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LETTER TO THE EDITOR

Defining the Boundaries of the Late-Glacial Isotope Episodes

Deciphering the details of the climatic
record for the interval 15,000 to 9000 C yr
B.P. has assumed great importance in the
quest to understand glacial cycles (Bro-
ecker and Denton, 1989). The reason is that
evidence for abrupt changes has emerged.
In the northern Atlantic basin, two abrupt
warmings (one at about 12,700 and the
other at about 10,000 *C yr B.P.) and one
abrupt cooling (at about 10,800 '*C yr B.P.)
are recorded in the oxygen isotope and dust
record from Greenland ice (Dansgaard and
Oeschger, 1989), in the oxygen isotope and
foraminifera record from northern Atlantic
sediment (Ruddiman and MclIntyre, 1981;
Duplessy et al., 1981; Bard et al., 1987,
Broecker et al., 1988), and in the oxygen
isotope (Siegenthaler et al., 1984), beetle
(Atkinson et al., 1987), and pollen (Welten,
1982; Ammann and Lotter, 1989) records
from European lakes and bogs. The second
of these warmings has recently been found
in the hydrogen isotope record for Euro-
pean pine trees (Becker et al., 1991). Fair-
banks (1989) has accumulated evidence
from Barbados corals for abrupt rises in sea
level several hundred years after each of
these two warmings. While the strongest
imprints of these changes are found in
records from the northern Atlantic basin,
evidence for lesser impacts appears in
records from distant points on the planet
(Lorius et al., 1979; Chinzei et al., 1987;
Keigwin and Jones, 1990; Kudrass et al.,
1991). The task of the next decade or so will
be to establish detailed records for this time
interval at many places on the globe.

The point of this note is to suggest a rem-
edy for what I consider to be a confusing
situation with regard to nomenclature ap-
plied to one part of this time interval, i.e.,
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that between the first of the northern Atlan-
tic basin’s abrupt warmings (i.e., at ca.
12,700 'C yr ago) and the cooling event
marking the onset of the Younger Dryas
event (ca. 10,800 *C yr B.P.). For histori-
cal palynological reasons (Hartz, 1902;
Iversen, 1942, 1954; Firbas, 1949, 1952;
Van der Hammen, 1951), this interval com-
monly has been divided into three subinter-
vals: the Bglling (warm), the Older Dryas
(cold), and the Allergd (warm). However,
evidence for the Older Dryas is absent (or
not identified) in most records, leaving only
a single warm episode (the Bglling and Al-
lergd). A pollen record from Swiss Lake
Rotsee reveals a transition from birch (dur-
ing Bglling) to pine (during Allergd), while
the oxygen isotope record shows no clear
break separating these two warm episodes
(Fig. D).

In accord with earlier suggestions by
Pennington and Bonny (1970), Birks (1973,
p. 382-384), Pennington (1977), Coope and
Pennington (1977), Gray and Lowe (1977),
and Berglund (1979), I propose that in iso-
tope records this interval be treated as a
single entity, the Bglling-Allergd (BOA),
and that the boundaries marking the onset
and ending of the BOA interval be defined
by the midpoints of the stable isotope (ox-
ygen or deuterium) shifts marking the
abrupt warming at about 12,700 “C yr B.P.
and the abrupt cooling at about 10,800 '“C
yr B.P. (Fig. 1). Similarly, 1 would define
the Younger Dryas (YD) interval as extend-
ing from the midpoint of the stable isotope
cooling that marks its onset to the midpoint
of the isotope warming that marks its ter-
mination. I opt for the isotopic record be-
cause isotopes constitute the only signal
common to the Greenland ice core, north-

0033-5894/92 $5.00
Copyright © 1992 by the University of Washington.
All rights of reproduction in any form reserved.

https://doi.org/10.1016/0033-5894(92)90036-I Published online by Cambridge University Press


https://doi.org/10.1016/0033-5894(92)90036-I

136

LETTER TO THE EDITOR

s %1 o
RN o

AT AL

<o
g
10:::

