously mentioned by both Kullenberg &
Fromm (1944) and Granar (1956) there is a direct, obvi-
ous correlation between the maximum daily mean dis-
charge in the spring and early summer floods in the
Angermanilven and the thickness of the corresponding
varve. This correlation is also proven in the present inves-
tigation (Figs. 15, 16 and Table 5). The correlation with
the mean value of the spring flood, or with the mean
value for the total annual discharge, on the other hand,
is far less clear or in some cases non-existent. This was
not the case at e.g. Lovatnet in Norway where a good
correlation was found between the varve thickness and
the monthly mean discharge during the period May to
October (Olsen 1978).

The recent fluvial erosion, transport and deposition
in the lower Angermanilven was examined in extensive
studies by Arnborg (1958, 1959) and B. Nilsson (1971,
1972, 1974, 1976) and more recently by Axelsson (1980,
1983). B. Nilsson’s work shows that the transport of
suspended matter before the regulations of the River
amounted to an average of 85000 tons per year in the
period 1951-57. During the intensive development stage
(1962-66) the transport reached an average of 116000
tons, and after the expansion it diminished by 53000
tons to an average of 32000 tons per year (see Fig. 17).
Thus the regulation involved a major interference with
the natural condition of the River. By and large the trans-
port of suspended inorganic material to the delta was
reduced by 60 % after the latest regulation. It is also
probable that the bottom transport out to the delta has
declined (B. Nilsson 1974). The changes in the water
level after the regulations, however, brought new points
of attack for the erosion both in the storage reservoirs
and along the River. According to B. Nilsson the erosion
below the Sollefted dam may have increased by more
than 30 %. Since the adjustment of the landscape to the
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Fig. 15. The varve thickness of core PC 3 versus maximum daily mean  Fig. 16. Regressions of varve thickness of different cores versus maxi-

discharge during the period 1909-35 in the Angermanilven estuary. mum daily mean discharge during periods between 1909-78 in the

The correlation coefficient, r, is 0.68. For further details, see Table 5. Angermanéilven estuary. The correlation coefficient, r, varies between
0.50-0.80. For further details, see Table 5.
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Table 5. The regressions of the relationship between varve thickness,
y, (mm) and daily mean discharge, x, (m?s) in the Angermanéilven
river. The relationships follow the equation y=ae®*.

Core Years y=aeb*
a b n r

PC2 1909-19 0.11 2110 11 0.65
PC3 1909-35 0.44 2410 27 0.68
PCé6 1909-19 0.07 2510 11 0.80
GC2 1927-71 0.53 1.8 10° 45 0.52
GC3 1944-73 0.36 23 167> 30 0.57
GC8 1940-72 0.60 2010 33 0.63
GC9 1922-57 0.65 1.6 107 35 0.80
GC491' 1949-78 0.69 2110 29 0.50

! from Axelsson (1983)

new water level and discharge conditions takes a long
time it is thought (B. Nilsson op.cit.) that the increased
erosion will continue for several years to come until a
new equilibrium is attained.

In his work from 1976 B. Nilsson demonstrated the
strong logarithmic correlation which prevails between
the annual mean discharge and the annual transport of
suspended matter in the Angermanilven (Fig. 18). There
is also a distinct linear correlation between varve thick-
ness and annual transport of suspended matter, as illus-
trated in Table 6 and Figs. 19-20. The present regression
analyses do not include the years between 1962 and 1966,
viz. the years when the Sollefted Dam was under con-
struction, by reason of their uniform deviation (see Fig.
17). It should be observed too that these years also devi-
ate in B. Nilsson’s diagram of mean discharge versus
annual transport of suspended matter (Fig. 18).

Through the strong correlation between varve thick-
ness and maximum mean daily discharge in the spring
and early summer floods it was possible to link the varve
thickness profiles from the gravity cores GC2, GC3,
GC8 and GC9 and the piston cores PC2, PC3 and PC6
with the maximum mean daily discharge curve for the
years 1909-78 (Fig. 13 a—). Similarly, varves measured
on X-ray films of core GC491 (Axelsson 1980, 1983)
have been correlated to the series of hydrographical
observations (Fig. 21). Radiological techniques
(Axelsson 1972), where the sediment is depicted intact
inside the lining tube, have also allowed identification
of the very youngest, very loose, unconsolidated varves
up to 1979 A.D. With normal procedures, viz. varve
thickness measurement with the strip directly associated
with the extracted core, such an identification is imposs-
ible because the sediment flows out into a structureless
mass too diffuse for varve measurements. The somewhat
more consolidated sediments under this uppermost,
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Fig. 17. The annual transport of suspended matter in 1000 tons at the
bridge over the Angermanalven river close to Hammar. The values
were calculated with different methods (after B. Nilsson 1974).
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Fig. 18. The annual transport of suspended matter in 1000 tons versus
the annual mean discharge in the Angermanilven river in 1950-61
(solid circles), during (crosses) and after (open circles) the period of
power plant building (after B. Nilsson 1976).
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Table 6. The linear regression of varve thickness, y, (mm) and annual
transport of inorganic suspended matter, x, (ton) at the river mouth
of the Angermanilven. The relationship follows the equation y=ax+b.

