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The Malangen fjord, a high Boreal/low Arctic fjord in northern Norway, reflects Atlantic Water heat flux. Studies of dinoflagellate cyst assemblages, 
reflecting the fjord surface water masses, have been performed on sediment cores and surface sediment samples in order to reconstruct the Late 
Holocene climate history. Four dinoflagellate cyst assemblage zones reflect the hydrological changes that took place in the Malangen fjord during 
the Late Holocene. The periods from c. AD 500 to 790 and c. AD 1500 to 1940, stand out as cold periods. The period from c. AD 790 to 1500 is cha-
racterized by warm saline water, whereas the period from AD 1940 to present is characterized by decreasing inflow of warm, saline water. 
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A Late Holocene climate history from the Malangen 
fjord, North Norway, based on dinoflagellate cysts

Introduction

The magnitude of Late Holocene climatic variations 
are less significant than those that took place during ice 
ages and deglaciations. However, detailed knowledge 
about this period is vital in order to understand and 
model future climate scenarios both as a result of 
natural climate variation and the effects of global 
warming. Oceanic heat flux is important for the 
sensitive climate regime of northern Europe. Our aim 
is to connect hydrographical changes, reflected by the 
dinoflagellates cyst (dinocysts) assemblages in the 
sediments in the Malangen fjord, to local and regional 
climatic phases. Previous studies have shown that 
dinocyst assemblages are influenced by temperature, 
salinity, and the availability of nutrients (e.g. de Vernal 
et al. 2005; de Vernal et al. 2001; Grøsfjeld et al. this 
volume; Rochon et al. 2008; Solignac et al. this volume). 
Dinoflagellates are mostly unicellular organisms that 
make up one of the main groups of phytoplankton. 
They are able to regulate their depth within the photic 
zone and to concentrate along oceanic fronts, which 
provide nutrient-enriched waters. The dinoflagellate 
cysts are the hypnozygotes of dinoflagellates naturally 
produced during the life cycle. Their wall is composed 
of a highly resistant organic material, which has a high 
potential to fossilize. Because dinocysts species are 
linked to particular abiotic and biotic parameters, the 
dinocyst assemblages provide information about past 
surface water conditions. Since each fjord has its own 
hydrographic setting, it is necessary to establish a firm 
link between the dinocyst composition of the sediment 

surface samples and the surface water conditions. 
Indeed the modern dinocyst distribution in subarctic 
fjords is little known. Thus, in addition to detailing 
dinocyst results from two shallow cores, several 
sediment surface samples located along a transect 
running from the head to the mouth of the fjord, and 
extending onto the shelf, are also presented.

Physiographic setting 

The Malangen fjord is a high Boreal/low Arctic fjord 
complex in northern Norway, which is not influenced 
by glaciers. The total length of the fjord complex is 
50km, the maximum width is 6km and it has a south-
southeasterly orientation (Fig. 1B). The fjord has 
numerous submarine troughs and thresholds (sills), 
covered with sediments. A small basin, the Ansnes basin, 
with water depths between c. 60 and c. 200m separate the 
two main basins. The Malangen fjord is separated from 
the shelf by a bedrock sill at 210m water depth (Sælen 
1947). Outside the sill the Malangen Deep, with waters 
down to 500m, intersects the shelf. The considerable 
water depth on the outer sill allows free exchange of 
water between the fjord basin, the shelf and ocean.    

The sediments are mainly concentrated in the central 
parts of the fjord and variations in thickness are 
controlled by the bedrock thresholds and sills. The inner 
basin of the Malangen fjord, with a maximum water 
depth of c. 250m, has a high sedimentation rate of ~0.3 
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cm per year, which increases evenly toward the Målselv 
fjord (Wassmann et al. 1996). 

The Norwegian coast is mainly influenced by two water 
masses: Atlantic Water (AW), >35 psu in salinity, and 
Norwegian Coastal Water (NCW), <35 psu (Fig. 1A). 
AW is transported northward by the Norwegian North 
Atlantic Current (NAC) system, whereas the NCW is 
carried northward by the Norwegian Coastal Current 
(NCC) and occupies the continental shelf. The NCC is 
considered to be a continuation of the relatively fresh 
Baltic Current (Hopkins 1991) and its salinity is less than 
32 psu near the coast during spring and summer due 
to strong runoff from the mainland. The NCC is broad 
and shallow from May to September (50-100m), and 
weaker and deeper during autumn and winter (<200m) 
(Wassmann et al. 1996). Northwesterly winds, which 
prevail during the summer, slow the coastal current and 
deflect it from the coast. During this process the interface 
slope may flatten allowing upwelling to take place. Rising 
AW over the continental slope allows advection into 
fjords (e.g. from the Malangen Deep, across the sill into 
the Malangen fjord). As a consequence, resident deep 
water in the fjords is lifted and flushed out. During 
winter, the prevailing wind direction from the south 
speeds up the coastal current and establishes an Ekman 
drift towards the coast and into the fjords. In general the 
fjords act as large containers where seawater remains 
for an extended time (Gade 1986). Seasonal exchanges 

take place between fjord water and shelf water. However, 
fjords also receive runoff and are, therefore, starting 
places of low salinity water and influence directly the 
characteristics of shelf water. Seasonal fluctuations in 
the density of shelf water are normal features off the 
coast of Norway (Gade 1986) and give rise to differences 
in water exchange with fjord basins. Fjords such as the 
Malangen fjord complex with deep sills at the entrance 
often experience the inflow of dense AW during the 
productive part of the year. 

