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A B S T R A C T   

Identification of Holocene climate events, their temporal and spatial characteristics, and their causal mechanisms 
are important for understanding past climate systems with implications for interpreting ancient cultural trans-
formations. In this paper, we analyse globally-distributed, high-resolution climate proxy records from 58 sites to 
develop a comprehensive understanding of climate change around 7.2 ka BP. Analysis of the data compilation, 
which comprises records from lake sediments, one loess section, speleothems, marine sediments, and ice cores, 
show that the climate event is manifested as a weakening of the Asian summer monsoon and a strengthening of 
the South American summer monsoon. Climate change also involves dramatic cooling and wetter conditions in 
north-central Europe, widespread aridity across the Africa and west-south North America, contrasting patterns of 
precipitation variability throughout the Mediterranean, and notable cooling over the polar regions, suggesting 
that this is a global climate event. A close correspondence between the 7.2 ka event and the timing of solar 
irradiance minima, strong volcanic eruptions, meltwater flux into the North Atlantic Ocean, and an orbitally- 
induced decrease in summer solar insolation suggests a possible causal link with these phenomena. We sug-
gest that climate anomalies around 7.2 ka BP may be specifically explained as a response to southward migration 
of the Intertropical Convergence Zone, onset of an increasingly El Niño-like state, reinforcement of the westerlies, 
and slowing of the Atlantic Meridional Overturning Circulation (AMOC).   

1. Introduction 

Future climate change and its potential effects on human society and 
ecosystems are of prime concern to all. Climate modeling suggests that 
human-induced forcings are increasing the probability of abrupt climate 
change in the next hundred years or beyond (National Research Council, 
2002; IPCC, 2021). One way to deal with the possible impact of future 
abrupt climate change is to look to the past for possible close analogs 
(Alley and Ágústsdóttir, 2005). During the past few decades, especially 
following the establishment of PAGES (Past Global Changes) in 1991, 
great advances have been made in the reconstruction of precisely-dated 
and highly-resolved proxy records. For example, evidence from ice 
rafted debris (IRD) in the North Atlantic (Bond et al., 1997) and 

glaciochemical series in a Greenland ice core (O’Brien et al., 1995) 
revealed that the warm Holocene originally understood through the 
oxygen isotopes of ice cores (Dansgaard et al., 1993) was unstable and 
punctuated by several significant climate variations. These climate 
changes potentially had large and far-reaching consequences on human 
societies. Furthermore, they typically occurred at times when the 
background climate was much like the present (Bond et al., 2001; 
Mayewski et al., 2004; Wang et al., 2005; Shuman, 2012). Therefore, the 
study of such episodes can provide insights into the processes, drivers, 
and impacts of abrupt climate change, and these can then be applied to 
understand the behavior of climate systems and react to the likely 
occurrence of future abrupt climate change. 

Among these past episodes, the 8.2 ka BP event (ka BP = thousand 
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years before 1950 present) (Alley et al., 1997; Alley and Ágústsdóttir, 
2005), 5.5 ka BP event (Brooks, 2006; Wu et al., 2018; Hou and Wu, 
2021), and 4.2 ka BP event (Wu and Liu, 2004; Roberts et al., 2011; 
Weiss, 2016) have received considerably more attention because of their 
climatic and/or potential past socio-cultural significance. Evidence is 
emerging to identify other potential Holocene climate events. One such 
climate event, discussed in this paper, appears to occur approximately 
7.6–7.0 ka BP, as indicated by widespread paleoclimate records from the 
North Atlantic (Bond et al., 2001), Europe (Magny, 2004; Magny et al., 
2011), the Mediterranean (Magny et al., 2013; Cheng et al., 2015), Asia 
(Yu et al., 2004; Gupta et al., 2005; Wang et al., 2005; Liu et al., 2015; Li 
et al., 2021a), the Americas (Ersek et al., 2012; Bernal et al., 2016), and 
Africa (Thompson et al., 2002; Zielhofer et al., 2017b). This climate 
event is also visible in polar ice core records (Mayewski et al., 1997; 
Stuiver et al., 1997). Previous studies refer to it—or aspects of it—in 
various ways related to its chronology, including the 7.1 ka event 
(Aubán et al., 2016), 7.2 ka event (Zhang et al., 2021), 7.4 ka event 
(Fletcher et al., 2012), or ice-rafted debris (IRD)-5b event (Gronenborn, 
2010). In this paper, we preliminarily refer to it as the “7.2 ka event” 
based on the peak timing of climate anomalies. Although the 7.2 ka 
event may be less pronounced than the other widely-acknowledged 
Holocene climate events, it is particularly interesting because it 
occurred during the Holocene Climate Maximum. It thus may provide 
useful analog for estimating the magnitude of climate changes under the 
increasing global warming of today. 

