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.1971. The main aim of the svmposium was to
reach an agreement on a morc uniform appli-
cation of international termirrology in Norden.

During the symposium a writ ten report was
presentcd by Mangerud (1973), and oral intro-
ductions were given by Andersen, Bcrglund and
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Mangcrud. Scientists representing the principal

Quaternary Departments in Norden, and the

main discipl ines of Quaternary studies, part ici-

pated. The opinions expressed were therefore

assumed to be representative of Nordic Quater-

nary  geo log is ts .  A t  thc  sympos ium i t  was  sug-

gested that the present authors should prepare

u loint proposal, mainly based on the results

from the symposium. The f irst draft for the

chapter on the chronostrat igraphy of the

Pleistocene has been writ ten by Anderser.r,  for

the chronostrat igraphy of the Late Weichsel ian

by Berglund, and for the other chapters by

Mangerud, based on his earl icr report '  The

proposals are, however, the responsibi l i ty of al l

the authors.
The terminology and the principles for strat-

igraphical classif icat ion during research in the

Quui".noty of Norden have developed largely

independently of international rules Mangcrud

(1970b, 1973) has discussed and recommended

the application of the results reached by the

International Subcommission on Strat igraphic

Classif icat ion, a commission in the International

Union of Geological Sciences. The results of

the subcommission have recently been pub-

l ished (Hedberg ed. 1970a, 1970b, 197\a,

1g71b, 1912a, 1972b), and we propose that

these are appl ied as far as possible also to the

Quatc rnarY o [  Norden.

LithostratigraPhY

Formal l i thostrat igraphical units have been

very l i t t le used in Norden' Such units were,

however, used for lacustr ine sediments by

Mangerud (1970b), for glacigenic sediments.by

Mangerud & Skreden (1972), and for marine

sediments bY Mdrner (I97I).

For correlat ions, l i thostrat igraphy wil l  prob-

ably be of major importance only in a few

cases. In our opinion, however, l i thostrat i-

graphical units should be used to a much

gt"ut"t  extent in the future than they have been

in the past, for instance in connection with

studies of t i l l  beds, marine transgression sedi-

ments, Balt ic Sea sediments, etc'

BiostratigraPhY

In Norden, biostrat igraphical units have been

dcfined on the basis of molluscs, foraminifera,
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diatoms and pol len. We do not intend to sum-

marize al l  these classif icat ions' merely put for-

ward some proposals for terminology'

Mollusc zones

In  eas tern  Norway,  Brogger  (1900-1901)  de-

scribed strat igraphical units based on molluscs

(summarized by O. Holtedahl 1960). He used

terms l ike Yoldia Clay, Arca Clay etc' ,  which

are combinations of biostrat igraphical (Yoldia,

Arca) and l i thostrat igraphical (Clay) terms'

Correct terms would be Yoldia Zone, Arctt

Zone, etc. However, the names of the taxons

have also changed, and therefore, according to

Hedberg (op.cit .) ,  the correct term for the

Yolclia Clay is Portlandia Zone, or preferably

P o r t  l t r  nd i t t  u rct icd Zone.

S imi la r  te rms were  used by  A.  Jessen (1899,

summarized by Hansen 1965, pp. 49-50) for

northern Denmark, e.g' Older Yoldiu Clay'

Younger Yoldia Clay, Sttxicavu Sand and Zlr-

phaei Beds. On the Swedish west coast Ask-

lund (1936) described a complete sequencc of

Late Weichsel ian mollusc zones' They were

named 'Zones' but with cl imatological pref ixes,

such as 'High glacial '  and 'Boreal ' ,  i 'e '  a com-

bination of biostrat igraphical and cl imatostral i-

graphical terms. In the Balt ic area Ancylus

Ctay anO LittorinrL Clay have been uscd for

sediments deposited during the Ancylus and

Littorirttr phases respectively. There is obvious-

ly a biostrat igraphic inf luence on the l i tho-

strat igraphic as well  as the chronostrat igraphic

terminology which should be avoided' There ts

also a need for revision of the Holoccne mol-

lusc biostrat igraphy of the Balt ic Sea'

Foraminileral zones

Feyl ing-Hanssen (1964) defined foraminiferal

zones in the Oslof jord area' and designated the

zones with letters (A-G). He also named some

of the zones after the dominating species, i  e'

the Bulintina ntarginata Zone, for which a com-

pletely adequate term would possibly be Buli-

mina rnargirtata Acme-zone. The other zones

could also have been named. I t  is of great im-

Dortance. however, that these zones are clearly

defined biostrat igraphical units, and therefore

do not cause confusion. From southwestern

Norway and northern Denmark Weichsel ian

foraminiferal zones are dcscribed as assem-

blage zones (Feyl ing-Hanssen et al '  1971)'
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Diatom zones

Study of the diatom f lora in Holocene Balt ic
sediments is a classical f ield of research in
Sweden and Finland. Diatom assemblases char-
acterizing sediments deposited in waters of
varying sal inity have been described. In this
way a series of diatom zones were described by
S u n d e l i n  (  l 9 l 9 ) ,  T h o m a s s o n  ( 1 g 2 7 .  1 9 3 5  r .  a n d
used by others, i .e. Florin (1911), Berglund
(1961), Donner (1964), as combined biostrat i-
graphic and chronostrat igraphic units. Thomas-
son (1927, 1935) described the Gyrosignn
phase and the Echineis phase as units preceding
the Ancylus t ime, Sundelin (1919) the Masto-
gloia time and the Clypeus time as transitional
phases between the Ancylus and the Littorina
time. The Mustogloia phase (and Mastogloia
Sea) is st i l l  used as a synonym for the Early
Lit torina phase. However, diatom as well  as
mollusc names should be restr icted to bio-
strat igraphic zones - possibly with a correlat ion
between the two systems. In this respect there
is also a lack of information on which to base
such a correlat ion.

Pollen zones

Earl ier the biostrat igraphy in a l imnic-terrestr ial
environment was based on macrofossi ls, mainlv
fruits, seeds, wood remains etc. As early as
1841 Steenstrup described four Holocene zones
on this basis: Aspen-, Pine-, Oak- and Alder-
zones. They were based on biostratigraphy but
used also for chronostrat igraphy. Similarly An-
dersson (1896) used the zonation: Dryas-,
Birch-, Pine-, Oak- and Spruce-zones, when he
described the history of the Swedish vegetation.