Annual transport
of suspended

Core  Years matteracc.to Y=ax+bn r Except
data given by a b years

GC2 1950-70 B.Nilsson (1974) 0.06 1.9115 0.60 1962-66
Hydrokonsultin
GC9 1950-57 B.Nilsson (1974) 0.10-0.05 7 0.67 -

GC 491°1951-70 B. Nilsson (1974) 0.06 2.7113 0.63 1962-66", 1967

1. period of power plant building
2. subaquatic slide
3. from Axelsson (1983)

loose layers are also disturbed in some cases, albeit to a
much lesser extent. This is illustrated by the uppermost
varves (younger than 1960 A.D.) in gravity core GC2.
The disturbance by compaction in the collection of this
core has had the result that the varve thicknesses
measured are misleading for the years 1960-71 A.D. It
was nevertheless possible to establish the number of

varves (Fig. 13 a).

The varve thickness diagrams from the profiles
sampled with piston and gravity corers could thus be
convincingly correlated with the discharge in the River,
and the calendar year affinity of the varves could thereby
be confirmed. It was also possible to connect the sedi-
ment profiles with each other, and with Kullenberg &

Varve thickness
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T T T T

x103 ton /year

Fig. 19. Varve thickness of core GC9 versus the annual transport of
suspended sediment during the period 1950-57 in the Angermanélven
river. The regression analysis does not include the year 1956 (cross).

The data on the annual sediment transport are from B. Nilsson (1974).

200 Sediment transport

Varve thickness
mm

104

T T T T AR
o 100 200 Sediment transport
*10° ton/year

Fig. 20. Varve thickness of core GC2 versus the annual transport of
suspended sediment during the period 1950-70 in the Angermanilven
river. The regression analysis does not include the years 1962-66 (cros-
ses). During this period the power plant at Sollefted was built, which
obviously influenced the sediment transport in such a way as to dis-
turb the illustrated relationship. The data on the annual sediment
transport are from B. Nilsson (1974).

Fromm’s (1944) profiles from 1943 (the cores 1a, 1b, 2a
and 2b, comprising varves from 1926-42 A.D.) and with
Granar’s (1956) profiles from 1952 (the cores PC I, PC
IT'and PC1V, covering varves from the period 1850-1950
A.D.). Kullenberg & Fromm’s profile 2b and Granar’s
profiles are reported in Fig. 13 b—. Yet in comparison
with the profiles PC2, PC3 and PC6 it seems as if
Granar lacks the varve for 1885 A.D., and that he has

Varve thickness
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GC 491

T T
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Fig. 21. Varve thickness of core GC491 (data from Axelsson 1983)
versus the annual transport of suspended sediment (data from B. Nils-
son 1974) during the period 1951-70 in the Angermanélven river. The
regression analysis does not include the years 1962-67 (crosses). Dur-
ing this period the power plant at Sollefte was built and in 1967 a
sub-aquatic slide occurred from the delta front. Events which ob-
viously influenced the sediment transport in such a way as to disturb
the illustrated relationship.
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Fig. 22. X-ray photographs of two unextruded sediment cores (491 and 966) with adjoining bottom waters from the Angermanilven estuary close
to the sampling site PC3 (Fig. 8). The annually laminated cores (marked with calendar years) were collected with an interval of about four
years. The core 966, collected in 1983, contains four new varves on the top compared with core 491 collected in 1979. This proves that the varves
are annual and that the deposition of varved sediments is still in progress in the estuary. The X-ray photographs were kindly placed at the
author’s disposal by V. Axelsson. Department of Physical Geography, University of Uppsala.

counted a possible double varve 1894/5 A.D. as two
varves. This assumption is also strengthened when Gran-
ar’s profiles are compared with Fromm’s previously
unpublished varve measurements from 1945 (Figs. 25
a-b). For this reason the presumptive errors in Figs. 13
b—c have been corrected.

Formation of double varves is obviously not unusual
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in this area. Such occurred in 1945 A.D. (gravity core
GC2) and 1967 A.D. (gravity core GC 491) (see also
p. 49). That it really is a matter of double varves in these
two profiles and not lack of varves in the other profiles
emerges from the comparison of the covariation between
the varve thickness and the water discharge (Fig. 13a).
It is also known that underwater slides occurred in both
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these years in consequence of severe spring floods in the
River (Axelsson 1983).

The above indicates that the calendar year affinity of
the recent varves could be established in the cores studied
with the help of discharge data from the River. The very
close agreement with coincident peaks, valleys and
groups in the diagrams covers a 70 year period, viz. the
entire period in which discharge measurements have
been made in the River. Furthermore the good agree-
ment is reinforced by the demonstrated mathematical
correlation between both the maximum mean daily dis-
charge and the varve thickness (Figs. 15 and 16), and
between the annual sediment transport and the varve
thickness (Figs. 19-21). Moreover the calendar year af-
finity of the varves is confirmed by certain extreme
varves formed partly by turbidities originating in under-
water slides (see e.g. Axelsson 1980) and partly because
the regulations of the River from primarily 1950 on-
wards have reduced the varve thickness due to dimin-
ished spring flood peaks in the discharge.

In order further to verify the calendar year affinity
of the recent varves Fig. 22 shows X-ray films of two
sediment cores collected by V. Axelsson in the estuary
of the Angermanilven (Nylandsfjirden) in 1979 and
1983, i.e. with a four year interval. A comparison of the
appearance of the varves clearly indicates that in the
latter core (GC 966) four more varves were created dur-
ing the four years which had elapsed since the collection
of the former core (GC 491). This shows that the varves
are annual, and that the sedimentation and varve for-
mation is still in progress in the area, i.e. the uppermost
varve at the bottom of the bay is formed during the cur-
rent year.