Additionally, the 7.2 ka event represented by these paleoclimate 
records coincided with significant changes seen archaeologically in 
human societies throughout the world, such as the abandonment of a 
large number of sites, demographic shifts, and profound cultural trans-
formations (Aubán et al., 2016). Specifically, the transition from the 
Mesolithic to the Neolithic across southern Iberia and the final collapse 
of the Early Neolithic Linear Pottery culture across central Europe were 
associated with climatic instability at around 7.4 ka BP (Gronenborn, 
2010; Sánchez et al., 2012). In China, climatic deterioration between 7.6 
and 7.0 ka BP coincided with considerable regional Neolithic cultural 
successions, particularly in the northerly latitudes, including those 
recognized across the Guanzhong Basin (Lü and Zhang, 2008), the 
Gansu-Qinghai region (Dong, 2013), the farming–grazing transitional 
zone (Zhang et al., 1997), and North China (Wang et al., 2014). The 
coincidence of archaeological evidence for such cultural changes with 
the 7.2 ka event suggests a possible link. Demonstrating climate change 
as a causative factor in these geographically widespread cultural 
changes, however, will require greater systematic knowledge about it. 

For these reasons, it is necessary to have a detailed understanding of 
the 7.2 ka event. However, up to now, there has been no systematic 
review for this climate event. Here, we attempt to fill this gap through a 
synthesis of paleoclimate proxy records from various archives from the 
global. The use of widely-distributed paleoclimatic data avoids the risk 
of using data series from one area to extrapolate to others and thus 
provides a more complete and clearer climate picture (Shuman and 
Marsicek, 2016). In this paper, we synthesize well-dated and highly- 
resolved climate records from 58 globally-distributed sites. The aim of 
this synthesis is not only to compile high-quality data, but also to un-
derstand the temporal and spatial pattern of this climate event and to 
investigate the underlying climate-forcing mechanisms. Such a review 
can provide more robust climate background with which to explore 
human-environmental interactions during this climate anomaly period. 

2. Site selection 

Benefit of advances in paleoclimatic research, especially since the 
establishment of PAGES in 1991, a large number of paleoclimatic re-
cords have been published over the last three decades. In this work, we 
aim to understand the temporal and spatial pattern of the 7.2 ka event so 
we do not even attempt to list those studies that do not refer to it. The 
bias inherent in reporting occurrence and failing to report absence of the 

7.2 ka event should be clear. We characterize records of interest as 
follows:  

(1) the record covers the entire time interval of interest (7.6–7.0 ka 
BP); 

(2) the record has a reliable chronological framework and high res-
olution (one control point every 2000 years; a record should have 
at least a sampling resolution of better than 100 years between 
7.6 and 7.0 ka BP, and this cutoff is chosen so that the detection of 
a short term event would be feasible);  

(3) the record includes proxies with a demonstrated relationship 
with climate variables based on knowledge of modern processes;  

(4) the record is preferably multi-proxy (given that different proxies 
from the same record can yield different inferences about the 
timing, explanation, and magnitude of climatic change). In many, 
but far from all of these records, multi-proxy is included to pro-
vide accurate paleoclimate information for the 7.2 ka event. 