Lennart von Post (1916, 196'7) developed the
analysis of pollen into a statistical method ex-
tremely useful for biostratigraphic correlation
throughout the whole Quaternary. The method
was original ly used for relat ive chronology by
geologists and later i t  was developed by bota-
nists into a f ine instrument for the interoreta-
t io r r  o l ' vegeta t iona l  changes or  ecosys tem suc-
cessions. The most widely used pol len zone
systems for the Late Weichsel ian and the Holo-
cene in Norden was that devised by Knud Jes-
sen in Dcnmark (K. Jessen 1935, 1938). Similar
zone systems were described by Nilsson (1935)
for southern Sweden and Fagri (1935, 1940)
for southwestern Norway. The zones were de-
scribed as pol lcn assemblage zones, which were
given numbers easi ly used in pol len diagrams,
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probably f irst appl ied by von Post (1925). These
so-cal led pol len f lor ist ic zone systems were
correlated with geologic and archaeologic
chronologies and used as independent chrono-
log ies  (e .g .  N i l sson 1935:554,  1965,  c f  .  H ikans-
son 1971a:486;  Hansen 1965:581 B.  G.  Ander -
s e n  1 9 6 5 : l 2 2 ;  L u n d q v i s t  1 9 6 5 : 1 5 6 ;  D o n n e r
1965:264). According to Nilsson (1948a, b) the
pcl len zones could be correlated between south-
ern Sweden, Denmark and Germany due to a
presumed synchronism within the area. Jessen's
zone system was applied to south-central Swe-
den (Fries 1951), to Finland (Sauramo 1949,
1958; Donner 1951) and to Norway (Fegri
1954; Hafsten 1956). Meanwhile, Jessen's sys-
tem was modif ied and introduced also into cen-
tral Europe by Firbas (1949). In 1953 (Fegri
1954:23'7) Scandinavian pol len analysts agreed
to use Jessen's pol len zones for the Late Weich-
sel ian and the Holocene throughout the area.
This marked an importar.rt step forward, as
pollen zones were the most precise method for
correlat ion avai lable at the t ime. In this way
the biostrat igraphic pol len zone systems devel-
oped into synonymous chronostrat igraphic sys-
tems. However, this led to a false picture due to
the lack of an absolute chronology. The radio-
carbon method did not provide dates unti l  the
1960's. Zone boundaries based on the spread of
immigra t ing  spec ies  can o f  course  be  expec ted
to be metachronous. This was proved for the
Corylus expansion in southern Scandinavia
(Berglund 1966a:110; Hafsten 1969), for picea
in Finland (Aario 1965) and for Picea in the
whole of Norden (Moe 1970).

Recently the extensive use of Jessen's zones
has been cri t icized (Hafsten 1969, 1,970;
Mangerud I970b; West 1970; Donner 1971;
Birks 1973:280). The main objection is that
several of the zones are not recognizable out-
side l imited areas. For instance, Jessen's zone
IX is characterized by the immigration of Car-
pinus and Fagus. The former species is not
found in Norway, and Fagus has a very re-
str icted occurrence. Nevertheless. Jessen's zone
IX is widely used also in Norway, the zone
being identi f ied on cl imatostrat igraphical or
chronostrat igraphical cr i ter ia. Jessen's zone sys-
tem is therefore not used exclusively as a bio-
strat igraphical classif icat ion, but rather as a
combination of biostrat igraphical,  cl imatostrat i-
graphical and chronostrat igraphical classif ica-
t ions. For the present-day need of precision,
this is not satisfactory.



112 Jan Mangerud, Svend T. Andersen et al.

The international rules (Hedberg ed. 1971a)
also apply to pol len zones. In the case of Holo-
cene diagrams these rules were probably f irst
applied by Cushing (1967) in Minnesota,
U.S.A., and in Norden by Mangerud (1970b),
Donner (197I), Hyvdrinen (1972, 1973) and
Vorren f i972, 1973). For the Isle of Skye in
Great Britain, Birks (1973:273-281 , 325 ff .)
has str ict ly appl ied the rules.

The main experience and phi losophy behind
the proposal of the International Subcommis-
sion on Stratigraphic Classification (Hedberg
ed. 1971a) is the evolut ion and extinct ion of
taxons, mainly of marine habitats. Biostrat i-
graphical units based on such criteria will only
be found in one strat igraphical posit ion, and
usually have a wide geographical extension.
Pollen zones in the Late Quaternary are to the
contrary mainly based on the geographical mi-
grat ion of terrestr ial plants, mainly tree species.
These zones, therefore, might be repeated in a
sequence, and general ly the zones wil l  have a
very limited geographical extension. The latter
is especial ly the case in Norden, because of i ts
very differentiated topography and climate.
Some modif icat ions of the rules for the pre-

Quaternary stratigraphy have to be made. A
solution of some of these problems might be
the definit ion of regional pol len assemblage
zones, as proposed for Finland by Donner
(1.97I). However, present-day pollen diagrams
are ger-rerally not satisfactory for such defini-
t ions. We need an extensive col laboration for
(1) the definit ions of biostrat igraphic reference
areas, (2) thorough investigations of palaeoeco-
logical standard profiles (preferably lake sedi-
ments within the reference areas), (3) correla-
tion between regional biostratigraphy and the
proposed general chronostratigraphy.

In pol len studies, the most used type of zones
have been assemblage-zones. For ecological
interpretat ions, the use of pol len assemblage
zones has clear advantages, as the pol len assem-
blage wil l  ref lect plant communit ies. From a
stratigraphical point of view one might, how-
ever, prefer other types of zones, where the
boundaries are defined by only one cri terion.
For ir-rstance an interval-zone, the Corylus
riselAlnus r ise Interval-zone, defined by the
rational l imit of Corylus and Alrtus, should be
unambiguous and recognizable in large parts of
Europe.

The discussion above refers mainly to the
biostrat igraphy of the Late Weichsel ian and the
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Holocene deposits. However, the same aspects
are val id for older Quaternary deposits. In re-
cent investigations of pre-Weichsel ian and
Weichsel ian sequences of Denmark, S. T. An-
dersen G961:17-18,  1965)  used numbered
zones which correspond to pol len assemblage
zones.

Morphostratigraphy
For many Late Pleistocene and Holocene sedi-
ments, the landforms are one of thc major
characterist ics. Frye & Wil lman (1962) there-
fore suggested the recognit ion of morphostrat i-
graphic units, though Richmond (1959) and
Flint (197L:200) are of the opinion that land-
forms should not be used as strat igraphic units.
No doubt, landforms do dif fer from thc gencral
strat igraphic idea of superposit ion of strata.
Nevertheless, landforms originated at various
moments in geologic t ime. For instance, a suc-
cession of shorel ines at dif ferent levels, or a
series of end moraines behind each other. are
obvious bases for relat ive dating of geological
events. The dif ferences betwecn morphostrat i-
graphical and tradit ional strat igraphical units
are, f i rst ly, that landforms are abstract sur-
faces, while tradit ional ur.r i ts are real bodies of
rock strata, and secondly, that in tradit ional
strat igraphy the younger units are found in
vert ical sequences above the older ones, while
in morphostratigraphy the younger units often
occur in lateral sequences at lower levels than
the older ones. The important point for us is
that in some cases i t  may be desirable to classi-
fy geological events on the basis of their land-
forms. We therefore recognizc a morphostrati-
graphical classificatior.r.

