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The Little Ice Age in the North Atlantic Region

Part IV: Norway

Peter Klevhery, Michael J. Oard*

Overview of
Norwegian Glaciers

Both Norway and Iceland benefit from
the warming effects of North Atlantic
Ocean currents (Figure 1). In contrast
with Iceland, Norway has significant
landmasses to the east with their con-
tinental climate. Mainland Europe’s
largest ice cap, Jostedalsbreen, is signifi-
cantly smaller than Iceland’s Vatnajokull,
which edges Svalbard on a volume basis
as the world’s third largest ice cap. Im-
portant Norwegian glaciers are shown
on Figure 2 and summarized in Table L.

Norway occupies the western half
of the Scandinavian Peninsula, which
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Abstract

he first two parts of this series (Klevberg and Oard, 2011a, 2011b)
Tintroduced methods of studying past climate change, the historicity
of the Medieval Warm Period and Little Ice Age, and the importance
of the Little Ice Age in understanding climate change and constraining
climatic models. The third part (Klevberg and Oard, 2012) provided
more detailed reasons for concentrating on the North Atlantic region
and summarized the rich climatic and glaciologic history of Iceland.
Our study of the effects of the Little Ice Age in the North Atlantic region
continues with this paper, which presents a summary of climate change
indicators and the history of the Little Ice Age in Norway.

Figure 1. The North Atlantic Region. Cold ocean currents shown in black, warmer
currents in gray.
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is large enough to provide significant
climatic contrast. Glaciers near the coast
are considered maritime, and respond
differently to climatic variation than
the inland glaciers (Bakke et al., 2008).

Evidences of Ancient
Climate Changes

Evidence of markedly colder and
warmer temperatures in the past than
the present is plentiful in Norway (Bakke
etal., 2005; Lillehammer, 1994). Fjords
are overdeepened valleys flooded by the
sea. Their form and location in high
latitudes lend credence to the almost
universal belief that they were shaped by
moving ice. Itis largely believed Norway
was virtually buried by ice during the
“Pleistocene,” with outlet glaciers form-
ing the fjords (Figure 3) and sculpting
the interior (Follestad and Fredin, 2007;
Lillehammer, 1994; many others—see
virtually any book on Scandinavian ge-
ography), though evidence of lack of gla-
ciation on many highlands (vidder) and
blokkhav (alpine boulder fields) in high
mountains is becoming more widely
known. Yet even though much geologic
work that led to development of fjords
and mountains and other landforms was
likely not glacial (Lidmar-Bergstrom et
al., 2000), the extent of features that do
appear glacial is extensive and much
greater in magnitude than what has
occurred in recorded history. Evidence
in Norway of arctic wildlife and very
different conditions from today is easy
to come by (Lillechammer, 1994).
Some have speculated that Norwe-
gian glaciers disappeared entirely during

the “carly Holocene climatic optimum”

(Nesje et al., 2008; NORPAST, 2001),
which is believed to have been more
than 1°C warmer than at present (Bjune
etal., 2005; Dahl and Nesje, 1994) and
possibly 3°C warmer (Jensen and Vorren,
2008). Pine stumps are present on the
high mountain plateau Hardangarvidda,
far above the present treeline, and the
treeline in Ranafjorden just southwest

Figure 2. Principal Norwegian glaciers.

of Svartisen (Figure 2) was 185 m (610
feet) higher than today (Lillehammer,
1994) in what we interpret to be early
postdiluvian time (perhaps immediately
following the Great Ice Age). Compa-
rable treeline differences have been
found in studies in northern Norway
(Bakke et al., 2005), and the Varanger
Peninsula at the northern tip of Norway
(Finnmark), which today is treeless, was
forested (Lillehammer, 1994). Some
researchers believe the equilibrium line
altitude (ELA) in Finnmark was 100 to

200 m higher than now, meaning an
average temperature +1.2°C relative
to today (Karlen and Kuylenstierna,
1996). Major inferred climatic periods
are summarized in Table II (traditional
interpretation).