With respect to the four criteria, 58 sites, including 18 lake sedi-
ments, one loess section, 16 speleothems, 18 marine sediments, and five 
ice cores, are selected for this review. For convenience of discussion, the 
58 sites are grouped into five regions: Asia, the Americas, Europe and the 
Mediterranean, Africa, and the polar regions. In total 47 proxy time 
series from 42 sites are chose, but time series of the remaining 16 sites 
can’t be obtained. Due to the complex relationship between climate 
variables and proxies, it is impossible to translate all proxies into 
quantitative or semi-quantitative climate signals. Therefore, in some 
cases, we follow the authors’ original climate interpretations of the 
proxies and do not make any corrections. In addition, we also select 8 
additional climate-forcing time series for exploring the underlying 
mechanisms. Numeric data for these time series are downloaded either 
from the National Oceanic and Atmospheric Administration (USA) 
(https://www.ncdc.noaa.gov/data-access/paleoclimatology-data), East 
Asian Paleoenvironmental Science Database (http://paleodata.ieecas. 
cn/index.aspx), or as digitized figures with GetData2.20 software (htt 
p://www.getdata-graph-digitizer.com/). 

In this paper, we also use objective criteria for statistically detecting 
climate anomalies in 45 proxy time series from 40 sites (see Supple-
mentary Material). The records of particle sizes for Wudongyang peat 
and soil δ18O for Citelle Basin isn’t carried out because of relatively 
coarse time resolution outside of the 7.6–7.0 ka BP and short time series, 
respectively. Since the focus of this study is on a centennial-scale climate 
event, the original proxy data are uniformly standardized by subtracting 
a 1000-yr moving average from the 200-yr moving average and 
normalizing the record using the standard deviation (SD) firstly 
(Wanner et al., 2011; Sagawa et al., 2014). If values of the processed 
proxy time series fall outside a 1 SD between 7.6 and 7.0 ka BP, we 
would conclude that evidence for the 7.2 ka event exists. 

The details of the paleoclimate records discussed in this review are 
listed in Table 1, which includes the type of archive, dating material, 
number of dates, dating method, temporal resolution, and proxy type. 
Record locations are plotted on a map of the world to help visualize their 
spatial distribution (Fig. 1). Although the reviewed paleoclimate records 
have been dated by different method, the dates are corrected in original 
paper, providing a common chronological framework for inter- 
comparison. 

3. Proxy Records 

In the following descriptions, we present relevant evidence from the 
various proxy records across the five regions. 

3.1. Asia 

The growing number of proxy records from the Asian summer 
monsoon domain, ranging from the beginning to the end of the 
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Table 1 
Details for the proxy records reviewed in this study.  

No. Site Longitude Latitude Archive Dating material Dating 
method 

No. 
of 
dates 

Time 
interval 
(ka BP) 

Resolution 
(yr) 

Proxy Reference 

1 Dongge 108.50 25.17 cave speleothem U-TH 45 9.0–0 5 δ18O Wang et al., 2005 
2 Shuiming 107.47 29.47 cave speleothem U-TH 10 8.0–7.0 2.7 δ13C, trace 

element 
Feng et al., 2019 

3 Qingtian 110.22 31.20 cave speleothem U-TH 31 10.9–6.1 2–6 δ18O Liu et al., 2015 
4 Magou 113.23 34.19 cave speleothem U-TH 66 11.7–1.1 4 δ18O Cai et al., 2021 
5 Tianmen 90.40 30.55 cave speleothem U-TH 10 8.7–4.3 3–7 δ18O Cai et al., 2012 
6 Baluk 84.44 42.26 cave speleothem U-TH 15 8.4–2.7 23 δ18O Liu et al., 2019 
7 Qinghai 100.08 36.32 lake organic matter/ 

seed/plant 
macrofossils 

AMS14C 57 32.0–0 56 monsoon index An et al., 2012 

8 Dulan 98.20 36.10 loess 
section 

loess OSL 11 9.5–0 81 multi-proxy Li et al., 2021b 

9 Altai 88.21 48.70 lake cellulose AMS14C 22 11.0–0 45 δ13O Huang et al., 2020 
10 Dadiwan 105.80 35.02 lake organic matter AMS14C 12 16.0–1.0 12 Rb/Sr Liu et al., 2020b 
11 Bohai Sea 118.01 39.28 sea core carbonized reed AMS14C 11 8.2–7.0 5 pollen Zhao et al., 2021 
12 Yangtze River 118.48 32.17 lake plant remains AMS14C 11 9.0–7.2 5 phytolith Zuo et al., 2021 
13 Wangdongyang 119.38 27.40 lake plant 

