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PALEOENVIRONMENT

A global environmental crisis 42,000 years ago
Alan Cooper1,2*†, Chris S. M. Turney3*†, Jonathan Palmer3, Alan Hogg4, Matt McGlone5,

Janet Wilmshurst5,6, Andrew M. Lorrey7, Timothy J. Heaton8, James M. Russell9, Ken McCracken10,

Julien G. Anet11, Eugene Rozanov12,13,14, Marina Friedel12, Ivo Suter15, Thomas Peter12,

Raimund Muscheler16, Florian Adolphi17, Anthony Dosseto18, J. Tyler Faith19, Pavla Fenwick20,

Christopher J. Fogwill21, Konrad Hughen22, Mathew Lipson23, Jiabo Liu24, Norbert Nowaczyk25,

Eleanor Rainsley21, Christopher Bronk Ramsey26, Paolo Sebastianelli27, Yassine Souilmi28,

Janelle Stevenson29,30, Zoë Thomas3, Raymond Tobler28, Roland Zech31

Geological archives record multiple reversals of Earth’s magnetic poles, but the global impacts of these

events, if any, remain unclear. Uncertain radiocarbon calibration has limited investigation of the potential

effects of the last major magnetic inversion, known as the Laschamps Excursion [41 to 42 thousand

years ago (ka)]. We use ancient New Zealand kauri trees (Agathis australis) to develop a detailed record

of atmospheric radiocarbon levels across the Laschamps Excursion. We precisely characterize the

geomagnetic reversal and perform global chemistry-climate modeling and detailed radiocarbon dating of

paleoenvironmental records to investigate impacts. We find that geomagnetic field minima ~42 ka, in

combination with Grand Solar Minima, caused substantial changes in atmospheric ozone concentration

and circulation, driving synchronous global climate shifts that caused major environmental changes,

extinction events, and transformations in the archaeological record.

O
ver the recent past, Earth’s magnetic

field has steadily weakened (~9% in

the past 170 years), and this, along

with the current rapid movement of

the magnetic North Pole, has increased

speculation that a field reversal may be im-

minent (1, 2). The estimated economic impacts

of such a reversal have focused on the in-

creased exposure to extreme solar storms,

with multibillion-dollar daily loss estimates

(3) likely to be conservative. One of the best

opportunities to study the impacts of ex-

treme changes in Earth’s magnetic field is the

Laschamps Excursion (hereafter Laschamps)—

a recent, relatively short-duration (<1000 year)

reversal ~41 thousand years ago (ka) (4). Sedi-

mentary and volcanic deposits indicate a

weakening of the magnetic field intensity to

<28% of current levels during the reversed

phase of the Laschamps and, notably, as little

as 0 to 6% during the preceding transition as

polarity switched (Fig. 1 and supplementary

materials) (1, 2, 5).

Studies of Greenland ice cores have failed

to reveal marked impacts in high-latitude

paleoclimate associatedwith Laschamps (5, 6),

and this observation has underpinned the

current view that there is no relationship be-

tween geomagnetic reversals and climate or

environmental changes. However, themarkedly

increased levels of solar and cosmic radiation

reaching Earth’s atmosphere because of the

weakened geomagnetic field are likely to

have increased atmospheric ionization and

decreased stratospheric ozone levels, poten-

tially generating regional climatic impacts,

particularly in lower latitudes (7–9). In this

regard, it is notable thatmany environmental

records around the Pacific Basin appear to

detail a major (and often sustained) change

in behavior ~40 to 42 ka, including local gla-

cial maxima in Australasia and the Andes

(7, 10), long-term shifts in atmospheric circu-

lation patterns (11, 12), and continent-wide

aridification and megafaunal extinction in

Australia (4, 13–16). The same period inNorth

America saw the rapid, pronounced expan-

sion of the Laurentide Ice Sheet (LIS) from a

local minimum close to 42 ka (17–19). Many of

these records document a long-term phase

shift into a glacial state that persisted until

the transition into the Holocene (~11.6 ka), in

direct contrast to the Atlantic Basin records of

millennial-scale abrupt and extreme changes

associated with stadial-interstadial events.