Climate change in recent centuries
is also documented. In the region of
Jostedalsbreen (Figure 2), trails docu-
mented in the twelfth century between
farms crossed areas that to this day are
covered by ice (Grove, 1988). This
indicates that the climate had been
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Table I. Summary of Norwegian Glaciers.
Maximum Elevation
Figure Glacier Area Elevation | of Termini E.LA.

Number Glaciers/Locale* Type(s) (km2)* (masl) (masl) (masl)
2 Bldmannisen ice cap 87
2 Folgefonna ice cap > 83 1050-1235 > 1659
2 Hardangarjgkulen ice cap 73 1020-1360 > 1860
2 Jostedalsbreen ice cap 486 350-1200
2 Jotunheimen (Storbreen, cirque, valley 54 > 2090

Hellstugubreen, Grésub- 30 ~ 2200
reen,; total) 77 = 2200
37.9 1390-1830 > 2290
2 Langfjordjgkulen plateau 8.4 >1050
2 Lyngen, Storsteinsfjellbreen cirque, valley 141 1833-1894 400-1000
2 Okstinden ice cap 15.1 730-1090
1 Svalbard (total) ice cap, cirque, | 36,500 typically near 0 200-800
valley, piedmont

2 Svartisen ice cap >40 10-774
2 Alfotbreen ice cap 7.6 >1382

*Indicated area typically includes multiple glaciers.

Data from Bakke et al., 2005; Kjgllmoen, 2007; and Liestgl, 1967.

Figure 3. Looking south down Sunnylvsfjorden from Klevberg, Sunnmgre, Norway.

Photograph by Helge Klevberg.

relatively warm (or very dry) for a consid-
erable period (Medieval Warm Period?).
Even then, considerable variation was
possible. Cold years are spoken of just
after AD 1000, but only for a short time
(Krag, 1995). The forest chopped down
on the Rgrosvidda during the Little Ice
Age never grew back; it apparently had
formed during a warmer period (Sogner,
1996). Proxy data from Folgefonna do
not provide unequivocal evidence for
the Medieval Warm Period (Bakke etal.,
2005). Recent melting in Jotunheimen
(Figure 2) has exposed artifacts indicat-
ing areas were bare 1,500 years ago that
have been under ice since (Leppergd,
2010). If the dating is correct, then ice
covered this area before the Little Ice
Age and did not melt during the Medi-
eval Warm Period, even though land use
indicates the Medieval Warm Period was

significantly more clement than at pres-
ent (Helle, 1995)—evidence that the
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Table II. Paleoclimatology of Norway.

Conventional
Nomenclature*

Uncorrected

4C date™

Corrected
4C date™

Paleoclimatological
Data & Interpretations

Paleolithic - immediately after
deglaciation (Boreal)

10000-9000 B.C.

3060-3020 B.C.

Oldest *C-dated habitation site (Sarnes pd
Magergya)

“Lower Atlantic time”

9000-8000 B.C.

3020-2975 B.C.

Cold period, glacial advance

8000-7000 B.C.

2975-2915 B.C.

Climatic amelioration, forest advance

7000-6000 B.C.

2915-2835 B.C.

At least 12.5°C avg. summer temperature
(14°C+ in @stlandet based on Cladium

mariscus)

“Wet Atlantic time” — Mesolithic

6000-3000 B.C.

2835-2315 B.C.