These studies made it possible to establish the calen-
dar year affinity of the recent varves and thereby the
connection of the varve series to the present.

The link with Lidén’s profile from Pristmon

The second phase of the project comprised a new study
of Lidén’s southernmost site at Prastmon. The purposes
of this drilling were the production of a new profile from
the classic site and the verification with a new profile
of Lidén’s previously unpublished diagram from Prist-
mon. This diagram pertains to Lidén’s own version
(which is now partly reported in this paper and in its
entirety in Lidént & Cato, in press), and differs from a
diagram of Lidén from Prastmon published after modifi-
cation by E.H. De Geer (1933).

The youngest varves (7061-7522) in Lidén’s post-
glacial time series were before the present paper rep-

resented only in his Prastmon profile, which naturally

involved some uncertainty since these varves could not

be verified by other profiles. All other profiles of varves
earlier than 7061 of Lidén have indeed been verified by
his own varve series (see Lidént & Cato, in press).

Ebba H. De Geer checked Lidén’s varve profiles,
preserved in zinc tubes at the Stockholm Institute of
Geochronology, by Lidén’s varve measurement slips.
She states (E.H. De Geer 1933 pp. 206-7) that a couple
of varve limits were doubtful in Lidén’s measurement,
and that she added one varve each at three places in
Lidén’s profile. According to E.H. De Geer this applies
to the years 715, 720 and 754 A.D., following her corre-
lation with the annual rings of the sequoia tree. Yet a
check of Lidén’s unpublished diagram from Pristmon
against the diagrams which E.H. De Geer includes in
her publication from 1933 indicates that:

1. E.H. De Geer’s varves 715 and 754 A.D. are missing
in Lidén’s diagram. These two varves would have
lain between varves 7221 and 7222, and 7258 and
7259 respectively in Lidén’s postglacial chronology.

2. E.H. De Geer’s varve 720 A.D., on the other hand,
is not missing in Lidén’s diagram (as E.H. De Geer
alleges). The varve therefore corresponds to Lidén’s
varve 7226.

3. E.H. De Geer also reports Lidén’s varves 7523-7526
in her diagram. These varves are not to be found in
Lidén’s diagram. According to Fromm (verbal com-
munication) Lidén omitted varves formed later than
7522 from the Prastmon profile. The reason for this
is unknown.

4. Lidén’s varve 7266 is missing in E.H. De Geer’s dia-
gram. The varve would have lain between varves 761
and 762 A.D. according to E.H. De Geer’s chron-
ology.

5. E.H. De Geer’s varve sections 779-818 A.D. and
901-2 A.D. do not resemble the corresponding varve
sections (7285-7323 and 7405-74066 respectlvely) in
Lidén’s diagram.

6. E.H. De Geer’s varve 880 A.D. is missing in Lidén’s
diagram. The varve would have lain between Lidén’s
varves 7384 and 7385.

Thus there are considerably more discrepancies be-
tween E.H. De Geer’s reported profile and Lidén’s
unpublished profile from Prastmon than can be deduced
from the text of E.H. De Geer’s paper from 1933.

Another remarkable detail is that in this paper from
1938 Lidén states that the surface varve 7522 at Prist-
mon corresponds to the year 1018 A.D. according to the
annual ring series of the sequoia tree. A scrutiny of E.H.
De Geer’s diagram (1933 p. 209) indicates that varve
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7522 at Prastmon instead corresponds to the year 1013
A.D. E.H. De Geer states in the text (1933 p. 207) that
Lidén’s varve 7530 corresponds to the year 1020 A.D.
There is an error here; 1020 A.D. corresponds to varve
7529. The odd thing is, however, that the profile in E.H.
De Geer’s book does not show any varves after 7527
(Lidén’s chronology) or 1017 A.D. (E.H. De Geer’s
chronology) notwithstanding that in the text she men-
tions varves which were formed later.

The discrepancies are not important for the present
work, but they are reported in order to avoid misunder-
standings arising from the existence of an erroneous
version or a version wrongly re-interpreted by E.H. De
Geer of Lidén’s original digram from Préastmon.

Lidén’s postglacial chronology and the displacement
of the shoreline in the valley of the Angermanilven
published in 1938 is based inter alia on his original dia-
gram, designated 19 Prastmon”, which is reproduced
in its entirety by Lidént & Cato (in press), and deals with
the uppermost 530 varves also in this paper (Fig. 13 j-1).
The same figure also illustrates the varve thickness dia-
gram FC 17 Pristmon from the current study.

Lidén carried out his varve measurement on bluff sec-
tions, while the new measurements at Prastmon were
made on a foil piston core. For practical reasons the
core could not be taken at the site’s highest point, with
the result that the uppermost (youngest) varves
7287-7522 in Lidén’s chronology are missing in the foil
piston corer profile. The latter comprises the varves
7105-7286 and, judging by Fig. 13 j-k, presents the same
appearance as Lidén’s varve thickness diagram. The
deviations are very slight and can probably be attributed
to the facts that the varve series were not located in
exactly the same spot, and that two different people
executed the measurements.