Although the Pacific Basin environmental

changes appear broadly coincident with the

Laschamps, the lack of knowledge about the

exact timing and duration of the geomagnetic

excursion has greatly limited the ability to

examine whether it played any role. In addi-

tion, chronological uncertainties are complicated

in radiocarbon-dated terrestrial and marine

records around the Laschamps because of the

elevated production of
14
C and

10
Be, cosmo-

genic radionuclides resulting from the substan-

tial increase in high-energy cosmic radiation

reaching the upper atmosphere. The high
10
Be

flux has been well described from Greenland

and Antarctic ice core records (6, 20, 21), which

reveal synchronous century-long
10
Be peaks

across the Laschamps that appear to reflect

a series of pronounced Grand Solar Minima

(GSM; prolonged periods of low solar activity

similar to the Spörer and Maunder Minima:

1410 to 1540 CE and 1645 to 1715 CE), with

unknown climate impacts (20, 21). By con-

trast, the associated atmospheric
14
C changes

remain poorly constrained (22), preventing

precise calibration (23).

Radiocarbon changes across the Laschamps

In this study, we performed detailed radiocarbon

analyses of ancient kauri (Agathis australis) trees

preserved in northern New Zealand wetlands

(24) to generate a contiguous reconstruction

of atmospheric
14
C across the Laschamps (see

supplementary materials). We compared a

series of radiocarbon measurements across

multiple kauri trunk cross sections to identify

variations in atmospheric radiocarbon at a

highly resolved level. A 1700-year record from

a tree recovered from Ngāwhā, Northland, is

RESEARCH
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particularly important because it spans the

period of greatest change in
14
C, including an

apparent weakening of the magnetic field

before the Laschamps. The growth of the

Ngāwhā tree is relatively suppressed com-

pared with both modern kauri and other

late Pleistocene kauri, and there is a marked

decrease in tree-ring width that coincides

with the weakest phase of the geomagnetic

field (supplementary materials). We spliced

the kauri tree
14
C series into the radiocarbon

dataset reported from the
230

Th-dated Hulu

Cave speleothem (22) to provide an absolute

(calendar) time scale (Fig. 1). Our 40-year–

resolved reconstruction (Fig. 1) shows major

changes in atmospheric radiocarbon before

and during the Laschamps (23), closely match-

ing reconstructions of the virtual geomagnetic

pole [positions and geomagnetic intensity

(1, 5)]. A comparison of the kauri-Hulu
14
Cwith

the paleomagnetic intensity data indicates that

Cooper et al., Science 371, 811–818 (2021) 19 February 2021 2 of 8

Fig. 1. Atmospheric radiocarbon

changes across the Laschamps

geomagnetic excursion and com-

pared with key environmental

datasets. (A and B) Kauri 14C ages

and D
14C values before and through

the Laschamps (colored symbols)

compared with Hulu Cave radiocar-

bon values (open symbols) (22). The

arrow denotes the peak in D14C

coincident with a prominent GSM

(see below). A short 14C plateau

42.20 to 42.04 ka occurs around

halfway through the steep rise in 14C,

which is consistent with Cariaco

Basin (40) and demonstrates that

this is a robust feature in the record.

B.P., before present (1950 CE); Mag.,

magnetic. Error bars indicate 1s.

(C) Relative paleomagnetic intensity

curve aligned to the Greenland ice

core record reported from Black Sea

sediments (5). (D) Normalized

Greenland 10Be flux (light blue line)

(20) compared with modeled 14C

production rates from the kauri-Hulu

dataset (thick black line). The ampli-

fied peaks in 10Be during the

weakened paleomagnetic field are

consistent with increased ionizing

radiation during GSM (arrows; see

supplementary materials). (E) North

Greenland Ice Core Project (NGRIP)

d18O record reported on the GICC05

(+265 years) time scale B.P.;

Greenland interstadial (warming)

events 11 to 9 are shown (41), along

with the weak Greenland stadial

(GS-10), which may represent a local

Greenland signal of abrupt cooling

interrupting a larger interstadial event

originally consisting of GI-10 and GI-9

(29, 30). (F) Sediment total reflec-

tance (refl-L*) measurements from

Cariaco Basin (250-point running

mean) showing the absence of a clear

GS-10 signal (30). The reversed

geomagnetic polarity (light-gray col-

umn) and flanking transition phases

(dark gray) are indicated, with the

latter being the weakest periods

of Earth’s magnetic field and closely

coincident with GS-11 and GS-10.
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the reversed phase of the geomagnetic field

(and associated partial recovery) defining the

Laschamps sensu stricto occurred at 41.56 to

41.05 ka (supplementary materials).