Instrumental data from stations along Malangen fjord 
show that there are large inter-annual temperature and 
salinity variations (Fig. 2). Temperatures are highest 
in the inner parts of the fjord during summer, whereas 
temperatures during winter are highest on the shelf. The 
salinity decreases from the outer to the inner part of the 
fjord and presently the surface waters have temperatures 
between 1-13ºC and salinities between 11-34.6 psu 
(Normann 2001). 

Material and methods

Thirteen surface samples were collected in August and 
October 1997 and in October 1998 using a 30x30x50cm 
box core (Fig. 1B). Sediment samples were taken from 
the upper 0-2cm. 

Figure 1. A) Location map showing the major oceanic currents in the high latitude North Atlantic region. B) Bathymetric map of the Malan-
gen fjord with numbered sampling stations, red dot indicates core location of MD99-2297 and JM99-1198 (A-B). C) Overview of the investi-
gated area. 
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Two sediment cores, piston core MD99-2297 
(69°27.73’N, 18°23.54’E) and box core JM99-1198 (A 

and B) (69°27.62’N, 18°23.75’E), recovered from 248m 
depth (Fig. 1B), were analyzed. Core MD99-2297 was 
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Figure 2. A) Profile of modern dinoflagellate cyst concentration from a NW-SE transect in the Malangen fjord. B) Average January and 
August temperatures and salinity profiles (Normann 2001).
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collected in August 1999 during the international cruise 
IMAGES 5-MD, leg 3, (Labeyrie 1999). Core JM99-
1198 was collected in November 1999, during a cruise 
with the research vessel “F/F Jan Mayen” arranged 
by the University of Tromsø (Hald 1999). Dinocyst 
analyses were performed on the two cores in addition 
to lithological descriptions, Multi Sensor Core logger 
analysis and total organic carbon (TOC) measurements. 
Sediment samples from MD99-2297 were collected every 
10cm and dried at 40°C. Samples for 210Pb dating were 
collected from the box core JM99-1198A. Core material 
was cut vertically by pushing 1cm thick slices (75cm3) 
of frozen sediment out from the barrel every centimeter 
and thereafter dried at 40°C. For dinocyst analysis and 
TOC analysis, samples from JM99-1198B were collected 
every 1cm and dried at 40°C. 

Preparation of samples followed standard palynological 
methods using cold HCl and HF to remove carbonate 
and silicate particles (Rochon & de Vernal 1994) 
and Lycopodium tablets were added to assess cyst 
concentrations (cysts/g of dry sediment). No oxidation 
was used. Dinocyst analyses were performed on the 
10μm fraction using permanent mounts in Elvacite. 

The taxonomy follows Rochon et al., (1999) and Lentin 
& Williams (2004). Transmitted light microscope at 
40/10x, 62/10x and 100/10x magnification was applied 
for identification purpose. In each sample a minimum of 
300 dinocyst specimens were counted. The full data set is 
held in the collection of the Micropalaentology Research 
Group at the University of Tromsø, Norway. 

Sediments from the upper part of box core JM99-1198A 
were dated and correlated by means of 210Pb (Table 1) 
and 137Cs at the Risø National Laboratory, Denmark, 
using low background gamma counting (Appleby et 
al. 1986). The 210Pb-chronology is based on the CRS-
model (Appleby & Oldfield 1977) and is independently 
supported by the 137Cs-spectra. In addition, core JM99-
1198B and MD99-2297 were dated by accelerator mass 
spectrometry (AMS) (Table 2). The dates were measured 
at the “Leibniz Labor für Altersbestimmung und 
Isotopenforschung“, Christian-Albrechts-Universität, 
in Kiel, Germany and at the Radiocarbon Laboratory in 
Trondheim, Norway. Conventional 14C was calculated 
with a δ13C correction for isotopic fractionation based 
on the 13C/12C ratio measured by the AMS-system 
simultaneously with the 13C/12C ratio. The radiocarbon 
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Table 2. AMS radiocarbon dates of core JM99-1198B and MD99-2297.