By means of the new varve measurements, Lidén’s
varve diagram profile 19 Prastmon has been verified,
with the exception of varves 7287-7522 and 7061-7105.
The latter varve section has however been verified by
the sediment profiles from Froksholmen and Gistgardson
(the foil piston cores FC14 and FC16) (Fig. 13 ij).
Here, too, the agreement is obvious in view of the fact
that the varves at these sites were at the time of their
formation deposited in a more distal position compared
with the same varves at Prastmon.

The profiles from Froksholmen, Gistgardson and
Dannero (the foil piston cores FC 14-16) also comprise
inter alia the varves 7287-7522 in Lidén’s Prastmon dia-
gram. In these cases the agreement with Lidén’s series
is not always that good, although several groups of varves
display close resemblances, e.g. varves 7499-7517,
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748088, 7431-7437, 7391-7405. This is presumably be-
cause the upper varves in Lidén’s series were formed in
a very proximal position, where the varve formation is
to a great extent controlled by local factors, with the
result that their thickness is a very local feature. This
applies consistently to all the profiles in both Lidén’s
original material (Lidént & Cato, in press) and the mater-
ial of the current study. Thus it seems to be a character-
istic of the fluvial sediments in Norrland, so that
correlations should generally be sought in more distally
formed varves, viz. further down in the varve series.

There is also a possibility that errors may occur in
Lidén’s measurements of the proximal varves from Prast-
mon. One reason is that he had no opportunity to check
his measurements by a more distally situated bluff sec-
tion. On the other hand he was able to confirm the lower
part of the varve series at Prastmon by bluff sections
further upstream at Undrom and Bjorkd Bruk (see Li-
dént & Cato, in press).

It must be added, however, that the accuracy of Li-
dén’s measurements of the most proximal varves at
Prastmon now lacks significance since a complete, bridg-
ing connection and verification of Lidén’s varves older
than 7286 at Prastmon, and thereby a definite connection
backwards in time, has been obtained.

This investigation has thereby linked the varve series
both with the present and with about 500 of Lidén’s
youngest postglacial varves. In addition the discrepan-
cies in E.H. De Geer’s (1933) presentation of Lidén’s
varve series from Pristmon vis-a-vis Lidén’s original dia-
gram could be verified in Lidén’s favour.

The link between the recent sediments and Lidén’s profile
from Prastmon

The third phase of the project signifies the linkage of the
recent varve profiles from the estuary of the Anger-
manilven with the varve series associated with Lidén’s
chronology, primarily FC 17 Prastmon. This was effected
by the gradual expansion of the chronology toward pres-
ent time with the help of the varve profiles FC16
Froksholmen, FC 14 Gistgardson, FC 15 Dannero, FC22
Pershem and FC12 Kungsgardsfjarden (Fig. 13 d-i),
which are situated in the said order downstream of Prast-
mon at 1-3 km intervals.

The whole of the measured profile from Froksholmen,
comprising some 650 varves from 7021-7681 (Lidén’s
chronology), is covered by, and has been correlated with
the varve series from Gistgardson (Figs. 13 h-k). The
similarities between these two series are very close. The
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agreement is particularly strong in the case of the varves
between 7020 and 7330 (Lidén’s chronology), which are
almost identical as regards appearance and thickness.
The uppermost 60 or so varves in the profile from
Froksholmen have been formed in proximal position, so
that they manifest distinctly local features. Nevertheless
several of the sturdy peaks recur in profiles with a more
distal position.

The uppermost 325 varves in the series from Frokshol-
men are represented also by the varve series from
Dannero. Here, too, the similarities between the graphs
are strong (Fig. 13 h—j) and more or less follow the pat-
tern described above as regards the agreement between
the profiles from Froksholmen and Gistgardson.

Gistgardson and Dannero overlap each other with
more than 500 varves between varves 7368 and 7878
(Lidén’s chronology). The agreement is very good here
as well (Fig. 13 g—j), being most accentuated for the
varves between 7580 and 7850 (Lidén’s chronology). A
section from this part of the varve series is illustrated in
Fig. 11. The very close resemblance between the varves
from these two sites as regards both appearance and
thickness is evidence that the water discharge was equally
strong at both places during the years from c. 600-850
A.D. This is interesting as Dannero is situated about 3
km below Gistgardson (Fig. 8) in the now dry Losundet
branch of the river (Fig. 9 and p. 14). If the discharge
was the same at both coring sites during this period then
the flow must have been heavier in Losundet than in the

other branch of the river due to the distance involved.
Judging by the clay thickness diagram the flow was
presumably even stronger in Losundet at least in the
century before c. 600 A.D.

The uppermost 300 varves in the series from Dannero
are also represented in the series from Pershem, situated
a bare km below Dannero. The pattern recurs here too,
with very strong similarities between the varves, with the
exception of the uppermost 50 varves formed proximally
at Dannero. The difference in varve thickness between
these two sites is almost non-existent if only the proxi-
mally formed varves are excepted.

The varve series FC 12:3 from Kungsgardsfjirden,
about 2 km below Dannero, comprises some 800 varves.
Gistgdrdson is overlapped by 120 of these and Dannero
by about 550, while the entire series of almost 500 varves
from Pershem is represented. The lower 200 varves at
Kungsgérdsfjarden are very thin, so that the correlation
emerges most distinctly in the coincident peaks in this
section (Fig. 13 g-h). Between varves 8000 and 8200 the
similarities are very great between Kungsgirdsfjirden
on the one hand and Dannero and Pershem on the
other. The varve thickness is, however, more than double
in the case of the latter series.