By modeling
14
C-production rates from our

kauri D14
C record, it is possible to precisely

align to the ice core time scale by using
10
Be

records (21). Across this period, we infer that

the Greenland ice core 2005 (GICC05) time

scale is 265 years younger than the Hulu Cave

time scale (95.4% range: 160 to 310 years)

(Fig. 1 and fig. S15), which is considerably

more precise than previous comparisons (21).

Notably, the steep rise in D14
C commences at

42.35 ka, with a peak value of 782 per mil (‰)

occurring at 41.8 ka, 300 years before the

full Laschamps reversal. This is the highest

atmospheric
14
C concentration yet reported

of the pre-anthropogenic radiocarbon time

scale (22, 23, 25) (see supplementary ma-

terials). The peak D14C value reported here

occurs during the most weakened phase of

the geomagnetic field (5) and is associated

with a prominent GSM recorded by
10
Be flux

(20) (Fig. 1 and supplementary materials), when

the weakened solar interplanetary magnetic

field allowed enhanced input of galactic cosmic

rays (GCRs) into the upper atmosphere. This

kauri-Hulu record provides a precise radio-

carbon calibration curve for this period, per-

mitting a detailed recalibration of wider

environmental changes to test synchrony

between events while also enabling us to in-

vestigate the potential climate drivers during

the Laschamps.

Global chemistry-climate modeling

To explore the impacts of a greatly weakened

geomagnetic field on atmospheric ionization,

chemistry, and dynamics, we undertook a se-

ries of simulations using a global chemistry-

climate model, SOCOL-MPIOM (8) (see

supplementary materials). First, the global

conditions before the Laschamps were mod-

eled by using modern values of the geo-

magnetic dipole moment (M) and average

solar modulation potential (f) of 800 MV

(equivalent to the modern value). After a

398-year spin-up, three 72-year–long sim-

ulations (from which the last 60 years were

used for analysis) were branched off to study

the Laschamps and two additional solar

states likely to influence atmospheric ioniza-

tion: a reference run keeping M = 100% cur-

rent and f = 800 MV (experiment REF); the

Laschamps with weakened geomagnetic field

(M = 0% current, f = 800 MV; experiment

M0P800) (2); and a Laschamps weakened geo-

magnetic field plus GSM when the decreased

geomagnetic field and the reduced solar mod-

ulation potential greatly increase the GCR

ionization rate in Earth’s atmosphere (M = 0%

current, f = 0 MV; experiment M0P0).

Although our simulation for the weakened

magnetic field during the Laschamps (M0P800)

showed modest but significant changes in at-

mospheric chemistry and climate (see supple-

mentary materials), the scenario for Laschamps

plus GSM (M0P0) showed greatly amplified

impacts, most notably during the boreal

winter and austral summer (December to

February) (Figs. 2 and 3 and figs. S18 to S30).

Cooper et al., Science 371, 811–818 (2021) 19 February 2021 3 of 8

Fig. 2. The impact of a weakened geomagnetic field and GSM on global chemistry.

(A to C) Simulated anomalies in boreal winter and austral summer (relative to

experiment REF; December to February) atmospheric chemistry [HOx, NOx, and O3 in

(A), (B), and (C), respectively] for a weakened magnetic field during the Laschamps

plus GSM (M= 0, f = 0); colored areas denote 10% significance. (D) Total ozone column

change [Dobson units (DU)]; hatched areas denote 10% significance level.
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Our results yield a large increase in atmo-

spheric ionization from GCRs, resulting in

an enhanced production of hydrogen and

nitrogen oxides (HOx and NOx, respectively)

(Fig. 2, A and B) (8) down to very low altitudes.

The increased HOx and NOx concentrations

influenced ozone levels over the entire atmo-

sphere, decreasing the O3 mixing ratio in the

stratosphere (~5%) while increasing the O3

mixing ratio in the troposphere, with the great-

est changes observed over Antarctica (~5%)

(Fig. 2, C and D).