Table 1. 210Pb dates from JM99-1198A

Lab code Core id. Material Depth (cm) Uncorrected 
14C age

68.3%(1σ) 
cal. age 
ranges  

(cal. year AD)

Age  
(midpoint 

years)

KIA10812 JM99-1198B Delectopecten vitreus 26 465±20 Invalid age Invalid age
TuA3606 MD99-2297 Thiasira equalis 3,5 620±45 1683- 1830 1755
KIA9440 MD99-2297 Bivalve shell fragment 110 1890±30 543- 649 595
TuA3607 MD99-2297 Tarvicardium minimum 141,5 1900±60 500- 651 575

Core id Slice depth  
(cm)

Age  
(year CRS-AP)

Sed.rate  
(cm/year)

Accu.rate  
(g/m2/year)

JM99-1198A 0,5 1997,8 0,42 2124,6 
JM99-1198A 1,5 1994,7 0,26 1969,2 
JM99-1198A 2,5 1991,4 0,35 2609,7 
JM99-1198A 3,5 1988,2 0,28 1966,1 
JM99-1198A 4,5 1983,9 0,19 1323,6 
JM99-1198A 5,5 1976,3 0,10 856,9 
JM99-1198A 6,5 1966,8 0,11 706,0 
JM99-1198A 7,5 1957,5 0,11 775,1 
JM99-1198A 8,5 1948,7 0,12 870,7 
JM99-1198A 9,5 1940,8 0,13 1237,9 
JM99-1198A 10,5 1932,3 0,11 1008,0 
JM99-1198A 11,5 1920,7 0,07 743,7 
JM99-1198A 12,5 1906,6 0,07 540,4 
JM99-1198A 13,5 1889,9 0,05 470,8 
JM99-1198A 14,5 1867,8 0,04 439,7 
JM99-1198A 15,5 1849,8 0,09 765,3 
JM99-1198A 16,5 1838,0 0,08 704,3 
JM99-1198A 17,5 1822,7 0,06 504,7 
JM99-1198A 18,5 1800,7 0,04 312,0 
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dates were converted into calendar years using the 
calibration curve and data set in CALIB version 5.0.2 
marine04 (Hughen et al. 2004; Reimer et al. 2004). 
Conventional radiocarbon ages of marine reservoirs are 
generally too old and an age adjustment is needed. The 
global reservoir correction of 400 (Stuiver & Braziunas 
1993) is included in Calib 5.0.2  and a regional effect 
called the delta R (ΔR) for the area surrounding the 
Malangen fjord of 65±35 (Mangerud & Gulliksen 1975) 
is added to the AMS dates. All ages are reported as 
historical years (AD). 

Results

Age control and sedimentation rate

Accelerator mass spectrometry (AMS) dating and 
lead 210 (210Pb) measurements (Table 1 and Table 2) 
were used to establish age models for the cores. The 
dated shell at 26.5cm (Table 2), Delectopecten vitreus, 
which is an epifaunal suspension feeder (Thomsen 
& Vorren 1986) was of good quality so we believe no 

burrowing and only minor reworking in the sediments 
has occurred. However, the fluctuating Δ14C of the 
atmosphere over the last 1000 years makes it difficult to 
develop reliable chronologies for the most recent past 
(Stuiver 1993; Stuiver & Pearson 1993). This particular 
14C AMS date gives an invalid age when calibrated, and 
is therefore omitted from the age model. Hence, the 
JM99-1198A box core chronology is solely based on the 
210Pb dating. 210Pb is a good tool for developing sediment 
rates for sediments deposited during the last 150 years 
(Appleby & Oldfield 1992). Based on the measured 210Pb 
content from core JM99-1198A (Table 1) the average 
sedimentation rate (from 6.5cm-18cm) was calculated 
and this was used to extrapolate the 210Pb dates to the 
base of the core (Fig. 3). The young age of the 14C AMS 
date supports using this method to extrapolate ages. 

The piston core, MD99-2297, is dated with 3 AMS dates 
(Table 2). The 14C AMS date at 3.5cm gives a cal age 
of AD 1755 indicating that the top of MD99-2297 is 
missing. This assumption is supported by the measured 
TC, TOC and the CaCO3 values which show no increase 
towards the core top. The radiocarbon dates from MD99-
2297 were used to establish an age model following 
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Figure 3. Extrapolated age model for 
JM99-1198 (A-B), black, open circles are 
calculated values based upon the 210Pb 
measurements, dashed line are extra-
polated values based upon the average 
sedimentation rate from 6.5-18cm. For 
MD99-2297 2nd order polynomial fit of 
the 14C dates has been applied. Plots of 
TOC (black lines) and CaCO3 (blue lines). 
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recommendations by Andrews et al. (1999), using a 
2nd order polynomial fit. Within the uncertainties of 
both the dating methods, we assume that JM99-1198 
represents the top of MD99-2297. There is an overlap in 
time between the cores. However because no tie points 
are detected, the two cores are plotted separately. The 
compiled Malangen fjord record spans the last 1500 
calendar years. 