£| POLLEN DiAGRAM | OxveEN | RADIOCARBON STRATIGRAPHY ]
S| o omow e o senus ISOTOPES
S it """".9.., */oe PDB CONVENTIONAL RADIOCARBON YEARS BP.
0% 1211-109 8 7 10,000 11,000 12,000 13.000 14,000
| °Q .-: : ¥ i l ' T ] T
B tGIEER: h '
RINEE I
A
3 n\u , -_. f- "
D)
F « = v
{3 \3.§§ §
r’ q ¢ » .
3 " « <A -
75 o ™ 3 x - |
ju’ ‘\v\
; 2 =7, (E . !
e a———— VARVE O (LST)

fe—— BOA ———>t<«— YD —

A o L

1 1 ] 1

FiG. 1. Radiocarbon-dated (by AMS on terrestrial macrofossils) sediment record for Rotsee near
Lucerne, Switzerland (Lotter, 1991). Added to this diagram are the boundaries proposed for the
Bglling-Allergd (BOA) and Younger Dryas (YD) intervals. Note that the Laacher See Tephra (LST)
is located in the upper portion of the Bglling-Allergd zone. The vertical lines at 10,000 and 12,800 yr
show the location of the radiocarbon age plateau.

ern Atlantic sediment, and European lake
records, and because the isotope signal is
likely to have been synchronous over the
northern Atlantic basin. While several re-
viewers of this paper suggested that the
beginning or end of the isotope change
be used rather than the midpoint, I feel
strongly that less ambiguity will arise in the
identification of the midpoints than the end-
points. I hasten to admit that the assump-
tion of synchronous isotopic shifts across
the northern Atlantic basin has not been
proven. However, the rapidity of these
transitions (several decades), the similarity
in the shapes of the Greenland Dye 3 and
Gerzensee, Switzerland oxygen isotopic
records, and the similarity in the radiocar-
bon dates for the faunal and floral equiva-

lents to these transitions certainly suggest
regional synchrony.

A combination of fossil evidence and ra-
diocarbon dating will serve as a means of
extending these boundaries to deposits in
the northern Atlantic basic for which stable
isotope records are not available. How-
ever, both the abrupt warming at about
12,700 yr B.P. and that at about 10,000 yr
B.P. unfortunately occur during radiocar-
bon age plateau (Fig. 1), making radiocar-
bon-based correlations somewhat ambigu-
ous.

The divergence between the 2*°Th and
14C age scales found for Barbados coral
(Bard et al., 1990) provides a strong incen-
tive to tighten up the definition of these
boundaries. Several groups are currently
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attempting to make accurate counts of an-
nual layers in lake sediments covering the
period of deglaciation (Pazdur ef al., 1987,
Zolitschka, 1989; Lotter, 1991). These
groups are also obtaining radiocarbon ages
for terrestrial macrofossils contained in the
sediment. Similar checks may be possible
from radiocarbon dating (of CO,) and cou-
plet counting in the new Greenland ice
cores (GISP II and GRIP). These studies
will be more meaningful if the annual layer
counts can be referenced to one or more of
the boundaries defined here. Rumor has it
that an acidity peak equivalent to the
Laacher See Tephra (**C age ca. 11,000 yr
B.P.) has been found by the Danes in the
Greenland ice cores (Sigfuss Johnson, per-
sonal communication, 1990). If this corre-
lation is verified, then the L.ST horizon will
prove ideal as the zero year reference in
annual layer counting.

Finally following Watson and Wright
(1980) and Birks (1982), I suggest that use
of chronozones for this interval (Mangerud
et al., 1974) be eliminated. While at the time
of their introduction they served a useful
purpose, currently they add more confu-
sion than light.

