
HAL Id: hal-03334960
https://hal.science/hal-03334960v1

Submitted on 5 Sep 2021

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Researchers look for links among paleoclimate events
Anne de Vernal, Claude Hillaire-Marcel, Uli von Grafenstein, Donny Barber

To cite this version:
Anne de Vernal, Claude Hillaire-Marcel, Uli von Grafenstein, Donny Barber. Researchers look for links
among paleoclimate events. Eos, Transactions American Geophysical Union, 1997, 78 (24), pp.247-249.
⟨10.1029/97EO00166⟩. ⟨hal-03334960⟩

https://hal.science/hal-03334960v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


Eos, Vol. 78, No. 24, June 17, 1997 

Unbalanced Budget 

The discovery that the ocean is a signifi­
cant sink for methyl bromide highlights a 
huge deficit in our knowledge about sources. 
As it turns out, estimated sinks for methyl bro­
mide outweigh known global sources by 
about 70 Gg per year (see Table 1). With aver­
age methyl bromide concentrations of 10 ppt 
(parts per trillion) in the global atmosphere, 
increased removal in the ocean must be off­
set by unidentified sources, which could ex­
ceed the presently known industrial 
emissions. 

"The problem is that we keep finding 
sinks," said Butler, who believes that "the 
most likely solution to the deficit [in methyl 
bromide sources] is a missing natural terres­
trial source." 

"We're not sure what's producing it," said 
King. Researchers have measured methyl bro­
mide production by certain marine organ­

isms, including kelp and phytoplankton spe­
cies. But attempts to extrapolate these num­
bers globally come up short. "All of the 
studies are looking at one set of species 
rather than at the whole ocean, and they are 
working from cultures, which are very differ­
ent from the open ocean," King said. 

By emitting methyl bromide into the air, 
Butler suggests, humans have shifted the 
global balance so that there is more degrada­
tion in the ocean. "If we stopped emitting 
methyl bromide, the industrial contribution 
would probably be gone from the atmos­
phere within 5 years," he said, noting that this 
chemical is not as persistent as CFCs are. 

Butler believes that "policymakers need 
to make an informed decision about restrict­
ing emissions. In order to do that, we need to 
find and quantify the missing puzzle pieces: 
production and consumption in the ocean, 
missing methyl bromide sources, and new ter­
restrial sinks. 

As knowledge increases, the human con­
tribution may turn out to be a big piece—or a 
relatively small one—compared to other 
global sources such as forests, soils, and 
coastal upwellings. Regulators remain 
guarded. "If we're coming to understand the 
natural system, including production and 
consumption, we still have to look at anthro­
pogenic contributions to stratospheric ozone 
depletion, since bromine is so active in the 
stratosphere," said Thomas. Until the puzzle 
is solved, our understanding of this and other 
global cycles is so fragmentary that we can­
not determine whether our contribution puts 
the Earth's protective shield in jeopardy. But 
we do know that "lowly" marine bacteria are 
probably our allies, quietly consuming a com­
pound that at certain levels, can break down 
the atmospheric shield protecting life on the 
planet from ultraviolet radiation.—Elaine 
Friebele 

Researchers Look for Links Among 
Paleoclimate Events 
PAGES 247, 249 

Several peculiar features appear in cli­
mate-related records at about 8000 years BP 
and are occasionally referred to as the 8-ka 
events. For example, paleolake data from in­
tertropical Africa show a drop in water levels 
[e.g., Gasse and Van Campo, 1994], and the 
Antarctic Byrd ice-core record reveals a de­
crease in atmospheric CO2 of about 40 ppm 
[Neftel et al., 1988]. Similarly, detailed paleo-
ceanographic studies in the northwest North 
Atlantic reveal a decrease in primary produc­
tivity and burial rates of biogenic carbonates 
at precisely 8000 years BP [Hillaire-Marcel et 
al., 1994], and the oxygen and deuterium val­
ues in Greenland ice show at least one sharp 
and short-lived decrease [Johnsen etai, 
1992]. 

In eastern Canada (Figure 1), this time in­
terval is of particular interest since it post­
dates a short-lived advance and retreat of ice 
from the Labrador dome and coincides with 
the final collapse of the Hudson Bay ice 
dome and the sudden drainage of the pro-
glacial lakes Ojibway and Agassiz. Based on 
the idea that the global climate system— 
when forced by a single event—could pro­
duce non simultaneous climate signals, it 
was tempting to link the dramatic Laurentide 
ice decay and glacial lake drainage with the 
8-ka BP climate changes. The cause could be 
a direct oceanographic effect or a reorganiza­
tion of atmospheric circulation patterns. 