The age model (Fig. 3) indicates average sedimentation 
rates of 0.13 cm/yr during the investigated period. This 
allows a high stratigraphic resolution with an average 
resolution of 11years/cm. Consequently we can obtain a 
decadal to centennial scale signal sufficient to describe 
centennial to millennial-scale climate variability. 

Sediment surface samples 

On the basis of lithological investigations of the sediment 
surface samples (Fig. 1) three sediment facies were 
recognized (Husum & Hald 2004); a mud facies from the 

deep fjord basin and the innermost shelf, a more sandy 
facies on the side flanks and the plateau area, and a sandy 
mud facies in the middle and outer shelf. Both total 
organic content (TOC) and calcium carbonate (CaCO3) 
content increase from the head of the fjord to the outer 
part and the shelf, see Husum and Hald (2004) for more 
details.

In general, the cyst concentration varies along the entire 
fjord-shelf axis, ranging from 13,000 to 120,000 cysts/g 
(Fig. 2). The lowest values were observed in samples 
JR97-531, JR97-804 and JR97-529, e.g. the inner part of 
the fjord, whereas maximum values were calculated from 
samples JM98-992, located along the continental shelf 
(the Malangen Deep) and JR97-809, located in the inner 
part of the Malangen fjord. 

Fifteen dinocyst taxa were recovered, each sample 
containing some 12 to 15 taxa (Table 3). The percentage 
occurrence of each species, comprising >1% of the 
cyst composition, is shown in Fig. 4. The dinocyst 
composition is strongly dominated by Operculodinium 
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Table 3. Taxa identified in surface samples, JM99-1198 and in MD99-2297 samples.

Species
Occurrence

Notes Citations
A B C

Bitectatodinium tepikiense ++ + ++ (Wilson, 1973)

Impagidinium spp. indet + + Stover & Evitt, 1978

Impagidinium aculeatum + (Wall, 1967) Lentin & Williams

Islandinium  minutum. + + + (Harland and Reid in Harland et al. 
1980) Head et al., 2001

Islandinium ?cezare + + + (de Vernal et al., [1989] ex de Vernal in 
Rochon et al., 1999)

Lingulodinium machaerophorum + (Deflandre & Cookson, 1955)  
Wall, 1967

Nematosphaeropsis labyrinthus + + + (Ostenfeld, 1903) Reid, 1974

Operculodinium centrocarpum sensu 
Wall and Dale 1966

++ ++ ++ (Deflandre and Cookson, 1955)  
Wall, 1967

Operculodinium centrocarpum sensu 
Wall & Dale 1966 - short processed 
form

+ Grouped with  
Operculodinium centrocarpum sensu 
Wall & Dale 1966

(Deflandre and Cookson, 1955)  
Wall, 1967

Pentapharsodinium dalei + + + (Paulsen, 1905)

Polykrikos schwartzii + + + Bütschli 1873

Round browns–  
Brigantedinium spp.

++ ++ ++ Includes cysts of B. simplex and B. 
cariacoense. All round brown cysts 
with a smooth surface, which are not 
identified to species level are included 
in the taxon.

(Reid 1974)

Selenopemphix quanta + + + (Bradford, 1975) Matsuoka, 1985

Spiniferites spp. + + + (Mantell, 1850) Serjeant 1970

Spiniferites elongatus s.l. + + + Includes S. elongatus and S. frigidus. (Reid, 1974)

Spiniferites membranaceus + + + (Rossignol, 1964) Sarjeant, 1970

Spiniferites ramosus ++ ++ ++ (Ehrenberg, 1838) Mantell, 1854

A: Surface samples    B: JM99-1198    C: MD99-2297        (+ Rare (0-10% of total after grouping)   ++ Common (10-50% of total after grouping)
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centrocarpum and Spiniferites ramosus. O. centrocarpum 
(max 66%) dominates the assemblages on the shelf 
and in the outer fjord, whereas S. ramosus (max 
44%) dominates the inner fjord. Nematosphaeropsis 
labyrinthus (max 1.5%) represent a minor proportion 
of the cysts on the shelf and in the outer fjord. 
Round brown cysts include specimens of the genus 
Brigantedinium, comprise 10 to 27% of the assemblages. 
Specimens representing both Brigantedinium simplex 
and Brigantedinium cariacoensis were identified, but 
the majority of specimens which could be identified 
represent B. simplex. Pentapharsodinium dalei occurs 
in percentages up to around 10, increasing slightly 
from the outer part of the fjord to the head of the fjord. 
Islandinium minutum comprises a minor proportion up 
to 4% of the assemblages whereas Islandinium? cezare 

occurs occasionally up to 1%. The assemblages at the 
head of the fjord differ from those along the rest of the 
fjord transect by comprising a significant proportion of 
unidentified specimens of Spiniferites spp. and Spiniferites 
membranaceus. In addition, Bitectatodinium tepikiense 
and Spiniferites elongatus have peak occurrences.