Moraincs, as landforms, are general ly asso-
ciated with a geographical name, for instance
the Ra moraines, the Central Swedish moraines
and the Salpausselkri  moraines. The same terms
might be used for the morphostrat igraphic
units, only in capital ized form (Aarseth &
Mangerud 1974), for example the Ra Moraines.
In Sweden the sequence of Late Weichsel ian
'moraine l ines' could be named thc Fj: ir is
Moraines, the Mosldtt-Berghem Moraines, the
Central Swedish Moraines (cf.  Mcirner 

' l  
969).

Similarly the Minnesund Delta, the Lavik San-
dur, etc. could be used for other morphostrat i-
graphical units. The term Substage is often
used in the same sense. This is, howcvcr. a
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chronostrat igraphical term and should not be

used in connection with end-moraines.
No general ly acccpted terminology exists for

shorel ines. Very oftcn they are designated by

letters and/or numbcrs, for instance Marthinus-

sen (1960) in northcrn Norway used 51 S1s,

Pr-Prz and Nr-Nn. He also used the term Tapes

l ine, which is general ly used in Norway for

shorel ines connccted with the Tapes transgres-

sion. The numbered Holocene transgression

schemes of thc Kattegat (c.g. Mcirner 1969'

with PTM 1 10) and thc Balt ic Sea (e.g. Berg-

lund 1971b, with Lit torina I-VI) refer to thc

morphological ly recognized shorel ir .res as well

as the transgression sedimer-rts'  Perhaps also

shorel ines should be named from type local i-

t ies .

Climatostratigraphy
A major characterist ic of the Quaternary was

the great variat ions in cl imate, which have also

natural ly been a main base for strat igraphic

subdivision.
Synchronism of cl imatostrat igraphical bound-

aries has been much discussed and has been

brief ly mentioned above. We wil l  not discuss

this further here, but mcrely state that in prin-

ciple such boundaries are not str ict ly syn-

chronous because cl imatic changes are com-

plex, and because we do not observe the cl i-

matic changes themselves, only the impact ot

the changes on vegetation, fauna, glaciers,

oceans, sedirnents etc. The question of syn-

chronism is of course also a question of preci-

sion. For the pre-Weichsel ian, t ime-correlat ions

based on cl imatic intcrpretat ions are certainly

more precise than other methods of correlation

avai lable today. This, however, wi l l  not always

be the case for the Holocene and the Late

Weichsel ian.
We wil l  thcrefore maintain the dist inct ion be-

tween climatostratigraphical units and chrono-

strat igraphical units (Am. Com. Strat igraphic

Nom.  1961;  Mangerud 1970b) .  F l in t  (1971:373)

has recently changed the concept of cl imato-

strat igraphy to glacial strat igraphy; in our

opinion this is a restr ict ion which is not de-

sirable. We propose the definit ion that a cl i-

matostrat igraphical unit  is a strat igraphical unit

with the boundaries defined by geological in-

dications of cl imatic changes. Thus, the bound-

ar ics  may be  t ime- l ransgress ive .

Qudternary stratigraphy of Norden

Many of the stratigraphical units of the

Quaternary - glacials, interglacials, interstadials,
etc. - were primarily defined as climatostrati-
graphical units in the sense outl ined above. In

case they are changed to chronostratigraphical
units, they should preferably be defined by

stratotypes in such a way that the boundaries,
at least in theory, are synchronous levels.

Furthermore, the terms glacials (for instance

the Weichsel Glacial) and interglacials should

only be used either in a cl imatostrat igraphical
or in an informal sense. In formal chrono-

stratigraphical units only the chronostrati-
graphical term (e.g. the Weichsel ian Stage)

should be used, because a chronostrat igraphical
unit  is dcf ined by certain strat igraphical hori-

zons, and climatic aspects such as glaciation

etc., in principle, are not included in the defini-

t ion.
In Norden rnany strat igraphical units have

original ly been defined as cl imatostrat igraphical
in the sense used in this paper. We recommend
that use of climatostratigraphical definitior.rs be
general ly restr icted; chronostrat igrahpical units

should receive preference. We therefore pro-

pose (see Chronostratigraphy) redefinition of

the Late Weichsel ian classif icat ion (Bci l l ing,

Older Dryas etc.),  and of the Holocene Blytt-

Sernander classif icat ion (Preboreal, Boreal etc.),

which by many investigators has been used as a

climatostratigraphical classification, so that all

these units can be considered chronozones.

Chronostratigraphy
'A chronostratigrophic urtit is a body of rock

strata which is unified by representing the rocks

formed during a spccilic interval ol geologic

t ime' (Hedberg ed. 1971b:6). Thus the bound-

aries of chronostrat igraphical units are, in
theory, everywhere of the same age.

The aim of chronostratigraphical classifica-
t ion is the establ ishment of a hierarchical se-
quence of chronostratigraphical units, both of

regional and world-wide scope, which can be

accepted general ly as a standard scale (Hedberg

ed. l97Ib:17). The classification scheme for the

Cenozoic in Norden given in Table 1 wil l  be

discussed in more detail in the following chap-

ters. The units of higher rank, at least erathem,

system and series, are of world-wide applica-

tion, and agreement should be attained through
international commissions. Our comments,

1 1 3
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therefore, are simply arguments for interna-
t ional discourse. Similarly, stages, and part ly
a' lso chronozones, are val id in Europe outside
Norden.

As a vast number of classif icat ions of l i tho-
strat igraphical,  biostrat igraphical,  morphostrat i-
graphical or climatostratigraphical nature have
been applied to the Quaternary, we are of the
opinion that a hierarchical chronostrat igraphi-
cal classif icat ion is indispensable for the unif i-
cation of these many independent systems.

Del ini t ion ol boundaries

Boundaries for chronostrat igraphical units are
usually defined by means of stratotypes. We
suggest that this practice is applied for ur.rits of
stage rank or higher. In the Pleistocene, strato-
types may also be preferred for boundaries of
units of lower rank.

For the Late Weichselian and the Holocene,
however, we propose definition of chronozone-
boundaries direct ly in conventional radiocarbon
years.

The International Subcommission on Strat i-
graphic Classif icat ion (Hedberg ed. 1970b:15)
ascertains that definitions in terms of radio-
metric ages would indeed accord with the con-
cept of chronostratigraphical units. The com-
mission has, however, two major objectior-rs to
such definit ions:

(1) ' .  .  . ,  these age determinations cannot yet be
made with sufficient accuracy or in enough
different kinds of rocks to make i t  practicable
to define many of our currently used chrono-
strat igraphic terms wholly on the basis of ra-
diometrical ly determined t ime-spans in years'.

(2) 'Likewise, the establ ishment now of a new
scheme of chronostrat igraphic units based only
on equal intervals of t ime in mil l ions of years,
as some have proposed, would cause us to lose
much of the value of the chronostratigraphic
work of the past '  (Hedberg ed. 1970b:15).

However, none of these objections have any
real significance for our proposal, for the
fol lowing reasons:

(1) Nearly al l  the Late Weichsel ian and Holo-
cene sediments may direct ly or indirect ly
be dated by the radiocarbon method. Ac-
tual ly, the correlat ions within this t ime-span
are so dependent on radiocarbon datings
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that i f  a sediment cannot be correlated to a
classif icat ion defined in radiocarbon years,
then i t  cannot be correlated to any chrono-
strat igraphical classif icat ion defined by stra-
totypes.