From varves 8230-70 (Fig. 13 f) onwards in time the
varves in these three series are of the proximal type.
Nevertheless the similarities are occasionally very great
between Kungsgardsfjarden and Pershem, so that there
were no difficulties involved in correctly correlating the

~~~~~~~~ Shore line 1678
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Fig. 23. Map showing shorelines and shallows 1678-1958 and the contour at 10 m water depth according to soundings between 1822 and 1958

(after Arnborg 1959).
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Fig. 24. Outline diagram showing the mutual connections between the studied varve series in the Angermanilven valley as well as the connec-

tion with the original Priastmon varve series of R. Lidén.

varves which lie above the section 8227 to 8257 (Fig. 13
f). The latter varve section of Kungsgardsfjarden (FC
12:3) was ruined, in that by reason of the great depth
of soil, the cores had to be taken in stages with intermit-
tent lifting of the foil piston corer at inter alia this depth
(see p. 18). The same applies to the section 8383 to
8389 (Fig. 13 f), but in the latter case the number of
missing varves was determined from Foil Piston core FC
12:1, Kungsgérdsfjarden. The latter core also includes
the uppermost 170 varves under “the dry crust” at
Kungsgérdsfjarden, viz. varves 8544-8713.

The sediment profile at Kungsgéardsfjarden, which was
compiled from two foil piston cores (FC 12:1 and FC
12:3), comprises some 1000 varves althogether down to
a soil depth of 23 m. The uppermost 400 varves were
formed in a proximal position until the sedimentation
ceased and the area emerged by the elevation of the land.

-

This occurred some time between 1678 and 1876, as indi-
cated by Figs. 9 and 23. The figures are based partly on
Stenklyft’s map from 1678 (see p. 13), and on later sound-
ings and measurements by the National Board of Ship-
ping and Navigation (1822), The Civil Egineering Corps
(1876) and the Swedish State Power Board (1958) (see
Arnborg 1959 p. 44).

The uppermost identifiable varve (8713) in
Kungsgérdsfjarden has been dated via connection with
the present to 1746 A.D. Above this lies 1.4 m sedi-
ment, which in view of the average varve thickness in
the upper section of the sequence should mean that a
further 30-50 varves may have been deposited before the
sedimentation ceased and the present peninsula was fi-
nally elevated above the surface of the water. That this
probably took place at the end of the 18th century is
also confirmed by the 1822 soundings which show that
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the area then consisted of a shoal which was exposed
at low water but at times covered at high water (Fig.
23). Under such circumstances no complete varve for-
mation can have occurred.

The sediment profiles from Kungsgardsfjirden,
Pershem and Dannero are overlapped by the sub-
aquatic sediment series PC2 Nyland with 800, 380 and
320 varves respectively. The overlap is also considerable
as regards the profile PC 6 Nyland. This profile is, how-
ever, shorter since the lower part of the sequence was
severely damaged at the sampling. The covariations be-
tween the profiles from Nyland and the other three sites
mentioned above are very distinct in the varve section
around 8000 to 8300 (Lidén’s chronology) in conse-
quence of the varve’s distal formation (Fig. 13 f—g). The
younger varves at Kungsgardsfjarden are of the proxi-
mal type with a strong local influence on their appearance
and thickness, which results in a less clear and in some
cases poor covariation vis-a-vis the profiles from Nyland.
Nevertheless it was possible to verify the connection
even in these proximal sections by reason of certain
easily identifiable varve groups, such as e.g. 8397-8417,

8427-8434, 8449-8455, 8575-8617 and 8687-8699 (Fig.
13 d-e).

The piston core profiles PC2, PC3 and PC6 display
an excellent covariation with each other, which may be
worthy of note as the distances from the former to PC6
are 4 and 5 km respectively.

As mentioned above the varve thickness diagrams
connected to Lidén’s youngest varve series could also
be correlated (step by step) with a number of varve
series down the river. This made it possible to link the
postglacial time series with the recent and sub-recent
varve series from Nyland in the estuary of the Anger-
mandlven, which are connected with the present. A
complete varve chronology has thereby been created for
the period following Lidén’s youngest varve series at
Prastmon. In addition, if Lidén’s older varve series is
included, a complete chronology is attained for the whole
of the postglacial era regarding the development of the
Angermanilven river. Figure 24 summarizes how the 24
different varve thickness diagrams overlap each other for
the period which intervenes between Lidén’s youngest
varve series at Prastmon and the present. 1

Comparison between recent/subrecent profiles and Fromm’s unpublished diagrams

A point of special interest for this work is that in 1945
E. Fromm inter alia collected seven, 5-9 m long cores
outside Marieberg in Nylandsfjarden with the help of a
piston corer. This collection was a direct continuation
of Kullenberg & Fromm’s pilot project from 1943 (Kul-
lenberg & Fromm 1944) for the purpose of extending
Lidén’s postglacial chronology to the present. In the
event, however, as stated above (p. 8), the sediment
profiles did not include a sufficiency of varves, with the
result that the project never attained its objective.

In the context of the fact that the processing of the
recent and subrecent varve series from the present
project was nearing completion, E. Fromm generously
placed his slips concerning the measured varve thickr.ess
of the material from 1945 at the author’s disposal.

Fromm’s three longest varve series (PCD-F Nyland
1945) are reported in detail with the exception of the
lowermost highly uncertain parts in Fig. 25 a-b, together
with the present project’s varve series (PC2 and PC6)
from Nyland. In relation to the report on the efforts at
connection it was necessary to open gaps in Fromm’s
material insofar as varves are lacking vis-a-vis the pro-