In making these suggestions, I realize
that I am treading on ground considered sa-
cred by many stratigraphers. Fortunately, I
have not proposed new terminology nor
have I designated new boundaries. Rather,
1 am proposing that we formalize defini-
tions most people have already been using.

REFERENCES

Ammann, B., and Lotter, A. F. (1989). Late-Glacial
radiocarbon- and palynostratigraphy on the Swiss
Plateau. Boreas 18, 109-126.

Atkinson, T. C., Briffa, K. R., and Coope, G. R.
(1987). Seasonal temperatures in Britain during the
past 22,000 years, reconstructed using beetle re-
mains. Nature 325, 587-591.

Bard, E., Arnold,M., Maurice, P., Duprat, J., Moyes,
J., and Duplessy, J.-C. (1987). Retreat velocity of
the North Atlantic polar front during the last degla-
ciation determined by C accelerator mass spec-
trometry. Nature 328, 791-794.

Bard, E., Hamelin, B., Fairbanks, R. G., and Zindler,

137

A. (1990). Calibration of the “C timescale over the
past 30,000 years using mass spectrometric U-Th
ages from Barbados corals. Nature 345, 405-409.

Becker, B., Kromer, B., and Trimborn, P. (1991). A
stable-isotope iree-ring timescale of the Late Gla-
cial/Holocene boundary. Nature 353, 647-649.

Berglund, B. E. (1979). The deglaciation of Southern
Sweden 13,500-10,000 B.P., Boreas 8, 89-118.

Birks, H. J. B. (1973). ‘‘Past and Present Vegetation
of the Isle of Skye.”” Cambridge University Press,
London.

Birks, H. J. B. (1982). Flandrian (Holocene) chrono-
stratigraphy of the British Isles: a review. Strige 16,
99-103.

Broecker, W. S., Andree, M., Wolfli, W., Oeschger,
H., Bonani, G., Kennett, J., and Peteet, D. (1988).
The chronology of the last deglaciation: Implica-
tions to the cause of the Younger Dryas event. Pa-
leoceanography 3, 1-19.

Broecker, W. 8., and Denton, G. H. (1989). The role
of ocean-atmosphere reorganizations in glacial cy-
cles. Geochimica et Cosmochimica Acta 53, 2465—
2501,

Chinzei, K., Fujioka, K., Kitazato, H., Koizumi, I.,
Oba, T., Oda, M., Okada, H., Sakai, T., and Tan-
imura, Y. (1987). Postglacial environmental change
of the Pacific Ocean off the coasts of central Japan.
Marine Micropaleontology 11, 273-291,

Coope, G. R., and Pennington, W. (1977). The Wind-
emere Interstadial of the Late Devensian. Philo-
sophical Transactions of the Royal Society of Lon-
don B 280, 337-339.

Dansgaard, W., and Oeschger, H. (1989). Past Envi-
ronmental long-term records from the Arctic, In
““The Environmental Record in Glaciers and Ice
Sheets’’ (H. Oeschger and C. C. Langway, JIr.,
Eds.), pp. 287-318. Wiley, New York.

Duplessy, J. C., Delibrias, G., Turon, J. L., Pyjol, C.,
and Duprat, J. (1981). Deglacial warming of the
northeastern Atlantic Ocean: Correlation with the
paleoclimatic evolution of the European continent.
Palaeoceanography, Palaeoclimatology, Palaeo-
ecology 35, 121-144,

Fairbanks, R. G. (1989). A 17,000-year glacio-eustatic
sea level record: Influence of glacial melting rates on
the Younger Dryas event and deep-ocean circula-
tion. Nature 342, 637-642.

Firbas, F. (1949). Spit und Nacheiszeitliche Waldge-
schichte Mitteleuropes nérdlich der Alpen: Allge-
meine Waldgeschichte. Jena Review 1.

Firbas, F. (1952). Spit und Nacheiszeitliche Waldge-
schichte Mitteleuropes nordlich der Alpen: Wald-
geschichte der einzelen landschaften. Jena Re-
view 2.