(2) In Norden no chronostrat igraphical classif i-
cation of the Late Weichsel ian and Holo-
cene exists showing satisfactory definit ions
of the respective boundaries. New defini-
t ions  are  there [ore  necessary  in  any  case,
and instead of proposing a new classif ica-
t ion, we propose only precise definit ions of
already well  establ ished terms, leaving the
age of the boundaries as close as possible
to the tradit ion of the last few decades.

Time scales

Absolute ages of Late Weichsel ian and F{olo-
cene sediments can be obtained by several
methods: radiocarbon dating, varve chronolo-
gy, dendrochronology, historical documents,
and others. Basical ly, al l  dates are related to
one of two scales, namely radiocarbon years or
calendar years.

According to international agreements al l
radiocarbon dates are calculated on the basis
of the Libby Cra half- l i fe of 556U (or 5570)
years. The years in which the result ing t ime-
scale is expressed are usually cal led conven-
t ional radiocarbon-years. Also other variables,
such as recent act ivi ty, isotope fract ionation,
etc.,  have been standardized international ly.
For marine shel ls, however, some varying cal-
culat ion-procedures are used (Mangerud 1,972:
'144-146). 

Some years ago (cf. Olsson et al.
1962; Olsson 1968) new measurements of the
half- l i fe indicated that 5730 years is a more
correct value than 5570 years and the new
value was recommended for use (Godwin 1962).
Some conventional radiocarbon ages were
therefore recalculated according to the new
half- l i fe (Ni lsson 1964; Berglund 1966a, b and
others). In view of the results on the long-term
variat ions in the length of the radiocarbon
years (see below), we propose that a separate
correction for the new half- l i fe should no
longer be applied.

The year A.D. 1950 is used in al l  cases as
the reference year (zero-year) for calculat ion
of radiocarbon years. However, many scientists,
in part icular archeologists, recalculate dates to
refer to the birth of Christ.  We f ind this orac-
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t ice i l logical,  as this datc is the zero-year for
the calendar year system. Radiocarbon years,
however, are not calendar years, as may be
demonstratcd by the fact that 4000 radio-
carbon years B.C. are probably equivalent to
almost 5000 calendar-years B.C.

Our knowledge of the relat ionship between
rad iocarbon years  and ca len t la r  vears  has  r rea t -
ly increased during the last few years, , iulrrtu
through correlat ions of dendrochionoloev ani
rad iocarbon da tes  o f  the  t ree- r i r rgs  (Sues;  1970;
Damon et el.  1970; Ralph & Michael 1970).
Convcn l iona l  rad iocarbon years  can be  con-
verted direct ly to dendrochronological vears
(supposed to bc indentical to calendar y.u.r;  Uy
means of a diagram (e.g. Olsson 1972: Fig. 1).
However, the mcasurements do not cover the
whole Holocene, and the results can be further
refir.red.

9 - l loreas 3/74

The generally used subdivision of thc Ccnozoic Erathem into systcms
subdiv is ion in stagcs for  cont inental  NW_Europc is  a lso shown. In th is
i .d icatc recognizable stage bouncl . r ies,  and crosses stagcs rcprescl l ted in
stagos):  S.  T.  Andelscn 1965; Ccpck 1967i  Erd 1970; Goedcke " t  u l .  tX6;
1972; Zagwijn 1960; Zagwijn er al. 197i; Zagwijn 1973.
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and ser ies.  A provis ional
column the horizontal lines

Denmark.  Relercnces ( for
Gr i iger i968;  Menke 1968a,

We propose that only the fol lowing two
timescales be used for the Late Weichsel ian
and the Holocene, and that different zero_vears
be used in each case:

(1) One scale in conventional radiocarbon vears
(Tl/2:5568 years), using 1950 u. r"ro-y.ur.

(2) One scale in calendar years, using the birth
of Christ as zero-year. This scale and refer-
ence year should preferably always be used
for calendar years, whether these are found
by historical documents, corrcct ion of radio-
carbon years, varve chronology or other
methods.

The Cenozoic Erathent

The most common subdivision of the Cenozoic
Erathem is shown in Table 1. The Cenozoic is

Chrono-
strat igraphic

Epoch I o*"
t -

Flandr ian

Quaternary

Menapian
Sevcral stages in
the Netherlands and
North Germany

Tcrt iary

Pl iocenc
N{ioccne
Ol igocene
Eocenc
Palcocenc

Weichsel ian

Ecmian

Saal ian s. l

Holste in ian

Elster ian
' lnterglacia l  I t I '
'Glacia l  B '

' Intcrglacia l  I I ' :
Harreskovian

'Glacia l  A '

Table l
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subdivided into the Tert iary and Quaternary
Systems. The Quaternary is further subdivided
into the Pleistocene Series and the Holocene
Series. This classif icat ion has been proposed by
the International Subcommission on Strat i-
graphic Classif icat ion (Hedberg ed. 1,971b:\9),
and general ly accepted in Norden.

During the last few years, however, several
authors (for instance West 1968:224 225;Fl int
197I:384) have proposed that the terms Ter-
t iary and Quaternary should be discarded as
strat igraphical terms; that the Pleistocene Series
should include al l  post-Pl iocene strata; and
consequently that the Holocene Series should
be discarded. This latter opinion has been sup-
ported in Norden by Hafsten (1969, 1970).
Menke (1972) suggested a subdivision of the
Quaternary into Cenocene (Kdnozdn) and
Pleistocene, without a Holocene. Menke's
(1972) Cenocene would be a natural and useful
unit, but it has not yet received general ap-
proval. In future a subdivision of the Quater-
nary into Cenocene-Pleistocene-Holocene
should be seriously considered.

There are, no doubt, arguments in favour of
the suggested changes. There are, however, also
arguments in favour of the establ ished classif i-
cation (for example Fairbridge 1968:526). Tra-
dition is perhaps the most important argument.
Therefore, we recommend that the classifica-
t ion proposed by the International Subcommis-
sion on Strat igraphic Classif icat ion should be
general ly accepted and used.

The position of the Pleistocene/Holocene
boundary has been very much discussed, and
placed in a dif ferent way in dif ferent countr ies.
In Norden, the boundary has general ly been
put at the Younger Dryas/Preboreal boundary,
which is approximately 10,000 radiocarbon
years B.P. At the congrcss of the International
Union of Quaternary Research (INQUA) in
Paris 1969 (Hageman 1969) this level has also
been proposed to be the global boundary, and
the search for a stratotype continues. At the
meeting of the INQUA Commission for the
study of the Holocene 1971, southern Sweden
was chosen as the type area (cf.  the prel iminary
report by Mcirner ed. 1973), but a good type
section has not yet been found.