Core samples

MD99-2297 consists of dark olive grey silty, massive, 
homogeneous clay with scattered sulphide streaks. 
X-ray photos indicate bioturbation and shell fragments. 
Magnetic susceptibility (SI) presents little variation 
throughout the core section whereas gamma ray 
density (GRD) decreases up-core. Porosity values of 
approximately 40-60% (Pp = 0.4-0.6) show only small 
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Figure 4. Profiles of modern dinocyst dis-
tribution from a NW-SE transect from the 
Malangen fjord. Note the different scale 
on the axis representing percent (%) of 
dinocysts: a) 0-80%, b) 0-50%, c) 0-30%, 
d) 0-10%, e) 0-5%
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variations and the TOC varies between 1.6-2.2%. 
Calculated CaCO3 values vary between 11-15.5% and 
decrease up-core. 

JM99-1198 consists of homogeneous and massive silty 
clay with a color change from dark olive gray to very 
dark gray at 12cm. The upper 11cm of the core shows 
deformation structures. Scattered sulphide streaks 
were observed but no indications of bioturbation were 
recognized. GRD measurements decrease up-core. The 
porosity values of approximately 60-75% (Pp = 0.6-0.7) 
increase up core. The TOC varies between 1.8-2.7% and 
the calculated CaCO3 varies between 11-21.4%, both 
records show an increasing trend up-core. 

The sediments in the surface samples and the core 
samples, the mud facies from the deep basin of the 
fjord and the innermost shelf, are interpreted to have 
been deposited in an open fjord setting with settling of 
suspended material, hemipelagic (partly pelagic and 
partly terrigenous), as the main process. 

Dinoflagellate assemblage zones

On the basis of the dinocyst composition (assemblages), 
the sediments have been divided into four dinoflagellate 
cyst assemblage zones, each named with a letter and 
one of the species characterizing the zone, the species 
being either most dominant or prominent/distinctive. 
Although the zones, being dominated by O. centrocarpum 
(~23-41%), S. ramosus (~13-34%), and round browns 
(~12-26%), contain similar taxa, the proportions of the 
taxa vary.

Zone A (c. AD 500 to c. 790): Islandinium minutum 
assemblage zone
This zone includes the six samples located between 
150-95cm in core MD99-2297 (Fig. 5). The zone is 
characterized by the highest recorded occurrence of 
B. tepikiense (~8-26%) and I. minutum (~1.3-7%). 
Islandinium? Cezare is rare. The total concentration of 
cysts varies between 22,000 and 71,000 cysts, which is 
the lowest concentration in the core. 

The proportion of dinocyst taxa is quite similar to 
that of the surface sediments (surface sample 532 
and 531) in the vicinity of the core locations (Fig. 4). 
However, the assemblages, in the lower part of the 
zone, differ by containing a much higher percentage 
of B. tepikiense, exceeding that in the head of the fjord. 
The proportion B. tepikiense decreases markedly 
upwards, contemporaneously with a slight increase of 
O. centrocarpum and S. ramosus. Other taxa present 
include Spiniferites ssp, Spiniferites membranaceus, 
Selenopemphix quanta and P. dalei. 

Zone B (c. AD 790 to 1500): Operculodinium 
centrocarpum assemblage zone
This zone comprises seven samples located between 

95-25cm in core MD99-2297 (Fig. 5). The base of the 
zone is characterized by a decrease of I. minutum and 
S. elongatus s.l and a slight increase of S. membranaceus. 
The concentration of cysts varies from 45,000 to 75,000 
cysts. Characteristic for the zone is the low percentage of 
I. minutum and the high proportions of O. centrocarpum 
and S. ramosus, which increase towards the top of the 
zone. O. centrocarpum has maximum occurrence at c. 
AD 1200. A prominent feature of this zone is the general 
upward decrease of B. tepikiense. The round browns 
decreases in the top of the zone.

Zone C (c. AD 1500 to 1940): Islandinium? cezare 
assemblage zone
This zone contains one sample located between 
25-0cm in core MD99-2297 (Fig. 5) and seven samples 
located between 35-10cm of core JM99-1198 (Fig. 5). A 
decrease of S. ramosus, and a small peak occurrence of 
B. tepikiense and I. minutum s.l. characterize the base 
of the zone. The most prominent feature is the increase 
of round browns (dominantly B. simplex) having a 
peak occurrence towards the top. The occurrence of O. 
centrocarpum is lower compared to that of zones A and 
B. The total concentration of cysts is high and varies 
between 23,000 and 212,000cysts/g sediment. There 
is a general upward increase of O. centrocarpum and S. 
membranaceus. The top of this zone is well marked by 
a notable change in the dinoflagellate cyst assemblages 
comprising peak occurrences of several taxa like O. 
centrocarpum, S. elongatus s.l., I. minutum and I? cezare. 
The zone contains similar species as those in zone A and 
B. Spiniferites spp. Indet. (>10%) comprise a significant 
proportion of the cyst composition.