macrofossils 
peat 

AMS14C 9 8.3–1.0 45–85 multi-proxy Zhao et al., 2022 

14 Daihai 112.40 40.35 lake organic matter AMS14C 9 12.0–0 23–158 pollen Xu et al., 2003 
15 B-Y14 122.55 39.24 sea core organic matter 

foraminifer 
AMS14C 10 9.0–0 55 UK’

37 Nan et al., 2017 

16 A03-B 123.38 35.28 sea core foraminifer AMS14C 7 8.8–0 29 TEXL
86 Li et al., 2021a 

17 KY07–04-01 128.56 31.38 sea core foraminifer AMS14C 14 18.0–0 28–50 Mg/Ca Kubota et al., 
2010 

18 A7 126.58 27.49 sea core foraminifer AMS14C 16 18.0–0 48 δ13O Xiang et al., 2007 
19 OKI-151 125.52 26.11 sea core foraminifer AMS14C 12 13.3–0 150 TEXH

86, UK’
37 Xu et al., 2018 

20 Leizhou 
Peninsula 

109.55 20.14 sea core reef TIMS 9 7.5–7.0 sub-annual Sr/Ca Yu et al., 2004 

21 Ximenglongtan 99.35 22.38 lake plant 
macrofossils 

AMS14C 12 9.4–0 10–20 multi-proxy Ning et al., 2017 

22 Xihu 100.04 26.01 lake cellulose 
organic matter 

AMS14C 26 11.0–3.0 18 multi-proxy Xu et al., 2015 

23 Oman 59.48 21.55 sea core foraminifer AMS14C 14 9.0–6.0 20 SST Munz et al., 2017 
24 Arabian Sea 57.36 18.03 sea core foraminifer AMS14C 15 11.1–0 30 planktic 

foraminifer 
Gupta et al., 2005 

25 Hoti 57.21 23.05 cave speleothem U-TH 12 9.6–6.1 4 δ18O Neff et al., 2001 
26 Qunf 54.18 17.10 cave speleothem U-TH 18 10.3–0.4 4–5 δ18O Fleitmann et al., 

2003 
27 Mawmluh 91.52 25.15 cave speleothem U-TH 12 12.5–3.6 5 δ18O Berkelhammer 

et al., 2012 
28 Nordan’s Pond − 53.36 49.90 lake plant 

macrofossils 
AMS14C 10 8.5–0 ~100 composite proxy Hughes et al., 

2006 
29 Pink Panther − 105.17 32.08 cave speleothem U-TH 22 12.3–0 17 δ18O Asmerom et al., 

2007 
30 Oregon − 123.25 42.05 cave speleothem U-TH 29 13.0–0 3 δ18O Ersek et al., 2012 
31 Soledad Basin − 112.70 25.20 sea core foraminifer AMS14C 22 13.9–0 50 Mg/Ca Marchitto et al., 

2010 
32 Florida Straits − 83.13 24.24 sea core foraminifer AMS14C 7 10.5–1.5 25 planktic 

foraminifera 
Schmidt et al., 
2012 

33 Botuverá − 49.09 − 27.13 cave speleothem U-TH 13 9.0–0 sub-annual δ18O Bernal et al., 2016 
34 Lapa Grande − 44.21 − 14.25 cave speleothem U-TH 24 10.2–1.3 10 δ18O Stríkis et al., 2011 
35 Titicaca − 69.26 − 15.57 lake organic matter AMS14C 9 13.0–1.0 45 δ13C Baker et al., 2005 
36 El Junco Lake − 91.00 − 0.30 lake organic matter AMS14C 21 9.0–0.0 5–50 botryococcenes Zhang et al., 2014 
37 North Atlantic − 14.43 55.28 sea core foraminifer AMS14C 59 12.0–0 40 hematite-stained 