The Pleistocene Series

The pre-Weichselian stages. * As climatic
change is a main feature of the Pleistocene,
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subdivisions in Northern Europe have been
based on indications of major cl imatic changes.
Intervals characterized by evidcnce of a pre-
dominantly cold cl imate have been cal led
glacials, and predominantly warm intervals
were termed interglacials. The Pleistocene has
thus been considered a sequence of alternating
glacials and interglacials.

The glacials were characterized by a cold
cl imate and deforestat ion of a wide area. How-
ever, correlation of these glacials with the
Scandinavian ice sheets is not possible in al l
cases, mainly due to incomplete records in
Norden. Continuous sequences are not known
in al l  cases, and their identi f icat ion and del imi-
tation are sometimes problematic.

The interglacials are characterized by evi-
dence of a warm climate and continuous forest
successions. Furthermore, eustat ical ly condi-
tioned marine transgressions have been recog-
nized in several cases. They can be correlated
by means of pol len analysis or other methods,
at least in restr icted areas, and can be arranged
in a stratigraphic sequence.

The glacials contain several geological ly
recognizable smaller units, which have been
called stadials and interstadials. The intergla-
cials and the interstadials are warm phases of
two different orders, and their distinctiveness
is possibly only a matter of duration. In most
cases it has been agreed which units should
have the rank of interglacials and which should
have the rank of interstadials.

A common glacial/ interglacial chronology
has been used to a wide extent in the Nether-
lands, northern Germany and Denmark. Elster,
Saale and Weichsel, the old German names for
glaciations, have been used for glacials, and
names such as Eem and Holstein, original ly
coined for marine deposits, have been adopted
for interglacials. Newly discovercd units have
been named in  var ious  ways .  in  some cases
after the locality first described.

A formal chronostratigraphy for the Pleisto-
cene Series in the Brit ish Isles was establ ished
by Mitchel l  et al.  (1973). The tradit ional names
for glacials and interglacials were used for
stage names. Stratotypes were selected front
various publications, and certain pol len zone
boundaries were used for stage boundaries.

The British Pleistocene chronostratigraphy
cannot be transferred to the continent because
of difficulties in correlation. A chronostrati-
graphic terminology for Norden, which must
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be common to the adjacer.rt  regions of (at least)

northern Germany and the Netherlands, has

not  becn cs tab l i shed.  Hence,  wc  cons ider  i t

desirable that a formal chronostrat igraphy is

worked out for continental northwest Europe.

Such a chronostrat igraphy must be based on

the glacial/ intcrglacial chronology, but i t  wi l l

bc necessary to define stages and stage bound-

arics by means of stratotypes' Somc dif f icult ies

wil l  probably arise due to gaps in the record,

and i t  may be necessary to define local stages

in cases of doubt, but in our opinion an ult i-

mate goal should be a common terminology.

A provisional chronostrat igraphic subdivision

of the Pleistocene in continental northwest

Europe is shown in Table 1.

Deposits from scveral Pleistocene stages are

known in Denmark (Table 1, S. T' Andersen

1965). Deposits from the Eemian have been

recognized in Norway (Mangerud 1970a) and

Sweden (Lundqvist L971; Berglund & Lager-

lund 197,1).

The Wcichsel iutt  Stage. - A proposal for sub-

divisions of the Weichsel ian Stage is sholvn in

Table 3. We propose that the Early Weich-

sel ian/Middle Weichsel ian Substage boundary

is placed at the Early GlacialTPleniglacial

boundary of van der Hammen eI al- (197I),

and that the Middle Weichsel ian/Late Weich-

scl ian Substage boundary is placed at a level

corresponding to 13,000 radiocarbon years B.P'

(see below).
We propose that the stadials and interstadials

formerly recognized within the Weichscl ian

should be redefined as chronozones in a formal

chronostrat igraphy. At present, however, thc

terminology is incomPlete.
Within the Early Weichsel ian Substage the

Amcrsfoort and the Brcirup interstadials are

known from the Nctherlands, and Denmark (S.

T. Andersen et al.  1960; S. T. Andersen 1961;

Zagwijn 1963), Brorup and Odderade from

Germany (Averdick 1967; Menke 1970) and

Brorup probably also from Sweden and Fin-

land (Lundqv is t1967,1971;  Berg lund & Lager -

Lund L974; Korpcla 1969)'  The Amersfoort in-

terstadial was characterized by forest in the

Netherlands and shrub vegetation in Denmark,

and the Brorup and the Odderade interstadials

by forest. During the Brorup interstadial sub-

alct ic forest could evcn have grown in north-

ern Scandinavia.
Within thc Middle Weichsel ian Substage the
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Moershoofd, Hengelo and Denekamp inter-

stadials with intervening stadials were rccog-

nized in the Netherlands and dated at respec-

t ively 50,000, 38,000 and 30,000 B.P' (van der

Hammen et al.  1971). In the Netherlands none

of these warm phases had associated forest.

They wcre preceded and succeeded by intervals

with extremely cold condit ions (polar dcsert).

Al l  these stadials and interstadials may be re-

defined as chronozones in a formal chrono-

stratigraphy.

The Late Weichsel ian Substage. - The Middle

Weichsel ian/Late Weichsel ian Substage bound-

ary is identical to the PleniglacialTlate-glacial
boundary of van der Hammen et al.  (1971)'

This boundary has been dated to about 13,000

B.P.  (van der  Hammen e t  a l .  197 1 ;  Menke

1968b). We propose to accept this date as the

definition of the discussed boundary. The Late

Weichsel ian Substagc therefore wil l  correspond

to the classical Late-glacial in northwestern

Europe. I t  comprises the Oldest Dryas, BOll ing,

Older Dryas, Al lerod and Younger Dryas 'pe-

r iods' (Hartz & Mil thers 1901; Iversen 1942,

1954, 1967, 1973). The term Late-glacial (and

also Post-glacial) should, however, not be usec

for formal strat igraphic units. Van der Ham-

men (1957) placed the lower boundary of the

Boll ing interstadial at the lower boundary of

the Late-glacial.  Recent dating of the Zirphaea

beds in northern Denmark now extends their

age back to nearly 13,000 B.P. (Krog & Tauber,

in press), and i t  seems natural to extend the

Boll ing back to that date in accordance with

the classif icat ion adopted in the Netherlands
(van der Hammen et al. 1971). However, it is

well known that the biostratigraphic 
'birch

zone', named BOll ing by lversen (1942), has a

lower boundary dated to ca. 12,300 B.P' In

Denmark, southern Sweden and southern Nor-

way where the Late Weichsel ian chronology

developed, the old cl imato-biostrat igraphic
zones wil l  correspond to the proposed chrono-

zones. The Boll ing Chronozone thus comprises

the Oldest Dryas and BOll ing periods or pol len

zones Ia and Ib of Iversen (1954), pol len zones

DR1 and BO of Ni lsson (1961) and Brondmyr

Interstadial and preceding pol len zones (I,  I I

and II I)  of Fegri (1940). The Older Dryas

Chronozone comprises the Older Dryas period

or pol len zone Ic of Iversen and DR2 of Ni ls-

son. The Allerod Chronozone comprises the

Allerod period or pol len zone II  of K. Jessen
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Table 2. Radiocarbon dates of Late Weichselian boundaries. On'ly datcs of
studied profiles through limnic-tor-rcstrial sediments have been selected,
iust below or above the discussed boundaries.
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biostiatigraphically thoroughly
The :umplcs refcr  lo levels at ,

tsoundary Age No. Si te Refercncc

Bolling/Older Dryas

Oldel Dryas/Allcrpd

Allcr'6d/Younger Dryas

_Youn 
ge r D rya s/P rcbo real

Ussclo,
Netherlands
Witow, Poland

Bolling, Dcnmalk
Klinchirgklirrct,
Swedcn
Ldsensjirn,
Sweden
Tlummen,
Swcden
BlomOy,
Norway
Ruds Vedby,
Denmark
Bolling, Denmark