Zone D (c. AD 1940 to 1999): Spiniferites elongatus s.l. 
assemblage zone
This zone is represented by the uppermost nine samples 
from 10-0cm of core JM99-1198 (Fig. 5). Characteristic 
for the zone is an abrupt change in the proportion of 
the cysts contemporaneously with a gradual decrease 
in the total cyst concentration toward the top. The 
concentration varies between 105,000 to 181,000cysts/g 
sediment. The most conspicuous change in the cyst 
composition involves a general up-core decrease in O. 
centrocarpum and maximum occurrence of S. elongatus 
s.l. There is a concomitant increase in Spiniferites spp., 
S. membranaceus (2-6%) and S. quanta. I. minutum s.l 
(>1-6.3%) decreases throughout the zone, but has peak 
occurrence at the top of the zone. Pentapharsodinium 
dalei is a rare species in zone E.

Discussion 

Modern distribution

The strongly dominating species O. centrocarpum is 
associated with the North Atlantic Current (Rochon 
& de Vernal 1994). The variation in the percentage 
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Figure 5. Down core variation of the dinocyst species and 
dinocyst concentration in cores JM99-1198 and MD99-
2297 versus age (AD). Note the different scale on the axis 
representing percent (%) of dinocysts: a) 0-50%, b) 0-30%, c) 
0-10%, d) 0-5%. 
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connected to variations in the atmospheric conditions 
and the inflow of AW to the region (Eiriksson et al. 
2006; Hass 1996; Kristensen et al. 2004). In order to 
differentiate between the factors (local or regional) 
controlling the hydrological changes, the dinocyst results 
are related to historical data.

Interpretation of zone A (c. AD 500 to c. 790)

The higher percentage of B. tepikiense in the lower 
part of zone A, exceeding that of the surface sediment 
samples and in the rest of the core sediments, may 
indicate that the water was stratified during summer 
(Marret et al. 2004). The temperature was probably 
lower as reflected by the larger proportion of I. minutum 
and the salinity was probably lower as reflected by S. 
elongates. The lower cyst concentrations in the older 
part of zone A support this interpretation. In spite of the 
somewhat cool conditions the high percentages of O. 
centrocarpumindicate that the fjord was ventilated and 
that exchange of waters took place. Seasonal stratification 
appears to have been strongest in the lower part of zone 
A, from c. AD 500 to 560, which records the highest 
abundance of B. tepikiense. 

In general, the time from c. AD 500 to 790 in the 
Malangen fjord is characterized as a cool period with 
reduced salinity. A cooling during this time interval, 
referred to as the Dark Ages Cold Period, is supported 
by regional and local history. Decreasing temperatures 
and increased rainfall are documented in historical 
data by the southern migration of tribes in northern 
Europe and the deserted farmlands between AD 400 
and 600. Tree-ring studies (Briffa et al. 1992) indicate 
an average temperature drop in  Scandinavia during 
AD 500-700 with a temperature minimum around AD 
660. Radiocarbon dating of moraines in North Sweden 
and at Svartisen in Norway indicate glacier advances 
between AD 550-970, with particularly cold summers 
around AD 550 (Karlèn 1988). In the Alpine region a 
temperature drop and glacier advance with a maximum 
at AD 600-700 was described by Röthlisberger (1976). 
Benthic isotope records from the mid Norwegian margin 
(Eiriksson et al. 2006) and from the Malangen fjord 
(Hald et al. in prep) indicate cooling during the Dark 
Ages Cold Period.

Interpretation of zone B (c. AD 790 to 1500)

The decrease in I. minutum reflects an increase of surface 
water temperatures. A shift from seasonal stratified water 
which prevailed in the lower part of the zone as reflected 
by the high percentages of B. tepikiense (10%), to less 
stratified water is indicated by a gradual decrease of B. 
tepikiense after c. AD 910. Weakening of the stratification 
may possibly be caused by decreased run off and 
increased inflow of warmer saline water as reflected by 
the gradual increase of O. centrocarpum to a maximum 
c. AD 1200. Compared to zone A, the dinoflagellate cyst 