Treeline in Ranafjord area 185 m higher
than today (Hardangarvidda similar)

Somewhat lower precipitation and mild

Sub-Boreal time — Neolithic 3000-1000 B.C. 2315-980 B.C. winters, average temperature 2-3°C
warmer than present

Bronze Age 1000 B.C. -0 980_0 B.C. Markedly colder, forest disappeared from
Varanger coastal areas

SubAtlantic ti Markedly warmer at time of Christ, with

ub-Atidnte thme = 0-400 A.D. 0-400 A.D. average temperature ca. 1°C warmer than

Older Iron Age
present

Younger Iron Age to Viking Era 400-700 A.D. 400-700 A.D. Return to colder climate

Viking Fra to High Middle Ages | 700-1200AD. | 7001200 A, | Senerally wammer climate; land suitable

for pasture was at least twice present area

High Middle Ages to
Mid-Nineteenth Century

1200-1850 A.D.

1200-1850 A.D.

LITTLE ICE AGE

Modern Era

1850 A.D. -

present

1850 A.D. — present

Global warming relative to Little Ice Age
(climatic recovery)

Table generalized from a large number of sources.

*Conventional paleoclimatological terminology italicized, conventional anthropological/archaeological terminology not itali-

cized.

**First Approximation Correction of *C Dates Using Brown (2006) Equation. Dates from Medieval times to present generally

established independent of radiocarbon.

complexities of climatology, including
variations in both temperature and pre-
cipitation, must be taken into account
in attempting to explain glacial history
in Norway, especially at these sites 2000
m above sea level.

The Little Ice Age Advances

In general, the coming of the Little Ice
Age parallels that observed in Iceland,
Switzerland, and elsewhere. Norway
experienced a change toward a cooler
and wetter climate beginning in the

1200s (Helle, 1995) and worsening af-
ter 1590 (Rian, 1995). The 1600s were
a time of difficulty in Europe from a

variety of sources, but “cold weather”

featured high on the list (Rian, 1995,
p. 222). Grove (1988, p. 78) states that
government reports from 1702 reveal
widespread evidence of “dramatic and
swift” climatic deterioration after 1667.
Late and early frosts and ice in fresh and
saltwater bodies that today are virtually
ice-free are recorded from the 1700s
(Sogner, 1996). After somewhat milder
but unstable years at the end of the

eighteenth century, the early 1800s had
cold winters and often cold summers
(Dyrvik and Feldbeaek, 1996; Seip, 1997).
Records of destruction of Norwegian
farms by advancing glaciers, though
limited, appear contemporary with (or
up to a century later than) similar events
in Iceland and Switzerland (Table II).
Norwegian agriculture also suffered
from the cooler climate and shorter
growing seasons, even where glacial
advance was not a threat (Grove, 1988).
Newer research has confirmed that

deterioration in climate occurred
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beginning in the latter half of the
1200s. The summer temperature
was lower, and the average tem-
perature decreased. This was
a weather pattern that came to
dominate clear into the 1700s, with
warmer periods between. (Bjgrvik,
1996, p. 33)

Norwegian glaciers grew in all parts
of the country, though more so in the
south than the north, and with some
differences in timing. Figure 4 compares
glacial fluctuations for major Norwegian
glaciers. The locations of these glaciers
are indicated on Figure 2. In general,
Norwegian glaciers reached their maxi-
mum extent in the mid to late 1700s
(Grove, 1988). Historic fluctuations of
important Norwegian glaciers are shown
in Figure 4 and described individually
below. The locations of these glaciers
are shown in Figure 2.

Folgefonna

Folgefonna is Norway’s third largest
body of ice, after Jostedalsbreen and
Svartisen (Kjgllmoen, 2007). It expe-
rienced three significant advances: (1)
at approximately AD 1750, (2) in AD
1870, and (3) around 1930 (Bakke et al.,
2005). As is typical, minor advances and
retreats occurred between these major
episodes. Folgefonna is a maritime gla-
cier and is strongly influenced by winter
precipitation.