Algare mosse,
Sweden
B.jcirkercids
mosse, Swcdcn
Trummen,
Sweden
Briindmyra,
Norway
Blomoy,
Norway
Bolling, Denmark
Gravlev,
Denmark
Algare mossc,
Swedon
Nd.ckrosdammcn,
Sweden
Bjilrkertids
mosse, Swedcn
Agerdds mosse,
Swcdcn
Ranviken,
Swcdcn
Hallarums
mossc, Swcden
SlSttmossen,
Sweden
Trummcn,
Sweden

van der Hammcn 1951
Tauber 1960b
Wasylikowa 1964
Tauber 1962

Stockmarr  unpubl .
Mcirncr 1969

Berglund 1966a,
Engstrand 1967
Hikansson 1970

Mangerud 1970b,
Nydal et al. 1970
Krog 195,1,
Tauber 1964
Tauber 1960a
Stockmarr  unpubl .
Miirner 1969

I3crglund 1971a,
Hr ikansson 1971b
Hikansson 1970

Chanda 1965
Nydal 1960
Mangerud 1970b,
Nydal  et  a l .  1970
Stockmarr unpubl.

Miirner 1969

Bcrglund 1973
Hdkansson in prcp.
Berglund 1971a,
Hikansson 1971b
Nilsson 1964
Ostlund & L,ngstrand 1963
Digerfcldt 1973
Hikansson i969
Berglund 1966a,
Engstrand 1967
Bcrglund 1966a,
Engstrand 1967
Digefieldt 1972
Hdkansson 1970

12,070 r140

12,100-f140

1 1,900:+-1 80
I I ,89011,10
tl,770!215

11,110-+170

i  1 , 7 3 0 1 1 5 0

12,0701180

l o g T ( F t ) o

I 0,970-F300
1 1,090:L 1 30
10,915-f 230

1 1,1 10-r-i I 5

11,060-+100

10,800-F300

10,940-f 180

10,400-f 1 30
9,920-r-1 60

9,915-f 180

10,120-f 100
to )snJ-t ro
10,320t105
10,160:t105
9,920:+-1 50

9,850:+-100

10,1 7itt230
10,00c1170
I 0,1 70:1160
9,700-+150

I 0,360-f 1 05
I 0,230:i-105

K-542

K-708

K-706
K-t9'73
sr-2508

st-1423

Lu-210

'1412

K-l01

K- l10
K-1902
St-2528

Lu-,106

Lu-209

T-152

T424

K-1903
K-1604

st-2165

Lu-738
L:u-'|40
Lu408
Lu-409
sr-805

Lu-121

st-1 337
st-l 336
st-1778
st-1 847
Lu-208
Lu.-20"1

(1935) and AL of Ni lsson, and the Younger
Dryas Chronozone comprises the Younger
Dryas period or pol len zone II I  of Jessen and
DR3 of Ni lsson.

All Late Weichselian chronozone boundaries
seem to be cl imatical ly condit ioned within
southern Scandinavia, since there is a close
correlation between biostratigraphic changes

and deglaciation patterns (cf. Mcirner 1.969 1821'
Tauber 1.970; Mangerud 1970b; Berglund
1.97Ia). As stated above, we propose that the
chronozone boundaries should be defined by
radiocarbon ages. The definitions are based on
dates from non-calcareous lake sediments in
southern Scandinavia - the only area of Nor-
den which was ice-free during the greater part



BOREAS 3(1974) Quaternary stratigraphy ol Norden ll9

Table 3. Provisional chronostratigraphic subdivision of the Weichselian and the Flandrian in continental NW-
L,uropc.

.on',1".,.*," I ot' Subage Chron
Dcf in i t ions of
boundaries in
convcnt ional
radiocarbon
years B.P.

chrono-  . .  I  s , "o .\ t r r t rg rapnrc  |  " Substage Chronozone

Flandr ian

We ie hsel ian

Latc
Flandriar.r

Subatlantic

2500

5000

8000

9000

10,000

11 ,000

I I ,800

12,000

13.000

Middle
Flandr ian

Subboreal

Atlantic

Ear ly
Flandr ian

Borcal

Preboreal

Latc
Wcichscl ian

Younger Dryas

Allerod

Older Dryas

Bolling

Middle
Wcichscliar-r

2
Denekamp
2
I lengclo
?
Moershoofd,)

Early
Wcichsclian

Oddcrade
?
Brorup
2
Amersfoort
2

of the Late Weichselian. However, for the
oldest boundary we must refer to dates from
central Europe. Therefore, southern Scandi-
navia, comprising Denmark, southern Norway
and southern Sweden, will be an informal 'type

area' for the Late Weichselian chronostratig-
raphy.

Compilations of dates of the boundaries have
been given previously by B. G. Andersen (1968:
76-77), Mdrner (1969:175-177), Mangerud
(1970b:  F ig .  11) ,  Berg lund (1966a:113-118,
t971.a:t3) and others. We have cri t ical ly se-
lected dates of l imnic-terrestr ial material re-
lated to the boundaries (Table 2) and these
form the basis for our proposed definit ions of
the boundaries (Table 3) as fol lows: the lower
boundary of the Bolling Chronozone is defined
at 13,000 conventional radiocarbon years B.P.;
the boundary between Bolling and Older Dryas
Chronozones is defined at 12.000 B.P.: the

Older Dryas/Allerod Chronozone boundary at
11,800 B.P.; the Al ler@d/Younger Dryas
Chronozone boundary at 11,000 B.P.; and the
Younger Dryas/Preboreal Chronozone bound-
ary is prel iminari ly defined at 10,000 B.P.

Hyvdrinen (I973:9I) has given a survey of
several radiocarbon dates for Early Holocene
biostratigraphic zone boundaries in eastern Fin-
land. The boundary of t}:'e Artemisia zone and
the birch zone in southeastern Finland probably
corresponds to the Younger Dryas/Preboreal
chronozone boundary and is dated at 10,000 to
10,200 B.P. However, this area is si tuated close
to the Salpausselkd moraines from the Younger
Dryas, and there may be problems with the
correlat ion of this area with southern Sweden.