files included in the present project. In addition there

are gaps which derive from Fromm’s own interpretations
in his preliminary diagrams, and gaps resulting from the
destruction of varves in the splices between the 70 cm
long brass inner tubes then used in the piston corer. In
the varve thickness diagrams (Fig. 25 a-b) the'reason for
all the gaps is given with inserted text.

On the basis of Fromm’s material two varves are
omitted from the diagrams in the present study. These
concern varves which would have intervened between
the present varves 8712/8713 and 8715/8716 respectively.
These varves are considered to be double varves belong-
ing to varve 8713 and 8715 respectively. The reason for
these omissions is the absence of the two varves in all
three profiles in Fromm’s material, at the same time as
they are only documented in one of the profiles (PC2)
from the present project since the other profile (PC6)
has a gap of barely 20 varves in just this section because
of a splice between the drill tubes.

A comparative study of the varve thickness diagrams
from Fromm’s and this investigation showed that 14
varves were missing in Fromm’s material and 13 in the
present study. The latter varves could be rediscovered
in a control of the sediment profiles. In almost all cases
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it proved to be a question of indistinct varve limits which
were omitted at the first examination of the profiles. In
some cases the varves were lost.

The result of this comparative study indicates how
important it is to verify the number of varves in a given
section via several sediment profiles. An effort was in-
deed made to this end in the present investigation, as

can be seen in from the large number of overlapping
profiles studied (see Fig. 24). The results also demon-
strate that the accuracy of the varve thickness studies is
very high, since measurements on different sediment
profiles from the same area, made by two individuals
35 years apart, differ only by 14 minus 13, viz. one varve
for a 500 year varve sequence.

Margin of error

A correct geochronological time scale, of course, re-
quires that the varve limits have been correctly marked
on the measuring paper-strips. But even if this require-
ment is fulfilled, several uncertainties may still remain
as a consequence of primary and secondary sedimento-
logical processes. The most important sources of error
were compiled by G. De Geer (1940). Although this
compilation primarily refers to glacial varves they are
also applicable to some extent to the postglacial varves.
In what follows, mention will only be made of those
errors, which have been judged relevant within the frame
of this project.

Sliding of sediments may occur in a dynamic area such
as a river valley, especially where the slopes are steep
as e.g. at the delta front and along the river sides. The
predisposition to slides increases when the sediment
becomes elevated above the sea-level and its counter-
pressure is thereby neutralized or when the river-mouth
area is flooded during heavy spring thaws (see Wenner
1951 and Viberg 1984).

Slides often give rise to turbidity currents which follow
the bottom slopes and rush into deeper levels, where
they accumulate with a graded bedding structure. The
appearance of these turbidities is sometimes very similar
to that of annual varves and they then create a ‘“‘double
varve’”, which during varve measurements might be
counted as two varves.

Double varves may also ensue from heavy autumn
rains which increase the water discharge to a level close
to that of the spring flood. Often, but not always, it is
possible to distinguish these ‘“internal”, deceptive
laminae, which apparently subdivide one varve into two
varves, from the true annual varves; since they mainly
appear in connection with a thick varve which in turn
has been deposited as a consequence of a high water-
discharge, e.g. periods of snow melt or heavy rainfall

with a high frequency of slides. For this reason the varves
8934 (core GC491), 8912 (GC?2), 8877 (PCF), 8862 (PC
IV), 8713, 8715 (PC2), 8608 (PCF and PCD) and 8509
(PCF) have been interpreted as double varves only rep-
resenting one year each (see Figs 13 a—e, 25 a-b).
Otherwise a corresponding number of varves are lacking
in the other cores.

Indistinct winter-layers constitute another source of
error, since they may be overlooked and thus two real
varves are regarded as one. A third source of error is
the compaction of sequences of thin varves, as this causes
difficulties in the resolution of the correct number of
varves. Varves may also be missed in the joins between
core sections.

In most cases in the present investigation the problems
arising from these sources of error could be solved by
verifying the number of varves in a given core section
via several sediment profiles taken outside thearea in
question (see Figs. 13 b—d, 13 f and 25 a-b).

Consequently it is hardly likely that more than a few
varves, if any at all, were missed within the time-span
of nearly 2000 years which has been investigated.

As mentioned above eight double varves were detec-
tec between 1542 and 1967 A.D., i.e. during a time span
of about 400 years. This gives a frequency of two double
varves per century on average. Before the varve 8509
(1542 A.D.) no double varves have been recorded. The
question then rises whether undetected double varves
still exist also in this material, and if they have been
counted as two annual varves each. If the latter is true
for this project as well as for R. Lidén’s part of the Post-
glacial Time Scale, another 170 double varves at most
may be included before 1542 A.D. This yields about 180
double varves for the entire postglacial period in Anger-
manland.
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Conclusions and the dating of the zero years in the Swedish Time Scale

On p. 7 an account is given of how Lidén (1938), by
means of certain historical data, deduced the course of
the shift in the shoreline during the last 600 years in the
valley of the Angermanilven, and how he approximated
the interval between the formation of the delta surface