To examine the origin and impact of 
these "8-ka events" and the possibility of er­
rors or bias in geological ages during the in­
terval, an informal workshop was held at 

GEOTOP in Montreal, as a side contribution 
to the Climate System History and Dynamics 
(CSHD) project. Prior to discussion, the par­
ticipants set up a synopsis of the so-called 8-
ka events outlined above. Evidence was 
given for an 8-ka climatic event in a high-reso­
lution paleolimnic record from Germany, 
matching a drop in the 1 8 0 record of the 
Greenland Icecore Project (GRIP). Various 

proxy records of environmental changes in 
the High Canadian Arctic coasts were exam­
ined, as well as those from small Arctic Island 
ice caps. The rapidly changing ice configura­
tions in Hudson Strait and their influence on 
the Labrador shelf and slope were also ad­
dressed. Changes in oceanographic condi­
tions were illustrated in the Labrador Sea and 
the eastern North Atlantic. Finally, floral, fau-
nal, and isotopic evidence was presented for 
contemporaneous terrestrial conditions 
southeast of the southeastern Laurentide Ice 
margin. 
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Fig. 1. Late glacial paleogeography in northeastern North America /"Dyke and Prest, 1989] at 
8400 years BP (left) and ~ 7900 years BP (right). Within a few hundred years, the Cochrane 
surged into Lake Ojibway and the Hudson Bay ice dome finally collapsed. The latter was accom­
panied by the northward drainage of~ 1.2 x 10s km3 of fresh water from the southern glacial 
Lakes Agassiz and Ojibway, which occurred at precisely 8-7.9 ka BP, as measured with the 
l4C-dating method. The collapse of the ice sheet and the opening of the Hudson Bay corridor was 
likely responsible for major reorganizations of atmospheric circulation; this in turn may have in­
fluenced nutrient supply in the northwestern North Atlantic. 
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The comparison of records and the criti­
cal examination of the chronologies, most of 
which were based on the 1 4 C dating method, 
led to the conclusion that there are likely in­
dependent, nonsynchronous changes of dif­
ferent magnitude and duration. In examining 
the ice-core and lake isotope event, we find 
that the paleolimnic record from Europe and 
the 1 8 0 data from ice caps from both the 
Greenland and Agassiz ice caps show a cor­
relative short-lived negative oscillation of 1-
1.5% spanning less than 200 years centered 
on 8200 calendar years before present (that 
is, 7400 1 4 C years BP). 

Rapid Changes Related to Ice 
Dynamics in Eastern Canada 

The onshore to offshore eastern Canadian 
records reveal a succession of major events 
occurring from ~ 8600 to ~ 7500 1 4 C years. 
These changes thus pre-date the above ice-
core and lake isotope event, forcing us to re­
ject a simple causal link between them, if 
there is indeed any link. Based on 1 4 C ages, 
the succession of changes in ice dynamics in 
eastern Canada was pieced together. 
Throughout the Canadian Arctic Archipelago 
the occurrence of whale bones decreases 
from 8500 to 8000 years BP, and driftwood 
deposition begins at this time; this pattern re­
flects the onset of major Arctic sea-ice deliv­
ery to the High Arctic Canadian Islands. In 
the Hudson Strait, ice occupying the Eastern 
Basin of the Hudson Strait collapsed back 
into Ungava Bay at 8600-8400 years BP. 

Following the deglaciation of the eastern 
Hudson Strait, the Hudson Bay Ice Dome surged 
into glacial Lake Ojibway in two phases. These 
were the Cochrane surges [Hardy, 1977], 
which moved the ice front possibly as much 
as 1500 km southward between 8300 and 
8000 years BP. As a consequence, the Hud­
son Bay Ice Dome collapsed rapidly, and at 
precisely 8000-7900 years BP, Lakes Ojibway 
and Agassiz drained northward through Hud­
son Strait, allowing marine water to enter the 
bay. The Ojibway drainage event was recorded 
by traceable sediment units in the southeast 
Hudson Bay area [Hardy, 1977] as well as 
throughout Hudson Strait [Kerwin, 1996]. 