In our proposal the upper boundary of the
Late Weichsel ian is defined at 10,000 B.P.,
mainly because the Pleistocene/Holocene
boundary will be fixed at that age. However,
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the dates mentioned above indicate that the
general ly used biostrat igraphic boundary bc-
tween the tundra and birch zones is sl ightly
older in southern Scandinavia.

The Holocene Series

The Holocenc has the rank of a series (Tablc
1), and could thus be subdivided into several
stages. During the last few years, however, the
most common practice has been to use the term
Flandrian Stage, with a lower boundary at the
Younger Dryas/Preboreal transit ion. In this
usage the Flandrian Stage is identical to the
Holocene Series, and two names are actual ly
superf luous. Mcirner (1972) argtes that the
Flandrian ( interglacial) should end at the be-
ginning of the next glacial,  whi le the Holocene
should include several interglacials and glacials.
However, strat igraphy is not concerned with
the classif icat ion of future events. Nevertheless.
for convenience, we propose to accept the prcs-
cnt use, with the Holocene and the Flandrian
covering the same period, but having dif ferent
rank (Table 1).

We propose that thc Flandrian be sub-
divided into three substages, Early, Middle,
and Late Flandrian (Table 3). The boundaries
should be at the same level as the boundaries
of the chronozones (see below). The Early
Flandrian Substage includes the Preboreal and
Boreal Chronozones, the Middle Flandrian in-
cludes the Atlantic and Subboreal. and the
Late Flandrian Substage includes only the Sub-
atlantic Chronozone.

The Flandrian Stage. - At present, no general-
ly accepted chronostrat igraphical classif icat ion
of the Flandrian exists in Norden. The most
used classif icat ion is the modif ied Blytt-Ser-
nander scheme in Preboreal, Boreal, Atlantic,
Subboreal and Subatlantic. We therefore pro-
posc that these well-estabtished terms, with
redefined boundaries, be used for formal
chronostrat igraphical units (chronozones). Since
we propose a redefinit ion of the Blytt-Sernan-
der tcrms, wc wil l  br ief ly review the original
de f in i t ions .

The terms were introduced by Axcl Blytt
(1876a, b); he used them, however. exclusivelv
fo r  f lo ra l  e lemet ) ls  o f  lhe  present -day  vegeta-
t ion of Norway (boreal plants, at lantic plants
etc.).  The relat ion to strat igraphy was the fol-
lowing: BIytt  (1876a, b) assumed that thesc
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f loral elements had immigrated during succced-
ing periods, the arct ic plar.rts f i rst,  thc sub-
atlantic latest. In view of thcir present distr i-
bution, he also assumed that the boreal and
subboreal plants had immigratcd durir.rg periods
of continental cl imate. whilc the at lantic ar.rd
subatlantic plants had immigrated during pe-
riods of oceanic cl imate. In Norwegian peat-
bogs he found alternating layers of peat and
stumps, and he related the pcat-bcds to thc
periods of oceanic cl imate and thc stump-beds
to the periods of continental cl imate (BIytt
1882a,  b ) .

In al l  these pioneer-papcrs Blytt  consistently
restr icted the terms boreal, at lantic, etc. to thc
present-day f loral elements of Norway, and
avoided use of the terms for strat igraphic units.
He published a large number of papers durir.rg
the 1880's, but seems to havc maintained this
dist inct ion.

The earl iest we have discovered the terms
used for strat igraphy is in I889 by Scrr.rander
(1899:199), wherc he uscs the cor.rcepts of
Blytt 's 'at lantiska period' and Blytt 's 'subboreal:.

period',  obviously connecting the terms atlantic,
etc. to Blytt 's descript ions of peat-bogs and his
cl imatic interpretat ions. Later Scrnander (1890:
l7) used al l  Blytt 's terms for succeeding pe-
riods, characterized by dif ferent cl imate, st i l l
referr ing to Blytt 's investigations. This practice
was then adopted by Blytt  (1893), who in addi-
t ion used the terms for the dif ferent layers he
had described previously in the peat-bogs: the
subatlantic peat-bed, the subboreal stump-bed,
the at lantic peat-bed, etc. (translated from Blytt
I 8 9 3 : 1 1 ) .

So far, the meaning of the terms had changed
without any real discussion or new definit ions.
A fundamental paper in establ ishing these
terms as strat igraphic unit-terms is that of
Sernander (1894). He stated that phyto-pale-
ontological zones, such as thc aspen-birch-
horizon, cannot be assumcd a priori  to be t ime-
synchronous over large areas, due to the migra-
t ion-t ime of the species (Sernander I89zl:4).
Therefore he examined methods for improvcd
detcrminations of contemporaneity of deposits,
ar.rd concludcd that changcs of sea-lcvcl and
cl imate were the best methods avai lable. Con-
cerning cl imatic changes, he refcrs to Blytt 's
theories, of which he accepted the main de-
script ion of the cl imatic development, though
he rejected (Sernander 1894:70) many of Blytt 's
in te rpre ta t ions  and ideas .
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In the peat-bogs of Gotland, Sernander
(1894) found the same strat igraphy as Blytt
had described from Norway. Thereforc hc
(1894:7f) used Blytt 's terms (subatlantic, sub-
borcal, ctc.) for the dif ferent peat-beds, and
also for the corresponding period. This publ ica-
t ion (Sernander 1894) was later general ly recog-
nized as defining the 'Blytt-Sernander units' ,
which soon after were widely used in Norden.

The term 'preboreal' was first used in a
general way for the time before the boreal
period (e.g. Erdtman 1921; Fegri 1935). Later
'preboreal '  became restr icted to the t ime inter-
val between the Younger Dryas and Boreal
(e.g. Fegri 1940), which has been the common
practice the last decades.

During the last few decades the Blytt-Ser-
nander terms have been used with varying
meaning, and most researchers (e.g. Ni lsson
196I:9) exclude the cl imatic interpretat ions.
Many authors (e.g. Iversen 1967, 1973; Jorgen-
sen 1963;  Hafs ten  19-56,  1960;  Dan ie lsen 1970;
Fries 1951, 1965; Berglund t966a, b; Kcinigsson
1968; Digerfeldt L972; Donner 1963) also use
the terms as synonyms for Jessen's or Ni lsson's
pol len zones, and therefore the boundaries arc
as asynchronous as the pol len-zone boundaries.
One conclusion is indeed certain; at prcsent
no general ly accepted definit ions of the bound-
aries of the Blytt-Sernander units exist.  Never-
theless, the units have mainly been applied as
broadly synchronous zones (Table 4).