We find that decreasing stratospheric O3

concentrations had climatic impacts over the

mid- to high latitudes in both hemispheres

(Fig. 3). In the Northern Hemisphere, this

changed the equator-to-pole temperature

gradient, weakening the Arctic polar vortex

and leading to a net warming effect in the

lower polar stratosphere. We postulate that

this positive temperature anomaly was fur-

ther amplified by an increase in the Brewer-

Dobson Circulation, which would have, among

other effects, led to adiabatic warming of air

masses sinking from upper to lower strato-

spheric heights. The reason for the increased

Brewer-DobsonCirculationmay originate from

a wavier jet stream, reaching higher velocities

at the Northern Hemisphere latitudes with the

most pronounced orographic barriers and in-

creasing gravity-wave production, which sub-

sequently propagated vertically up through the

atmospheric column (26). The lower atmo-

sphere responded to those factors with sea-

level pressure increases over the Arctic and

North America and decreases over Western

Europe, with parallel changes in surface tem-

perature. These changes resemble a negative

phase of the Arctic Oscillation (AO) and North

Atlantic Oscillation (NAO), consistent with

reanalysis studies (27). In the Southern Hem-

isphere, decreasing stratospheric O3 appears

to be associated with small changes in the

mid-latitude airflow (Fig. 3) and subtropical

precipitation patterns (see supplementaryma-

terial) (8). Because the significance is <10%, an

ensemble of longer model runs is required to

confirm this finding.

Although previous studies have suggested

that snowfall over Greenland is summer dom-

inated during glacial conditions (28), the

model predictions of pronounced boreal win-

ter Arctic surface cooling are potentially im-

portant in the context of the Greenland ice

core records spanning this period. It is notable

that the two weakest phases of geomagnetic

field strength during the Laschamps closely

coincide with the cold Greenland stadials 11

(GS-11) and GS-10 (Fig. 1). Furthermore, GS-10

and the following brief interstadial GI-9

have a number of atypical features that have

led to suggestions that they might represent

the interruption of a single long warm inter-

stadial (composed of GI-10 and GI-9, as seen

in other records such as Cariaco Basin) (Fig. 1)

by an abrupt cold phase, likely related to an

expansion in North Atlantic sea-ice extent,

which changed the climatic gradient between

the mid-latitudes and Greenland (29, 30) (sup-

plementary materials). As a result, the climatic

impacts of the Laschamps may have been ob-

scured by the way they are represented in the

Greenland ice core records.

Pacific climate and environmental impacts

In theNorthernHemisphere, it remainsdifficult

to disentangle the similarly timed impacts of

Laschamps from Greenland stadial-interstadial

events, early glacial advances, and the expansion

of anatomicallymodernhumans (AMHs) (4, 31).

Therefore, to isolate the potential impacts of

Cooper et al., Science 371, 811–818 (2021) 19 February 2021 4 of 8

Fig. 3. The impact of a weakened geomagnetic field and GSM on global climate. (A to D) Simulated anomalies in boreal winter and austral summer (relative to

experiment REF; December to February) wind speed at 10 m, sea-level pressure, surface temperature, and zonal wind [(A) to (D), respectively] for a weakened

magnetic field during the Laschamps plus GSM (M = 0, f = 0); hatched areas denote 10% significance level.
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Laschamps from these confounding factors,

we used the kauri-Hulu radiocarbon calibra-

tion curve to examine a transect of stratigraph-

ically constrained sites in the Pacific (i.e.,

outside the Atlantic Ocean basin) from the

subantarctic to the tropics (Fig. 4).

We used high-resolution radiocarbon dating

to investigate Laschamps-aged sedimentary

sequences at sites that record the behavior

of both the Intertropical Convergence Zone

(ITCZ) (Lake Towuti, Sulawesi) and mid-

latitude Southern Hemisphere westerlies

(subantarctic Auckland Islands). On the

subantarctic Auckland Islands (50°S) (see

supplementary materials), which currently

sit under Southern Hemisphere mid-latitude

westerly airflow (12), a lignite sedimentary

horizon at Pillar Rock records a warm period

Cooper et al., Science 371, 811–818 (2021) 19 February 2021 5 of 8

Fig. 4. Climatic and environmental

changes across the 42 ka Adams

Event. (A) NGRIP d18O (41). HE4

refers to Heinrich Event 4 within GS-9.