The eastern Hudson Strait ice collapse left 
behind an accumulation of detrital carbon­
ates overlain by ice-rafted debris both on the 
shelf and on the continental rise. There, the 
sedimentological signature of the sequence 
dated between 8500 and 7500 years BP mim­
ics that of most "Heinrich" layers in the Labra­
dor Sea, which appear as sets of detrital 
carbonate and ice-rafted debris layers. De­
spite the distinct sedimentology of the event, 
changes in the offshore salinity and tempera­
ture are not recorded in the isotopic composi­
tion of benthic and planktonic foraminifera, 
nor are they present in the reconstruction of 

sea surface conditions based on dinocyst 
transfer functions. Nevertheless, by 8000 
years BP, a significant decrease in marine 
productivity in the northwest North Atlantic 
is recorded by a 1 3C-depletion in planktonic 
foraminifers and by a drop in microfossil 
fluxes and organic and inorganic carbon bur­
ial rates. 

In southeastern Quebec (Gaspe Penin­
sula), there are no changes in faunal assem­
blages that suggest climate deterioration 
precisely at the target time, but there is a sud­
den decrease in pollen influx at -8000 years 
BP in two ecotonal, subalpine lakes. Asyn­
chronous major pollen influx decrease is 
also recorded in two coastal lakes of New 
England. At the same time, the isotopic com­
position of aquatic cellulose in Lac a Euloge 
sharply decreased. Together the faunal, pol­
len influx, and isotopic data suggest a 
change in the hydrological budget that likely 
resulted from altered atmospheric circula­
tion patterns. 

In spite of chronological uncertainties in­
herent to 1 4 C dating of marine fossils, the tim­
ing of the changes in ice dynamics in eastern 
Canada, spanning close to 1000 years, seems 
consistent on a regional scale. Although 
large changes in the northeastern Canadian 
ice configurations are clearly recorded, there 
is no indication of major variations in sea-sur­
face and air temperatures. Actually, condi­
tions as warm as present may have prevailed 
over eastern Canada at 8000 years BP. 

There are two difficulties in attempting to 
relate the ice core and lake isotope event to 
changes in ice dynamics in eastern Canada. 
First, any short-lived, moderate amplitude cli­
mate oscillation (that would be associated 
with the isotopic shift recorded in the ice 
core) is unlikely to be detected in most ma­
rine records due to smoothing by bioturba-
tions. Second, the time lag of at least 600 1 4 C 
years between the two events is too long to 
support any cause-effect relationship. 

The identification of the two distinct sets 
of 8-ka events leaves the door open to several 
questions that the informal working group 
plans to address next: Can we identify a 
causal link for the climate oscillation de­
scribed in Greenland and Europe at 7400 1 4 C 
years BP (Event A)? And, was there a change 
in North Atlantic air and sea temperatures 
that resulted from the major changes in Cana­
dian ice configurations at precisely 8000-
7900 1 4 C years BP? 

Another missing piece of information is 
the real atmosphere-sea surface 1 4 C gradient 
around 8000 l 4 C years BP in the North Atlan­
tic. What triggered the observed decrease in 
marine productivity at -8000 1 4 C years BP? 
Could it be associated with minor physical 
oceanographic changes, and/or with de­
creased eolian supply of nutrients that could 
have resulted from atmospheric circulation 

reorganization? There may be a causal link— 
yet to be identified—between the ice dy­
namic events associated with the Laurentide 
Ice decay and the long-term hydrometeorologi-
cal changes of lower latitudes reflected in inter­
tropical lake levels or in the CH^decrease 
[Blunter etai, 1995] for example. 

At least, the participants of the Montreal 
meeting agreed on one conclusion: future at­
tempts to compare the climate response to 
specific events in high-resolution records 
from ice, oceanic, and continental archives, 
as was done during the 8-ka event workshop, 
should coincide with major land- or marine-
based international programs such as the po­
lar-equator-polar continental paleoclimate 
programs (PEP I, II, III) or the international 
marine projects such as IMAGES (Interna­
tional Marine Global Change Study). 

The site of this scientific forum will be the 
GEOTOP web page (http://www.unites. 
uqam.ca/geotop/ wwwgeotop.html). Those 
who are willing to contribute are invited to 
communicate through this channel.—Anne 
de Vernal and Claude Hillaire-Marcel, 
GEOTOP, Universite du Quebec a Montreal, 
Canada; Uli von Grafenstein, Laboratoire de 
Modelisation du Climatetde VEnvironne-
ment, LMCE, Saclay, France; andDonny 
Barber, INSTAAR (Institute of Arctic and 
Alpine Research), University of Colorado, 
Boulder 
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