Jostedalshreen
Abandonment of some of the farms in
the Jostedal area purportedly preceded
the Black Death (Grove, 1988), which
may indicate a glacial advance at that
time. Bjgrvik (1996, p. 34) states, “The
‘Little Ice Age’ fits the Jostedalsbreen re-
gion well from the middle of the 1200s.”
Grove (1988) cites Schgning’s record

Table III. Farm or Settlement Overrun by Ice During Little Ice Age.

from 1761, which states that cold years
and bad harvests occurred from 1294
on. “The earliest reliable evidence of
direct damage to farmland by advancing
ice in Scandinavia comes from Jostedal
in a brief account, dated 1684” (Grove,
1988, p. 69). Jostedal had been resettled
in the 1500s (it had been abandoned as
a result of the Black Death), contempo-
rary with the demise of farms from the
Mont Blanc glaciers in the Alps (Grove,
1988). Accounts from the early 1700s
indicate significant glacial advance that
overran relatively large areas that had
been farmed for long periods, though
the advances were typically interspersed
with smaller recessions (Strgm, 2001).
“In sum, evidence from the farm histories
of Jostedalen dates the descent of the ice
from the high tributary valleys to the
1680s and the subsequent encroachment
onto permanent farm sites to the period

Farm or Settlement Location Glacier Date Overrun
Fjall ca. 1700
Breida . ) 1697-1700

: Breidamerkurjokull
Kéri S6lmundarsson’s tomb pre 1712
Breidamerkursandur farms ca. 1350-1750
Trimbilsstadir ca. 1600
- - Iceland
Oldugil . ca. 1400-1710
— - Drangajokull
Svidningsstadir ca. 1700?
baralaturstjordur valley ca. 1450-1650
Nedra Horn o ) pre 1650
Reykjafjardarjokull
Fremra Horn pre 1650
Various farms Switzerland Mont Blanc late 1500s
Krumdalsaetra Tuftebreen
Various farms 1680-1745
Norway
Tunggen Jostedalsbreen December 1743
Helleseter
Various farms Greenland Greenland outlet glaciers ca. 1350 ff.
Le Chatelard pre 1600
: France Mer de Glace
Le Bois

Sources: Evans and Twigg, 2002; Fagan, 2000; Grove, 1988.
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Figure 4. Variations in frontal position of several Norwegian glaciers. Values are

standardized to 1890 frontal positions.

between the 1680s and 1745, a period of
increased winter snowfall and short cold

summers’ (Grove, 1988, p. 73).

Hardangerjekulen
The inferred drop in ELA for the
Hardangerjgkul parallels that of the
maritime Folgefonna and Jostedalsbreen
(Bakke et al., 2005) or leads it in phase
with the inland Jotunheimen (Nesje
et al., 2008). The latter seems more

probable for the more continental (i.e.,
inland) Hardangerjgkulen, though the
complexities of different lag times for
outlet glaciers and the relative impor-
tance of summer temperatures and
winter precipitation between interior
and coastal glaciers can make the com-
parison difficult (Dahl and Nesje, 1994).
Inferences of climatic change based on
these differences must be made with
care.

Jotunheimen

Data for Jotunheimen, an inland ice
cap, are much sparser than for Jostedals-
breen, which is the better documented.
In general, they correspond to the
growth and retreat of Jostedalsbreen,
though the contrast between the mari-
time (Jostedalsbreen) and continental
(Jotunheimen) is also documented
(Bakke et al., 2008; Grove, 1988). The
recent discoveries at Juvfonna reported
by Leppergd (2010) suggest that ice
accumulated in Jotunheimen long
before the Little Ice Age, perhaps in-
dicating cloudier conditions relative to
the present, lower maximum summer
temperatures than today, greater pre-
cipitation, or some similar combination
of conditions.

Svartisen
Lacking good historical documenta-
tion, dating of Svartisen events depends
largely on interpretation of data from
radiocarbon testing and lichenometry
(see the appendix in Klevberg and Oard,
2011a and Appendix B in Klevberg and
Oard, 2011b). However, Petter Dass,
Norway’s famous hymnist and poet,
noted that the Svartisen outlet glacier
Engabreen reached the seashore about
1693 (Grove, 1988). The same maritime-
continental contrast is observed in the
north as has been noted farther south:
“Whereas in the more maritime areas,
although variations in temperature have
been almost the same as in the interior,

increased accumulation has played the
decisive role” (Grove, 1988, p. 107).