of O. centrocarpum is associated with the exchange 
of water between the fjord basin, the shelf and ocean. 
Its percentage decrease from the shelf and outer 
fjord towards the fjord head reflects the fact that the 
fjord water becomes less influenced by warm, saline 
water (Fig. 4). Thus, O. centrocarpum represents a 
signal of warm, saline water inflow in the Malangen 
fjord. Contrary to O. centrocarpum, the percentage 
of Spiniferites ramosus increases from the shelf/fjord 
mouth to the fjord head (Fig. 4). The high percentages 
of S. ramosus recorded in the Malangen fjord are unique 
and have not been recorded previously from any other 
fjord or adjacent shelf environment. This species is 
associated with temperate to sub-Arctic water masses of 
both neritic and oceanic domains (Rochon et al. 1999). 
It tolerates a wide range of sea surface temperatures and 
salinities (Rochon et al. 1999) which is reflected by its 
distribution in the Malangen fjord. The distribution of 
S. ramosus shows a northernmost limit of occurrence at 
latitude around 70°N. Its occurrence in the Malangen 
fjord is likely associated with the local conditions within 
the fjord, i.e. elevated surface water temperature and 
somewhat reduced salinity. The peak occurrence of S. 
elongates s.l. at the head of the fjord may indicate that 
this species prefers even lower salinities than S. ramosus. 
High percentages of I. minutum have been recorded from 
sediments below Arctic surface water (de Vernal et al. 
2001; Grøsfjeld et al. this volume; Head et al. 2001) and 
are associated with summer temperatures below 8°C 
and seasonal sea ice (de Vernal et al. 2001). Elevated 
percentages of I.? cezare has been associated with Polar 
surface water and possibly multi-year sea ice (Grøsfjeld 
et al. this volume; Head et al. 2001). The low percentages 
of I. minutum and I.? cezare in the Malangen fjord reflect 
the relatively high surface water temperature in this 
fjord. Peak occurrences of B. tepikiense and P. dalei in 
the head of the Malangen fjord may reflect a preference 
these species have for low salinity and summer 
stratified waters. B. tepikiense has previously been 
associated with such conditions (Marret et al. 2004). The 
occurrence of the high temperature indicator Spiniferites 
membranaceus (de Vernal et al. 2001) at the fjord head 
may reflect its preference for warm water (Fig. 2).

Core sediments

The core sediments contain the same taxa as those 
recorded in the modern distribution along the fjord 
transect. However, the proportion of the different 
taxa in the cores varies, reflecting temporal changes 
in environmental conditions. We assume that these 
conditions can be related to a particular setting along 
the modern fjord transect and that we can extrapolate/
infer past conditions based on the current relationship 
between the dinocyst assemblage and the hydrology 
in the fjord, supplemented by relevant information 
on the dinocyst assemblage in sediments and surface 
water conditions from other regions. Late Holocene 
climate change in the northeastern Nordic Seas has been 
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round browns may reflect an increasing inflow of warm, 
saline water from the shelf.

The main period of the LIA worldwide extend from AD 
1550 to 1700 (Lamb 1979). However, investigations from 
different areas suggest strong temporal and regional 
differences. Records from the Skagerrak indicate stormy 
conditions from AD 1350 to 1550 and AD 1750 to 1900 
(Hass 1996). Most investigations place the LIA maximum 
(T>1°C below the average of AD 1900) between AD 1550 
and 1780, the 1690s representing the coldest decade 
(Lamb 1979). Reconstructions of sea-ice conditions from 
Iceland indicate several cold decades, notably the 1740s 
and 1750s (Ogilvie 1984). Between AD 1680 and 1700, 
drifting ice reached as far south as Scotland (Flohn & 
Fantechi 1984). Summer temperatures in Troms, North 
Norway, reconstructed from tree rings show that the 17th 
century, along with the 1450s, 1540s, and 1880-1910, 
were the coldest periods of the LIA in this region, with 
minima around AD 1605, 1640 and 1680 (Kirchefer 
2001). Bottom water reconstructions in the Malangen 
fjord clearly reflect a cold period during the LIA (Hald 
et al. in prep) and the dinocyst assemblages indicate that 
the time period from AD1500 to 1940 represents a cool 
period.

Interpretation of zone D (c. AD 1940 to 1999)

The decrease in O. centrocarpum and S. ramosus through 
the zone probably reflects a gradual decrease in the 
advection of warm, saline water. However, the decreasing 
abundance of I. minutum and the decreasing numbers 
of round brown cysts suggest little Arctic influence. The 
increase in B. tepikiense, having its maximum occurrence 
at AD 1975, indicates that the waters were seasonally 
stratified. The peak occurrence of P. dalei at the top of 
the zone may suggest some influence of transformed 
Atlantic water (Grøsfjeld et al., this volume). 

The interpretation of the dinocyst assemblages of zone 
D, is consistent with somewhat less influence from 
waters outside the basin and is interpreted to represent 
a period with relatively high surface temperatures. This 
is in agreement with meteorological data from Troms 
and summer temperatures reconstructed from tree rings 
(Kirchefer 2001) reflecting a rise in summer temperature 
from 1870. Bottom water temperatures in the Malangen 
fjord rose sharply around 1800 and continued to rise up 
to the Recent (Hald et al. in prep). In the period from 
1930 to 1999 the mean annual temperature has risen in 
northern Norway and precipitation has increased during 
the winter, spring and summer (Hanssen-Bauer 1999).