at Priastmon and the year 1300 A.D. as c. 380 years.
Lidén concluded that the 7522 years which his chron-
ology comprises should be supplemented by a further
980 to extend the Time Scale to 1900 A.D.

In the present investigation Lidén’s chronology has
been expanded to the present (1978) by new varve series.
The results show that since Lidén’s youngest varve 7522
was deposited until 1978 A.D. 1423 varves were formed
in the valley of the Angermanalven. This means that
instead of Lidén’s 980 years 1345 years must be added
to Lidén’s chronology in order to link it with 1900 A.D.

The fact that Lidén’s figure of 980 years must be in-
creased by 365 years can hardly be regarded as surprising,
since several authors, in view of inter alia the current
land elevation in the area, have maintained that a fur-
ther 0-500 years must probably be added to Lidén’s
figure (Wenner 1968, Tauber 1970 and Fromm 1970).

R. Lidén’s old unpublished measurements of postglacial
varve series from the valley have also been checked by
the author (Lidént & Cato, in press). This revision veri-
fied Lidén’s (1938) data, and no change is needed in
this part of the Swedish Time Scale. Thus the combi-
nation of the varve series in the present study with those
of Lidén yields a complete varve chronology embracing
8917 varves/calendar years for the entire postglacial
period up to 1950 A.D., or 8945 varves/calendar years
up to the present (1978 A.D.) in Angermanland. Accord-
ing to the discussion of the occurrence of double varves
in the previous chapter the theoretical margin of error
for this period can be estimated to a maximum of *i%,
calendar years.

The consequences of the present study are far-reach-
ing, however, not only for the Swedish Geochronological
Time Scale (see Stromberg 1985) but also for all the
geological and archaeological events which are tem-
porally suspended from it. In view of all the intercali-
brations between chemical dating methods and the
Swedish Time Scale, between palaeofloristic and
palaeofaunistic successions linked with datings sus-
pended from the Swedish Time Scale etc., the conse-
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quences reach even further. Yet it is beyond the scope
of this paper to scrutinize all these consequences. Only
the effects of the results with regard to the dating of
Borell & Offerberg’s and G. De Geer’s zero years re-
spectively, will be recounted.

Earlier in this paper mention was made of the differ-
ence between the two zero years, the one from Vik-
backen and the other from Doviken in the valley of the
Indalsalven (see p. 6). These were at first assumed by
G. De Geer (1940) to have been formed at the same
time, but Borell & Offerberg (1955) showed that the
Doviken varve was at least 80 years older than the Vik-
backen varve. The difference in time was later fixed by
E. Nilsson (1960) as 84 years. In accordance with G.
De Geer’s original opinion the 98 cm thick varve from
Doviken (the bipartation varve) marks the dividing line
between finiglacial and postglacial time in the Swedish
Time Scale. Starting from Lidén’s calculated connection
of the Swedish Time Scale with the year 1900 A.D. (Li-
dén 1938) E. Nilsson (1960) could date this conventional
zero year to 6923 B.C. His chronological calculations
were recently checked and confirmed by Fromm (1985).
In consequence of the result from the present study,
however, the age of the zero year (of the Doviken varve)
must be amended to the year 7288 B.C. or 9238 B.P.
Thus the total length of the postglacial period up to the
present (1986) in the Swedish Time Scale can be set at
9273 *19, varves/years if the zeroyear is excluded. How-
ever, the margin of error is probably much less.

Figure 26 demonstrates more clearly how the different
time scales in the valleys of the Indalsilven and the
Angermanilven are related to each other, and how they
are affected by the current study’s exact connection of
the Swedish clay varve chronology with the present. The
figure is a further development of that presented by E.
Nilsson in 1960.

It is obvious from the figure that the postglacial period
is 321 years shorter in the Angermanilven valley than
in the Indalsilven valley. Here it must be stressed that
the change from glacial to postglacial sedimentation is
not synchronous between different valleys, which implies
that the age relation must be determined by varve corre-
lations and not by varve numbers since different local
time scales exist in different valleys.
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(partly after E. Nilsson 1960).

Summary

The exact connection between the Swedish Geochro-
nogical Time Scale and the present has been a matter
for not merely Swedish but also international geology
for almost 75 years. Despite several attempts during the
20th century no researchers progressed further than R.
Lidén, with his provisional connection based on the iso-
static land upheaval in the Angermanilven river valley
in northern Sweden. This connection was achieved by
interpolation of the interval between the formation of
Lidén’s youngest varve 7522 on the delta surface at Prist-
mon and two historically datable shore levels in the
valley of the Angermanilven river. The interpolation
indicated that varve 7522 was probably formed c. 980
years before 1900 A.D. According to several authors the
recent land elevation of Angermanland implies that the
uncertainty of Lidén’s calculated interval might be be-
tween 0 and 500 years.

Against the fact that the largest single error in the

Swedish Time Scale could be concealed in just Lidén’s
provisional connection with the historical year 1900
A.D., the present project was launched within the frame-
work of the IGCP Project 24 at the Geological Survey
of Sweden.

In order to supplement Lidén’s chronology with new
varve series which extend to our own time, and thereby
establish a definitive link between the Swedish Time
Scale and historical time, 25 sediment cores amounting
to a total length of 200 m were collected between 1978
and 1983 in the Angermanéilven valley. The corings
were carried out both in the uplifted delta sediments