Svalhard

Advances of glaciers on Spitsbergen,
the largest island in the Svalbard Archi-
pelago north of Norway, were the great-
est “in atleast 8,000 years”(Grove, 1988,
p- 318). Not all of the Svalbard glaciers
overtopped their terminal moraines,
however. Presumably these moraines are
relicts from the Great Ice Age, meaning
advances were significantly less during
the Little Ice Age.
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Table IV. Equilibrium Line Altitude Comparisons for Iceland and Norway.

Little Ice Age Inferences References
Tem-
perature E.L.A. Base
Glacier/Region Year Difference | Difference | Year(s)* Author
Solheimajokull ca. 1800 -1.6 °C 1960-90 | McKinzey et al., 2005
Eirtksjokull ca. 1875 -1.5°C -250 m ca. 1990s | Gudmundsson, 1998
Trollaskagi pre-1925 -200 m? post 1925 [ Caseldine, 1987; Bjornsson, 1980
Trollaskagi-Horgardalur 1800s Sm ca. 1920s? | Hiberle, 1991
Trollaskagi — observed -2°C 50 m ,
- - 1925-1960 | Caseldine & Stétter, 1993
Trollaskagi — theoretical -300 m
. 1600-1920 3to-4°C ca. 200 m/°C | clima optima | Bjornsson, 1980
Iceland in general
400 m 1960-90 | Grove, 2001
clima optima +2°C 1980-2005 | Bjune et al., 2005
Western Norway
-04°C Grove, 1988
-150 m + Grove, 1988, p. 414
Northern Norway -1°C Grove, 1988
-100 to 250 m 1960-90 Bakke et al., 2005
Spitsbergen -2°C -110 m Grove, 1988
ca. 1750 -125m ca. 1990 | Aa, 1996
Western Norway
Grove, 1988

*estimated in some cases from context

Elsewhere

Small glaciers and ice caps grew or
formed in many parts of the country
distant from the larger glaciers. This was
true in Sunnmgre; this part of the country
was affected neither most nor least by the
climatic change and may be more or less
average. The preponderance of figures
in this paper from Sunnmgre primarily
reflect the fact the lead author’s father is
a sunnmgring; similar features could be
found elsewhere in the country. Many of
the small glaciers and ice caps observed
during the Little Ice Age (Strgm, 2001)
still exist, though they have often melted
back severely (Figures 6, 7, and 8).

Interpreting the

Glacial Record
Common ideas call for multiple glacia-
tions in Norway, and examination of mo-

raines and other features indicates this
may have been the case. As was shown
in Part [ of this series (Kleverg and Oard,
2011a), it is especially important to note
the limitations of proxy data because
many of these are interdependent and
rife with uniformitarian bias. Table II
shows paleoclimatologic inferences for
Norway; the dates become increasingly
speculative and errant toward the top of
the table (see appendix).

Dates of glacial events are often es-
tablished using radiocarbon test results.
Even for relatively recent materials,
these dates are often believed to be
greatly in error, much more than that
reported by the testing laboratory, es-
pecially when efforts are made to date
buried soils (Bakke et al., 2005; Karlén,
1981; Matthews, 1982; Matthews et al.,
1996; Winkler et al., 2003). This has
proven true for Little Ice Age deposits,

and the error becomes worse with older
samples (Brown, 2006).

Detailed reconstructions of Little
Ice Age temperatures for western Nor-
way have been based largely on historic
proxy records (Nordli, 2001; Nordli et
al., 2003). They are therefore particu-
larly valuable. While evidence of cooler
temperatures begins as early as the
1200s, glaciers did not advance enough
to threaten habitations until at least the
1300s and probably much later in most
places.