Gray, J. M., and Lowe, J. J. (1977). *‘Studies in the
Scottish Lateglacial Environment.”’ Pergamon
Press, New York.

Hartz, N. (1902). Bidrag til Danmarks senglaciale

https://doi.org/10.1016/0033-5894(92)90036-I Published online by Cambridge University Press


https://doi.org/10.1016/0033-5894(92)90036-I

138

flora. Danmarks Geologiske Undersggelse 11
Raekke 11.

Iversen, J. (1942). En pollenanalytisk tidsfaestelse af
ferskvandlagene ved ndrre lyngby. Meddeleser
Dansk Geologiska Foreningens 10, 130-151,

Iversen, J. (1954). The late-glacial flora of Denmark
and its relation to climate and soil, Geological Sur-
vey of Denmark, Series II 80.

Keigwin, L. D., and Jones, G. A. (1990). Deglacial cli-
matic oscillations in the Gulf of California. Paleo-
ceanography 5, 1009-1023.

Kudrass, H. R., Erlenkeuser, H., Vollbrecht, R., and
Weiss, W. (1991). Global nature of the Younger
Dryas cooling event inferred from oxygen isotope
data from Sulu Sea cores. Nature 349, 406-409.

Lorius, C., Merlivat, L., Jouzel, J., and Pourchet, M.
(1979). A 30,000-year isotope climatic record from
Antarctic ice. Nature 280, 644—648.

Lotter, A. F. (1991). Absolute dating of the late-glacial
period in Switzerland using annually laminated sed-
iments. Quaternary Research 35, 321-330.

Mangerud, J., Andersen, S. T., Berglund, B. E., and
Donner, J. J. (1974), Quaternary stratigraphy of
Norden, a proposal for terminology and classifica-
tion. Boreas 3, 109-128.

Pazdur, M. F., Awsiuk, R., Goslar, T., Pazdur, A.,
Walanus, A., Wicik, B., Wieckowski, K. (1987).
Calibrated radiocarbon chronology of annually lam-
inated sediments from the Gosciaz Lake. Geochro-
nometria 4, 69-83.

Pennington, W. (1977). The late Devensian flora and
vegetation of Britain. Philosophical Transactions of
the Royal Society of London B 280, 247-271.

LETTER TO THE EDITOR

Pennington, W., and Bonny, A. P. (1970). Absolute
pollen diagram from the British late glacial. Nature
226, 871-873.

Ruddiman, W. F., and Mclntyre, A. (1981). The
North Atlantic Ocean during the last deglaciation.
Palaeogeography, Palaeoclimatology, Paleoecol-
ogy 35, 145-214.

Siegenthaler, U., Eicher, U., and Oeschger, H. (1984).
Lake sediments as continental 830 records from
the glacial/post-glacial transition. Annals of Glaciol-
ogy 5, 149-152.

Van der Hammen, Th. (1951). Late glacial flora and
periglacial phenomena in the Netherlands. Leidse
geologische Mededelingen 17, T1-184.

Watson, R. A., and Wright, H. E. (1980). The end of
the Pleistocene: A general critique of chronostrati-
graphic classification. Boreas 9, 153-163.

Welten, M. (1982). Vegetationsgesschichtliche Unter-
suchungen in den westlichen Schweizer Alpen:
Bern-Wallis. Denkschriften Schweizerische Natur-
forschende Gesellschaft 95, 1-104.

Zolitschka, B. (1989). Jahreszeitlich geschichtete
Seesedimente aus dem Holzmaar und dem Meer-
felder Maar. Zeitschrift deutsche geologische Ge-
sellschaft 140, 25-33.

WALLACE S. BROECKER
Lamont-Doherty Geological Observatory
of Columbia University

Palisades, New York 10964

https://doi.org/10.1016/0033-5894(92)90036-I Published online by Cambridge University Press


https://doi.org/10.1016/0033-5894(92)90036-I