within the barely 15 km long stretch of the lower part
of the river and in the bottom sediments of its non-tidal
estuary. Over 10000 varves were measured and counted
before all the correlations were clear and R. Lidén’s
chronology from 1938 was thereby expanded to the pres-
ent.
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To confirm the calendar year affinity of the youngest
varves, since it was not feasible to assume without fur-
ther ado that the uppermost layers from the bottom of
the Angermanilven’s estuary really were formed con-
tinually until the year of sampling, correlations were
sought over a 70-year period between the youngest varve
series and the river’s water discharge. The strongest cor-
relation was found to exist between the maximum daily
mean discharge during the spring and early summer
floods (generally in May and June) and the correspond-
ing varve thickness.

The documented links were also strengthened by the
following facts.

1. The thickness of the varves diminished, relatively
speaking, at the same rate as the regulation of the river
proceeded during the 1950s and 1960s.

2. The construction of a power station dam at Sollef-
ted in the year 1962 to 1966 led to a marked deviation
of the linear correlation between annual transport of
suspended matter and the thickness of the varves belong-
ing to this period.

3. The occurrence of a double varve 1967, was ex-
plained when one of the two varves was identified as a
turbidity due to a subaquatic slide that year.

4. X-ray photographs, by V. Axelsson of Uppsala
University, of two cores taken with a four year interval
in the estuary of the river allowed confirmation that the
most recent core contained another four distinct varves.
This proved that the varves are annual and that the cur-
rent sedimentation and unique varve formation are still
in progress in the area. The calendar year affinity of the
recent varves was thus clearly documented by several
independent methods.

The recent and subrecent varve series were then linked
and extended to Lidén’s unpublished varve series from
Prastmon with the help of five varve series derived from
Froksholmen, Gistgardsén, Dannero, Pershem and
Kungsgardsfjirden respectively. Lidén’s unpublished
varve diagram from Prastmon was also verified by a new
varve series from this locality. Altogether the verification
and connection could be achieved with Lidén’s 500
youngest postglacial varves.

The extension of Lidén’s chronology to the present
(1978 A.D.) by new varve series shows that his pre-
viously calculated gap of 980 years between his youngest
varve 7522 found at the delta surface at Prastmon and
the historical year 1900 A.D. should be extended with
365 years. This means that instead of his 980 years, 1345
years must be added to Lidén’s chronology in order to
link it with 1900 A.D.

In another project the author has checked Lidén’s old
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unpublished varve diagrams from the valley (Lidént &
Cato, in press) and found that no change is needed in
this part of the Swedish Time Scale. Thus the combi-
nation of the varve series in the present study with those
of Lidén yielded a complete varve chronology embracing
8917 varves/calendar years for the entire postglacial
period up to 1950 A.D. or 8945 varves/calendar years
up to the present (1978 A.D.) in Angermanland. Accord-
ing to the discussion given in this paper about inter alia
the occurrence of double varves, the theoretical margin
of error for this period has been estimated to a maximum
of *13 calendar years.

The uppermost identifiable varve at the coring site
Kungsgérdsfjarden close to the present delta front has
also been checked. The varve was dated to 1746 A.D.
by means of its connection with the present. The plausi-
bility of the age of this varve is of special interest since
it could support the investigation results. This was in-
deed the case, as is clear from a comparison of the shore
line displacement at the site. According to Stenklyft’s
map from 1678 the drill site was still well below the
surface of the river, while according to another map from
1876 it was situated on a peninsula which had emerged
from the river. This indicates that the sedimentation at
the site must have been interrupted some time between
these years, which is in good agreement with the age of
the uppermost indentifiable varve (1746 A.D.).

The unpublished varve thickness measurements car-
ried out by E. Fromm on three cores taken by him in
the Angermanalven estuary in 1945 were compared with
those of this investigation, in order to demonstrate the
accuracy of varve measurements. The results showed
that measurements on different sediment profiles from
the same area, made by two individuals 35 years appart,
differ only by one varve for a studied 500 year varve
sequence.

The consequences of the present connection of varve
series to the present are far-reaching not only for the
Swedish Geochronological Time Scale but also for all the
geological and archeological events, intercalibrations
etc. which are temporally or otherwise based on it. Yet
it was beyond the scope of this paper to scrutinize all
these consequences save one, viz. Borell and Offer-
berg’s zero year (the Déviken varve) in the valley of the
Indalsilven river some 50 km south-west of the Anger-
manilven river. The zero year, which denotes the
boundary between finiglacial and postglacial time in the
Swedish Time Scale, was previously dated by E. Nilsson,
on the basis of Lidén’s provisional connection, to 6923
B.C. In consequence of the present study the exact date
of the zero year can now be set at the year 7288 B.C.
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or 9238 B.P. Thus the total length of the postglacial
period up to the present (1986) in the Swedish Time
Scale can be set at 9273 T13, varves/calendar year if the
zero year is excluded. Here it must be stressed that the

change from glacial to postglacial sedimentation is not
synchronous between different valleys. In e.g. the
Angermanilven valley the period was found to be 321
years shorter than in the Indalsalven valley.
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