ELA estimates are calculated based
on elevations of terminal moraines. ELA
fluctuations are summarized in Table
IV and indicate a drop in ELA between
zero and 250 m, depending on the year
maximum extent was reached and which
base year is chosen for comparison. In
general, results indicate a drop of 100 to
250 m (325 to 825 ft.), equivalent to tem-



50

Creation Research Society Quarterly

Figure 5. Fluctuations in end position of Jostedalsbreen outlet glaciers standardized to 1890 frontal positions.

perature anomalies between zero and
-2.5°C (i.e. £0F° minimum to -4.5F°).
Little Ice Age advances appear to
have been approximately equal to previ-
ous maxima in the south of the country
based on terminal moraines (Winkler et
al., 2003), though evidence of previously
more advanced termini is present both
above sea level (Dahl and Nesje, 1994)
and below sea level (Larsen et al., 2006)
at some locations, such as Hjgrundfjord
and Sunnylvsfjord (Figures 2, 6, 7, §,

and 9). Difficulty in dating moraines
contributes to confusion (Mathews et al.,
1996). Topographic factors also compli-
cate interpretation (Aa, 1996). Glaciers
in the north of the country did not always
reach their terminal moraines during
this period (Grove, 2001), though they
often erased earlier marginal moraines
both in the north (Bakke et al., 2005)
and the south (Dahl and Nesje, 1996).
Glacial maximum for the Little Ice
Age in Norway occurred between 1700

and 1900, with most glaciers reaching
their maximum extent around 1750, but
some (especially in the north) reached
maximum extent around 1900 or even
later. Accounting for lag times and dif-
ferences in response to temperature and
precipitation, glacial extent data fit well
with historical and proxy evidence for
a gradual warming trend over the past
150 years or so. Interior (continental)
glaciers have been observed to shrink
while coastal (maritime) glaciers fluctu-
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Figure 6. Map of Storfjord area, Sunnmgre, Norway.

Figure 7. Map of inner Storfjord area.

ated or continued to grow in response to
what were often simultaneous increases
in temperature and coastal precipitation

(Grove, 1988; Nesje and Dahl, 2003).

The longest record comes from Josted-
alsbreen, for which fluctuations in outlet
glacier frontal position are indicated in
Figure 5. In general, a date of ca. AD

1750 seems appropriate for the peak of
the Little Ice Age in Norway.

The Little Ice Age Was Little
The observed effects of the Little Ice Age
in Norway are minuscule compared to
what is inferred to have happened in the
unobserved (or at least undocumented)
Great Ice Age. While existing glaciers
advanced and small ice caps formed
(Figure 8), these changes were orders
of magnitude smaller than the valley
widening and deepening inferred to
have occurred thousands of years ago
in the same areas (Figure 3). While it
had profound impacts for people living
proximate to the extant glaciers, and
climate change (climatic deterioration)
impacted thousands more, the Little
Ice Age was nothing approaching the
ancient icebound country with polar
bears on the southwestern coast (Lille-
hammer, 1994).

Summary

That the Little Ice Age profoundly af-
fected Norwegians living in proximity
to glaciers is indisputable, and that its
effects extended for centuries and to
areas more distant from major glaciers
is also documented (Figure 8). However,
the name “Little Ice Age” appears appro-
priate, for not all marginal moraines and
only a minority of terminal moraines
were overtopped between 1450 and
1900. This indicates that in Norway the
Little Ice Age, though noteworthy and
measurable, was significantly smaller
than the event or events that produced
many of the topographic and geologic
features we recognize as glacial. In the
fjord country of western Norway, in
particular, the differences are orders of
magnitude in scale.