Most of the boundaries cited in Table 4 are
based on compilations from both small and
large areas, though the boundaries given by
Nilsson (1964) and Berglund (1966b) are part ly
based on series of dates from a single sediment
or peat core also thoroughly biostratigraphical-
ly studied. Such series of dates, which are im-
portant when dealing with Flandrian radio-
carbon ages, are avai lable from the fol lowing
non-calcareous areas: Kongsmosen, SW Jut-
land, Denmark, 54 dates (Aaby unpublished);
Agerods mossc, Scania, Sweden, 33 dates
(Nilsson 1964; Ostlund & Engstrand 1963);
Ranviken, Scania, Sweden, 25 dates (Digerfeldt
1973; Hikansson 1969); Hallarums mosse,
Blekinge, Sweden, 26 dates (Berglund I966b;
Engstrand 1967; Olsson 1965); Trummen, Smi-
land, Sweden, 30 dates (Digerfeldt 1972; H6-
kansson 1969,1970).

Based mainly on the compilat ions in Table 4
and the mentioned series of dates, we propose
the following definitions (Table 3) of chrono-
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'I'uble 4. The ages of thc BIytt-Sernander zoncs, as
given by some authors in Nordcn during the last
decade. Thc boundaries of Nilsson 19621 and Berglund
1966b are recalculated to conventional radiocarbon
ycar-s. Proposed definit ion of chronozones to the r ight.
From Mangerud (1973: Fig. 5).

zone boundaries, retaining the Blytt-Sernander
terms, and attempting to maintain the essential
chronological meaning attached to them during
the last few decades:
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l -uble 5.  Propo:;ed subdiv is ion of  Flandl ian chtonc-
zones.

(1) The boundary between the Younger Dryas

and Preboreal Chronozones is prel iminari ly de-

f ined at 10,000 radiocarbon years B.P. This

boundary may later be referred to the strato-

type for the Pleistocene/Holocene boundary, i f

this stratotype should be f inal ly accepted ac-

cording to the intention discussed above.
(2) The Preboreal/Boreal Chronozone bound-
ary is defined at 9000 radiocarbon years B.P.
Some dates indicate a shorter Preboreal, an
alternative age for the boundary being 9500
B.P. However, for the majority of the area the
proposed age is more relevant.
(3) The boundary between the Boreal and
Atlantic Chronozones is defined at 8000 radio-
carbon years B.P.
(4) The Atlantic/Subboreal Chronozone bound-
ary is defined at 5000 radiocarbon years B.P.
According to Olsson (1912: Fig. 1) this corre-
sponds to 3600-4000 dendrochronological (cal-

endar) years B.C.
(5) The Subboreal/Subatlantic Chronozone
boundary is defined at 2500 radiocarbon years
B.P. According to Olsson (1.972) this corre-
sponds to 600-800 dendrochronological (cal-
endar) years B.C. According to these definit ions
the duration of the Subboreal Chronozone is
2500 radiocarbon years. This is, however, a
period of ' long' radiocarbon years, and 2500
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radiocarbon years will probably corresportd to
approximately 3000 calendar years.

To avoid confusion with previous usage the
combined terms, e.g. Preboreal Chronozone
should be used when referr ing to the present
definit ions.

Subdivision of the chronozo,tes. - With present-
day precision of Holocene strat igraphy, there
wil l  no doubt be a need for a subdivision of
the chronozones. Probably i t  wi l l  be most con-
venient to define units of that rank locally.
There is, however, also a need for a stan-
dardized subdivision, during, for instance, the
planned registration of palaeobotanical data.
Therefore we propose the subdivision shown in
Table 5. We emphasize that the definit ions of
these units have no real geological basis, they
are just subdivisions into reasonable t ime-units,
possibly with the rank of Subchronozones.
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Ertglislt Norv,egian
ch rono st  rat igraphy kronostrat igraf i

L'irtri slt
k  lonost  rat igraf ia
erathcmi
systeeml
sarja
vaihe
aiavaihe
kronor.ycihyko
geokronologia
mrai lmankausi
per iodi
epookki
l K a

alaikii
cpisodi
Kenotsooinen
Kvartliii l i
P lc i  s tosccni
[ Io losccn i
Elstcr
Holste in
Dcimnitz
Riigen
Saale
Ecm
Weichscl
Flandcl i
Varhais-W./F.
KcskrW./F.
Mytrhi i isW./F.
Amclsfoort
Brorup
Oddcrade
Mocrshoofd
Hengclo
Denckamp
Bol l ing
Vanhcmpi Dryas
Al lcrod
Nuolempi Dryas
Prebo rcaal  ikausi
Borcaal ikausi
At lant t inen kausi
Subborcaal ik  au s i
Subat lant t incn kausi

crathem
systcm
scr ics
stago
substage
chronozone
geochronology
e f a

pcr iod
cpoch
age
subagc
chron
Ce nozoic
Quatcrnaly
Plc istocenc
Holocenc
.Elstcr ian
Holstc in ian
Dcimni tz ian
Riigerian
Saal  ian
Ecmian
Wcichscl ian
Flandr ian
E,ar'ly W./F.
Middle W./F.
Latc W./F.
Amersfoort
Brorup
Oddcradc
Mocrshoofd
Hcngelo
Denekamp
Bol l ing
Older Dryas
Allcrod
Youngcr Dryas
Prcborea I
Bolcal
At lant ic
Subboreal
Subat lant ic

crathem
system
scne
ctasJe
subctasje
kronosortc
geokronolcgi
ir)ra
pcr iode
cpoke
aldcr
subalder
cpisode
Kenozoikum
Kvart:cr
Ple istoccn
I{olocen
Elstcr
Holste in
Dcimni tz
Rilgen
Saale
Eem
Wcichsel
Flandern
Tidl ig W./F.
Mcllom-
Scn
Amersfoort
Brprup
Odderadc
Moershoofd
IJengclo
Denekamp
Br-tlling
Eldrc Dryas
Al lerOd
Yngrc Dryas
Preborcal
Borcal
At lant ikum
Subboreal
Subat lant ikum

Sv'edislt
k lonost rat igra{i
erathcm
system
scrie
ctagc
subctage
kronozon
geokronologi
e f a

pcriod
cpok
ir ldcr
subi lder
cpisod
Kenozoikum
I(r'artiir
Ple istoccn
Holoccr.r
Elstcr
Holste in
Domnitz
Riigen
Saalo
Eem
Weichsel
Flandcrn
Tidie W./F.
Mcl lan
Sen
Amcrsfoort
Blorup
Odderade
Mocrshoofd
Hengelo
Denckamp
Bol l ing
Aldre Dryas
Allerod
Yngrc Dryas
Pleboreal
Iloreal
At lant ikum
Subboreal
Subat lant ikum

Danislt
k rono st rat i grafi
erathcm
system
serie
etage
subetagc
kronozone
gcokronologi
zc ra
periodc
epoke
alder
subaldcr
episode
Klenozoikum
Kvartar
Plcistoccn
Holocan
Elstcr
Holste in
Dtimnitz
Riigcn
Saale
Eem
Weichsel
Flandcrn
Tidl ig W./F.
Mel lcm
Scn
Amelsfoort
Brorup
Odderadc
Moershoofd
Hcngelo
Denekrmp
tsol l ing
,€ldrc Dryas
Al lc lod
Yngle Draas
Praboreal
Boreal
At lant ikum
Subboreal
Subat lant ikum