(B and C) Neanderthal extinction in

Europe (40.9 to 40.5 ka) recalibrated with

the kauri-Hulu calibration curve (B)

and arrival of AMHs in Europe (C) and

development of Initial Upper Paleolithic

cultures (37). (D) Early cave art and cave

utilization across both Europe and

Southeast Asia (34–36). (E) Rapid

expansion of LIS after a minimum extent

at 42 ka calendar B.P. that commenced

immediately before or during the

Laschamps (17–19). (F) Kauri and Hulu

Cave D
14C values; colored solid circles

denote individual trees (key in Fig. 1). Error

bars indicate 1s. (G) Migration south of

the Intertropical Convergence Zone (ITCZ)

as recorded by Lake Towuti d13Cleaf wax
reported in this study (11). (H) Onset

of burning in tropical Queensland,

Australia (15). (I) Extinction of megafauna

in Australia (and continental-wide

aridification) (13, 14) and faunal turnover

in southern Africa (42). SH, Southern

Hemisphere. (J) Local glacial maxima in

the southwest Pacific (7, 10) and the

central Andes (7, 10). (K) Migration of

mid-latitude westerly airflow equatorward

from Auckland Islands (12) and possible

extinction of subantarctic plant species

(fig. S6). (L) West Antarctic (WAIS)

d
18O (41). NGRIP and WAIS d

18O values

reported on the GICC05 (+265 years) time

scale (41). AIM, Antarctic isotopic

maximum events. The Laschamps is

shown in three phases: the transition

phases (dark gray) on either side of the

reversed polarity (light gray). The

Mono Lake Excursion (34.6 ka) is also

shown (light gray column) (1). Asterisks

denote evidence of geomagnetic alteration

associated with the Laschamps,

demonstrating synchronous change

across many parts of the globe.
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from 54 to 42 ka within the last glaciation.

Pollen records ofDracophyllum scrub grassland

on this exposed cliff top and long-distance

transport of lowland podocarp forest pollen

from the New Zealand mainland indicate

weaker westerly winds than now and mean

annual temperatures within 1° to 1.5°C of

those today (supplementary materials), inter-

preted to represent a period when the core

of the Southern Hemisphere westerlies lay

relatively poleward, delivering mid-latitude

air masses over this sector of the Southern

Ocean (12). A series of 12 contiguous
14
C ages

reveals the upper stratigraphic boundary,mark-

ing a return to periglacial conditions that

occurred at 42.23 ± 0.2 ka, coincident with

the weakening of the magnetic field during

the transition phase into the Laschamps

(Fig. 1). The periglacial conditions lasted

until the Holocene (12), suggesting perva-

sive and widespread cold conditions (asso-

ciated with a strengthening or northward

shift in the core westerly airflow) across

this sector of the Southern Ocean.

In the equatorial west Pacific, Lake Towuti

currently experiences a wet season from

December toMay as the ITCZmigrates south-

ward (11). During the last glacial period, Lake

Towuti preserves a marked and sustained

shift in d13Cleaf wax to more positive values

(interpreted as representing more arid con-

ditions), which persisted until the Pleistocene-

Holocene boundary (Fig. 4 and supplementary

materials) (11). A comprehensive series of 13

new radiocarbon dates and sediment magnetic

intensity minima suggest that the ITCZ shift

occurred at 42.35 ± 0.2 ka, again during the

geomagnetic transition phase into the Laschamps

(fig. S11), precisely aligning to the westerly

airflow shift recorded at Pillar Rock. The high

level of precision on the ages obtained for the

major climatic boundaries recorded in Lake

Towuti and the Auckland Islands is only

possible because of the contiguous series of

radiocarbon dates from each sequence, which

permit accurate alignment against the steep

rise in atmospheric radiocarbon values across

this period (Fig. 1).

The above changes are consistent with a

wealth of observations that indicate major

environmental changes around the Pacific

Cooper et al., Science 371, 811–818 (2021) 19 February 2021 6 of 8

Fig. 5. Summarized potential impacts of different states of Earth’s

magnetic field and solar events. (A to D) Size of the magnetosphere,

auroral extent, atmospheric ionization and associated chemistry and climate

impacts for (A) today, (B) the Laschamps, (C) GSM during the Laschamps,

and (D) major SEP events during the Laschamps (see supplementary

materials). Upward arrows represent increase, and downward arrows represent

decrease. max., maximum; min., minimum; SCR, solar cosmic radiation;

GV, gigavolt; MV, megavolt.