In general, the Little Ice Age ap-
pears to have peaked in Norway about
the year 1750, similar to the record in
Iceland (Klevberg and Oard, 2012).
Grove (1988) noted the remarkable
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Figure 8. The summer pasture areas (satre) belonging to the Knivsfli and Horvadrag farms on the south side of Geirang-
erfjorden (Figure 5) were separated by this wall of dry-stacked rock in the late 1800s. While it may appear they simply quit
building the fence, it actually ended at an ice field. The ice field is now gone. Photograph courtesy of Jens-Petter Grebstad.

correspondence between advances and
retreats of similar glaciers in Iceland
and Norway. Climate change during
this period produced a drop in ELA in
Norway of 100 to 250 m (325 to 825
ft.), indicating a depression in average
temperature of as much as 2.5°C (4.5
F°) relative to AD 2000.

Landforms, sedimentary fabrics,
and surface features that appear to be
glacial in origin are found throughout
the country, far beyond the limits of
Little Ice Age glaciation, including far
below present sea level. This appears to
indicate a fundamental distinction be-
tween the inferred Great Ice Age and all
subsequent glaciation; any subsequent
glaciation may be expected to have re-
sembled the Little Ice Age in both cause

and character. Further significance of
these observations to the climate change
debate and ice age inferences will be
addressed in future papers in this series.
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Glossary
Black Death—the devastating spread of

bubonic plague in Europe in medi-
eval times. It reached Norway from
England in 1349 and killed nearly
two-thirds of the inhabitants.
cirque—a rounded basin eroded into a
mountainside by a glacier.
continental glacier—'This term is typi-
cally applied to glaciers or ice sheets
covering large portions of continents,
but Norwegian researchers regularly
apply the term to inland glaciers af-
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Figure 9. Moraine and landslides mapped beneath Sunnylvs-
fjorden, Sunnmgre. Deepest part of fjord in mapped area is
nearly 500 meters (1,500 feet) deep and approximately 1,400
m (0.9 mi.) wide. Mountains flanking the fjord are about

sea level.

850 m (2,800 ft.) above sea level, making the total glacial
valley depth approximately 1,350 m (4,300 ft.).

fected by a continental rather than
maritime climate.

equilibrium line altitude —the altitude at
which the balance point occurs, with
ice accumulating faster than it melts
above the ELA and melting faster

than it accumulates below the ELA.

fijord—a long, narrow arm of the sea;
a deep valley, typically a drowned
valley with a U-shaped section and
shallower at the mouth where it
meets the sea.

piedmont— at the foot of a mountain or
mountain range

Appendix:

Isostasy, History, and the
Great Ice Age in Norway

Farly conclusions on “varves” and iso-
static rebound formed the basis for opin-
ions that affect the thinking of many to
this day, despite the revelation that these
rhythmites are generally not annual lay-
ers (Oard, 2009) and may often represent
single depositional events (Berthault,
1986; Julien et al., 1994). Historical

Figure 10. West side of Akershus Fortress, Oslo. The arched
opening at lower left was an entrance for boats during me-
dieval times. It is now two meters (a good six feet) above

evidence of a much quicker and more
recent isostatic adjustment is common
(Figure 10—Akershus festning). Re-
searchers routinely account for isostatic
rebound in estimating treeline eleva-
tions and equilibrium limit altitudes
(ELA’s) in Norway and western Sweden
(Bakke et al., 2005; Grove, 1988; Dahl
and Nesje, 1996; and others—see many
resources in paleoclimatology, e.g., the
website of Norges Geologiske Under-
sgkelse). Dates, of course, are linked to
typical uniformitarian assumptions and

methods (Lillehammer, 1994).
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Many places in Norway attest to the
significance of landheving, the gradual
elevation of the land over time. The
same effect could be produced by eu-
stasy, that is, change in sea level. This
would require a significant drop in sea
level, something not observed elsewhere.
Instead, landheving has occurred in a
roughly bullseye pattern (isostatic re-
bound), and with what is believed to be
a modest rise in sea level (Grove, 1988;
Lillechammer, 1994) widely attributed to
global warming.
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