Conclusions 
1. The dinocyst assemblages reflect that the Malangen 

fjord was variously ventilated during the last ca.1500 
years up to AD 1999 and experienced temporary 

assemblages in zone B suggest more substantial exchange 
between the fjord waters and waters outside the fjord 
basin with an increase in surface water temperatures and 
salinity similar to those prevailing at present. 

The dinocyst assemblages during the years AD 790 to 
1500 indicate that the Medieval Warmperiod in the 
Malangen fjord, was characterized by increased inflow 
of warm, saline water. The Medieval optimum from the 
years AD 800/1000 to AD 1300/1500, has been reported 
as a warm phase from the Vøring Plateau, Norway 
(Grønås & Koc 1999), from North Sweden (Briffa et al. 
1990) and northern Norway (Kirchefer 2001), Crête, 
Camp Century and GISP2 Greenland (Dansgaard et 
al. 1969; Dansgaard et al. 1975)) and Quelccaya Peru 
(Thompson 1992) and from Nansen Fjord, eastern 
Greenland (Jennings & Weiner 1996). Benthic isotope 
records from the mid Norwegian margin (Eiriksson et al. 
2006) and from the Malangen fjord (Hald et al. in prep) 
show warmer stable conditions during The Mediaeval 
Warm Period. It is suggested that the Medieval Warm 
Period is a worldwide phenomenon (Broecker 2001). 
A cooler phase seems to split the Medieval optimum 
into two maxima, e.g. (Lamb 1977; Schönwiese 1979) 
but it appears that there are also temporal and regional 
differences. Investigations from the Greenland Ice 
Core Crête show a cooling phase between AD 800-850 
(Dansgaard et al. 1975), and tree-ring analyses from 
northern Sweden show a cold phase at AD 800-900 
(Briffa et al. 1992). Cold periods are indicated around 
AD 1200 and from c. AD 1280 to 1300 from Iceland 
(Ogilvie 1984). A cold interval is indicated from Nansen 
Fjord, Greenland, between AD 1110 to 1150 (Jennings & 
Weiner 1996). Glacier advance is reported from western 
Norway AD 1030-1220 (Nesje et al. 1991), and in the 
North Sea region there are signs of storm tides and a cold 
phase around AD 1100 (Lamb 1969). Such a cooling is 
not distinct in the Malangen fjord, however the slight 
increase of I. minutum around AD 1245 may represent a 
reduction in surface temperatures. 

Interpretation of zone C (c. AD 1500 to 1940)

A shift in surface water conditions occurs at the base 
of the zone, involving an increase of round browns, 
especially B. simplex, and a decrease in the occurrence 
of S. ramosus and O. centrocarpum. Round browns 
frequently occur in cold-temperate, sub-Polar and Polar 
environments and may be associated with upwelling 
areas, along ice margins and coastal areas (Grøsfjeld et 
al. this volume). The change in cyst proportions may 
reflect a decrease in sea-surface temperature and salinity 
reflected by higher abundances of I. minutum, I.? cezare 
s.s and P. dalei. High abundances of P. dalei occasionally 
occur in sub-Arctic and Arctic fjord and shelf 
environments and are likely associated with stratified 
water and high productivity during spring (Grøsfjeld et 
al. this volume; Solignac et al. this volume). The up-core 
increase in O. centrocarpum along with a decrease in 
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changes, most likely caused by variations in the influx 
of AW, precipitation and run off, and the formation 
of a stratified water column preventing advection of 
warm and saline AW.

2. Dinocyst assemblage zone 1 from c. AD 500 to 790, 
representing the Dark Ages Cold Period, represents 
the coldest time interval during the last 1500 years 
in the Malangen fjord, as reflected by the significant 
proportion of Islandinium minutum. The occurrence 
of Bitectatodinium tepikiense indicates that there was a 
developed stratification.

3. Dinocyst assemblage zone 2, from c. AD 790 to 
1500, including the Medieval optimum, reflects 
strong advection of warm, saline water and a 
decreased seasonality. This is indicated by abundant 
Operculodinium centrocarpum and Spiniferites 
ramosus and decreasing percentages of B. tepikiense 
and I. minutum.

4. Dinocyst assemblage zone 3, from c. AD 1500 to 
1940, representing the Little Ice Age, reflects cool 
and low saline surface water conditions, as indicated 
by the decrease of O. centrocarpum and increased 
proportions of round browns (mainly Brigantedinium 
simplex) and the significant percentage of I. minutum 
and Islandinium? cezare. 

5. The Modern Climate Optimum, 1940 and to the 
present (AD 1999), Dinocyst assemblage zone 4, 
from c. AD 1940 to the present (AD 1999) is a period 
dominated by transformed Atlantic water as indicated 
by the peak occurrence of P. dalei. 
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