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Rapid Rise of Sea Level 19,000 Years
Ago and Its Global Implications
Peter U. Clark,1* A. Marshall McCabe,3 Alan C. Mix,2

Andrew J. Weaver4

Evidence from the Irish Sea basin supports the existence of an abrupt rise in sea
level (meltwater pulse) at 19,000 years before the present (B.P.). Climate records
indicate a large reduction in the strength of North Atlantic Deep Water formation
and attendant cooling of the North Atlantic at this time, indicating a source of the
meltwater pulse from one or more Northern Hemisphere ice sheets. Warming of
the tropical Atlantic and Pacific oceans and the Southern Hemisphere also began
at 19,000 years B.P. These responses identify mechanisms responsible for the
propagation of deglacial climate signals to the Southern Hemisphere and tropics
while maintaining a cold climate in the Northern Hemisphere.

Records of sea level change derived from sed-
iment cores from the Bonaparte Gulf, Australia,
indicate that the Last Glacial Maximum (LGM)
lowstand was abruptly terminated by a rapid
sea level rise of 10 to 15 m at 19,000 years B.P.
(1) (Fig. 1). (Unless otherwise indicated, all
ages are reported in calendar years.) This
19,000-year meltwater pulse (19-ky MWP) in-
dicates partial collapse of one or more ice
sheets, with an attendant large and rapid flux of
fresh water to the ocean that, depending on its
duration, would have ranged from 0.25 to 2 Sv
(1 Sv � 106 m3 s�1) over 100 to 500 years.
Dynamical ocean models demonstrate that the
thermohaline circulation ( THC) is sensitive to
freshwater perturbations on the order of 0.1 Sv
(2, 3), indicating that the 19-ky MWP, if re-
leased in areas of deep water formation, would
have perturbed the THC. However, the source
of the 19-ky MWP and its potential effect on
climate remain unknown. Moreover, the very
existence of the 19-ky MWP has been ques-
tioned because no dated samples from a lone
Bonaparte Gulf core confirm the proposed rap-
id rise of sea level (4).

We first document evidence in support of
the 19-ky MWP from a site along the Irish
Sea coast. In particular, the combination of
early local deglaciation, a relatively low ma-
rine limit, and isostatic emergence of the Irish
Sea coast established conditions favorable for
preserving evidence of a subsequent rapid
rise of sea level at 19,000 years B.P., if such
an event occurred.

Radiocarbon dates on raised marine sedi-
ments and cosmogenic dates on boulders
from glacial moraines indicate that initial de-

glaciation of the British-Irish Ice Sheet (BIIS)
in Ireland began �20,000 years B.P. (5 ).
Because the BIIS is located in a region that is
particularly sensitive to changes in North At-
lantic climate, we infer that this early degla-
ciation occurred in response to an increase in
the Atlantic meridional overturning (AMO)
and the associated warming of the North
Atlantic region that began 21,000 to 22,000
years B.P. (6, 7 ). Alternatively, because
warming the atmosphere in a glacial climate
could have enhanced precipitation sufficient-
ly to lead to a more positive mass balance and
thus growth of the ice sheets (8), initial de-
glaciation of the BIIS may instead have been
triggered by relative sea level rise associated
with isostatic subsidence. In any event, the
maximum BIIS stored �2 m of sea level
equivalent, so that any corresponding chang-
es in its size related to initial deglaciation
�20,000 years B.P. are too small to be dis-
cernible in current records of global sea level
change (Fig. 1).

Early deglaciation of coastal regions was
accompanied by a high relative sea level due
to isostatic depression by the BIIS (9). The

marine limit on the western margin of the
Irish Sea Basin near Kilkeel, Northern Ireland
(Fig. 2) is 30 m above sea level (asl) and
formed between �21,000 and 19,000 years
B.P. Global sea level was 130 to 140 m lower
than at present during this time (1), indicating
that the marine limit at Kilkeel records a net
isostatic uplift of 160 to 170 m.

After the deglaciation of the Irish Sea coast
at Kilkeel, eastward-flowing rivers draining the
Mourne Mountains eroded several broad
(�200 m wide) and deep (�10 m) channels
into existing stratified glaciomarine sediments
(Fig. 2) (10). These channels were graded to a
relative sea level equivalent to or lower than
present (Fig. 2), indicating that the coast had
isostatically emerged at least 30 m (the marine
limit) by the time they had formed.

Evidence that sea level subsequently rose is
suggested by thick fossiliferous marine muds
that now fill the erosional channels to a level
�10 m asl (Fig. 2). We used accelerator mass
spectrometry (AMS) 14C to date five samples
of the foraminifera Elphidium clavatum that
were collected at four levels from near the base
to the top of the muds that fill one channel (Fig.
2 and Table 1) (11). The five ages indicate rapid
sedimentation of the muds; radiocarbon ages at
the base are statistically the same (at 1�) as the
radiocarbon age at the top of the sequence. We
take the weighted mean of the calibrated radio-
carbon ages ( Table 1) to derive an age of
19,119 � 180 years B.P. for this event (12).

Our new data from the Irish Sea coast thus
confirm a rapid rise of sea level of at least
10 m at �19,000 years B.P. that was previ-
ously inferred from Bonaparte Gulf (1) (Fig.
1). A clear signal of this event has not been
described from benthic �18O records (Fig. 1),
but the expected change in seawater �18O
(reduction of �0.1 per mil) may be partially
masked by offsetting temperature effects
(cooling of �0.5°C) associated with reduced
deep water formation during the earliest
phase of deglaciation.
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Fig. 1. Plot of far-field rel-
ative sea level indicators
from Bonaparte Gulf
(green circles) (1), Barba-
dos (blue squares) (14),
and Sunda Shelf (red cir-
cles) (33), indicating an
abrupt 10- to 15-m rise in
global sea level 19,000
years B.P. The vertical bar
represents the weighted
mean calibrated age
(19,119 � 180 years B.P.)
of our radiocarbon ages
constraining a rapid sea
level rise on the Irish Sea
coast (Fig. 2 and Table 1).
Also shown are benthic
oxygen isotope records
from North Atlantic core
NA 87-22 (light blue diamonds, far left axis, water depth 2161 m) (34) and Pacific core
W8709A-13PC (dark blue diamonds, near left axis, water depth 2712 m) (35 ).
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