RESEARCH | RESEARCH ARTICLE

o
n
 F

e
b
ru

a
ry

 1
8
, 2

0
2
1

 
h
ttp

://s
c
ie

n
c
e
.s

c
ie

n
c
e
m

a
g
.o

rg
/

D
o
w

n
lo

a
d
e
d
 fro

m
 



Basin at the time of the geomagnetic tran-

sition into the Laschamps. For instance, a

northward movement of the Southern Hemi-

sphere westerlies has been proposed to ex-

plain the local peak glacial advance in the

arid southern-central Andes, sometime before

39 ka (Fig. 4) (7) and tentatively related to

fluxes in cosmic radiation and the Laschamps

(8). Maximum glacial advances are also ob-

served in New Zealand ~42 ka (10), consistent

with the climate modeling of enhanced

southwesterly airflow over the mid-latitudes

(Fig. 3) (8). These broad-scale atmospheric

circulation changes appear to have had far-

reaching consequences. Within Australia, the

peak megafaunal extinction phase is dated at

~42.1 ka, both in the mainland and Tasmania

(Fig. 4) (14–16), and has generally been at-

tributed to human action, although well after

their initial arrival at least 50 ka (14, 16, 32).

Instead, the megafaunal extinctions appear to

be contemporaneous with a pronounced cli-

matic phase shift to arid conditions that re-

sulted in the loss of the large interior lakes

and widespread change in vegetation patterns

(13, 15). At Lynch’s Crater in northeast Australia,

the shift in vegetation structure, accompanied

by increased burning (15), has been recalibrated

here at 41.91 ± 0.4 ka, overlapping with the

climatic boundaries observed at Lake Towuti

and the Auckland Islands. Likewise, sedi-

ments at the Lake Mungo site associate the

timing of the loss of Australia’s interior lakes

and megafaunal extinction phase with a re-

ported geomagnetic excursion ~42 ka (locally

called the “Lake Mungo Excursion”) (supple-

mentary materials) (13). Similar signals of

marked floral and faunal change also appear

to exist on New Caledonia and as far afield as

South Africa (see supplementary materials).

Together, these records suggest that both a

mid-latitude climatic shift and major extinction

phases overlap with the geomagnetic transition

leading into the Laschamps, implying an asso-

ciation between these events.

Our model simulations potentially provide

important insights into the global nature of

the changes observed around the time of the

Laschamps. Although the immediate impacts

associatedwith the geomagnetic transitionwere

likely on the order of the duration (800 years),

many of the above synchronous changes per-

sisted for millennia. This implies that a thresh-

old may have been passed in one or more Earth

system components, effectively tipping into a

different persistent state (Fig. 4). One possibility

is thatwith Earth’s orbital configurationmoving

toward a full glacial state and limited global

ocean ventilation (see supplementary mate-

rials), the climate system may have been

sensitive to a relatively short but extreme

forcing around the time of the Laschamps.

For instance, terrestrial andmarine sedimen-

tary records have revealed that the LIS ex-

panded rapidly from a local minimum at

42 ka (18, 19) in association with a magnetic

reversal (17, 19), with geological constraints

and numerical models indicating that some

parts of the ice sheet may have expanded

>1000 km by ~39 to 37 ka (18). Although our

model simulations do not suggest any major

change in airflow over the equatorial and

southern Pacific, we do find a substantially

weakened polar vortex, most notably during

the boreal winter (Fig. 3 and supplementary

materials). The greatly reduced surface tem-

peratures akin to a negative phase of the AO

and NAO could potentially have created a

positive feedback for ice sheet growth, reduc-

ing global sea levels. Recent work has sug-

gested that a greatly expanded LIS would have

reorganized atmospheric circulation across the

wider Pacific Ocean (11). Such a hemisphere-

wide response to abrupt forcing is consistent

with the synchronous movement of the mid-

latitude Southern Hemisphere westerlies deter-

mined fromPillarRock and implied fromglacial

behavior in New Zealand, Australia, and the

central Andes.

The Adams Transitional Geomagnetic Event

and wider implications

Overall, the signals discussed above suggest

that contemporaneous climatic and environ-

mental impacts occurred across the mid- to

lower latitudes ~42 ka, coincident with Earth’s

weakened geomagnetic field immediately pre-

ceding the reversed state of the Laschamps

(Fig. 4). We describe this as the “Adams

Transitional Geomagnetic Event” (hereafter

“Adams Event”), named after the science

writer Douglas Adams because of the timing

(the number “42”) and the associated range of

extinctions (33). Previous studies may have

failed to identify such a relationship between

the Laschamps and climatic impacts because

of the lack of temporal resolution and by

focusing on the period of actual reversed

geomagnetic field (41.5 to 41.1 ka) (5, 6) rather

than the preceding extended phase of much

weaker geomagnetic field (42.4 to 41.5 ka).

The lowered geomagnetic field intensity

during the Adams Event, together with major

changes in the intensity of cosmic radiation,

is estimated to have increased levels of at-

mospheric ionization and ultraviolet (UV)

radiation, especially in equatorial and low

latitudes (<40°), because of a 10-fold decrease

in the cosmic ray cut-off rigidity (Fig. 5 and

supplementary materials). During GSM, the

ionization in the middle stratosphere and

surface UV radiation levels are estimated to

have been further heightened (up to 25 to

40% and 10 to 15% above current levels, re-

spectively), after taking into account changes

in the solar spectrum. Furthermore, these

values are likely to be much greater during

the short-lived solar energetic particle (SEP)

events (Fig. 5 and supplementary materials).

Although the relationship between increased

atmospheric ionization and stratospheric and

tropospheric cloudiness through cloud-seeding–

type impacts remains uncertain, such impacts

would be focused toward the lower latitudes

(9), where the potential for lightning strikes

could explain the increased records of charcoal

observed around the Laschamps in Australia

(15) and lack of relationship with archaeological

signs of human activity (see supplementary

materials).

The implications of this study are consider-

able. For instance, the Adams Event is very

close in timing to the globally widespread

appearance and increase in figurative cave

art, red ochre handprints, and changing use of

caves ~40 to 42 ka, e.g., in Europe and Island

Southeast Asia (fig. S34 and supplementary

materials) (34–36). This sudden behavioral

shift in very different parts of the world is

consistent with an increasing or changed use

of caves during the Adams Event, potentially

as shelter from the increase of ultraviolet B,

potentially to harmful levels, during GSM or

SEPs, which might also explain an increased

use of red ochre sunscreen (4). Rather than the

actual advent of figurative art, early cave art

would therefore appear to represent the pre-

servation of preexisting behaviors on a new

medium (supplementary materials) (36). Other

important archaeological boundaries during

the wider Laschamps include the extinction

of the Neanderthals (recalibrated here at 40.9

to 40.5 ka), along with the disappearance of

some of the first European AMH cultures and

the subsequent widespread appearance of

the Aurignacian technocomplex (Fig. 4 and

supplementary materials) (4, 31, 37).

The Adams Event appears to represent a

major climatic, environmental, and archaeo-

logical boundary that has previously gone

largely unrecognized. Furthermore, another

well-known geomagnetic excursion in the

recent past, Mono Lake (34 ka) (1), also

appears to be marked by a distinct peak in

the D14
C levels in the Hulu Cave stalagmite

(Fig. 3) and aligns closely with a further

latitudinal shift in the ITCZ as recorded in

Lake Towuti, as well as a cluster of mega-

faunal extinctions in Eurasia (38) (supple-

mentarymaterials). Importantly, geomagnetic

transition phases can last substantially longer

than during the Laschamps; for instance, the

most recent full geomagnetic reversal, the

Brunhes-Matuyama (at ~790 ka) (39) has a

transition phase of ~20 ka, some 25 times

longer than the Adams Event, with potentially

far-reaching global climatic and evolutionary

effects. The discovery that geomagnetic excur-

sions can alter latitudinal temperature gra-

dients through drastic increases in cosmic

radiation and decreased ozone concentrations

provides a newmodel for sudden paleoclimate

Cooper et al., Science 371, 811–818 (2021) 19 February 2021 7 of 8
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shifts. Overall, these findings raise important

questions about the evolutionary impacts of

geomagnetic reversals and excursions through-

out the deeper geological record (4).
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