grains 
Bond et al., 2001 

38 Tsuolbmajavri 22.05 68.41 lake plant 
macrofossils 

AMS14C 14 13.0–1.0 50–70 diatom Korhola et al., 
2000 

39 Nordic Seas − 17.57 66.59 sea core foraminifer AMS14C 10 10.2–0 80 alkenone Bendle and 
Rosell-Mele, 2007 

40 Suminko 17.47 54.11 lake plant 
macrofossils 

AMS14C 13 13.0–0 90 pollen/ 
geochemistry 

Pędziszewska 
et al., 2015 

41 Citelle 5.12 45.41 lake charcoal AMS14C 23 8.5–7.0 50 geochemistry Berger et al., 2016 
42 Accesa 10.53 42.59 lake plant 

macrofossils/ 
tephra layer 

AMS14C 17 12.0–0 50 sedimentological 
analyses 

Magny et al., 
2007 

43 Nova Grgosova 15.40 45.49 cave speleothem U-TH 28 10.0–0 21 δ18O, δ13C Surić et al., 2021 
44 Lago Preola 12.38 37.37 lake peat AMS14C 8 11.0–0 64 sedimentological 

analyses 
Magny et al., 
2011 

45 Padul − 3.36 37.00 lake plant remains AMS14C 17 11.6–0 65 pollen Ramos-Román 
et al., 2018 

(continued on next page) 
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Holocene, provide excellent information about past climate change. For 
the region of Asia, one area with a relatively high concentration of sites 
is associated with China, which boasts the highest density of speleothem 
studies. In southern China, a δ18O record at 5-year sampling resolutions. 

from an absolutely-dated speleothem from Dongge Cave shows a 
century-scale sharp monsoon anomaly centered at 7.2 ka BP (Wang 
et al., 2005; Fig. 2a). Similarly, a multi-proxy speleothem record of δ13C 
and trace elements from Shuiming Cave, southwest China, also reveals a 
weak summer monsoon during the period of 7.3–7.1 ka BP (Feng et al., 

2019). In central China, a speleothem record with a temporal resolution 
of 2 to 6 years from Qingtian Cave reveals a very fast onset event, evi-
denced by a marked anomaly in oxygen-isotopic composition between 
7.4 and 7.2 ka BP (Liu et al., 2015; Fig. 2b). In northern China, a δ18O 
record at a 4-year resolution from a precisely-dated speleothem from 
Magou Cave shows two century-scale sharp anomalies centered at 7.35 
ka BP and 7.08 ka BP, respectively (Cai et al., 2021; Fig. 2c). Further 
west, on the Tibetan Plateau, a δ18O record at a 3-to-7-year resolution 
from a precisely-dated speleothem from Tianmen Cave indicates a 

Table 1 (continued ) 

No. Site Longitude Latitude Archive Dating material Dating 
method 

No. 
of 
dates 

Time 
interval 
(ka BP) 

Resolution 
(yr) 

Proxy Reference 

46 Grotta di 
Carburangeli 

13.16 38.17 cave speleothem U-TH 11 9.9–1.0 4 δ18O Frisia et al., 2006 

47 Jeita 35.39 33.57 cave speleothem U-TH 63 20.0–0 7 δ18O, δ13C, Sr/Ca Cheng et al., 2015 
48 Adriatic Sea 17.37 41.17 sea core foraminifera AMS14C 10 11.5–0 40 δ18O Siani et al., 2013 
49 MD04-2797CQ 11.40 36.57 sea core foraminifer AMS14C 13 18.0–2.0 less 100 pollen Desprat et al., 

2013 
50 MD95–2043 − 2.37 36.90 sea core foraminifera AMS14C 9 11.7–1.3 100 pollen Fletcher et al., 

2012 
51 MS27PT 29.27 31.47 sea core foraminifera AMS14C 9 10.0–0.0 100 geochemistry/ 

grain-size 
Revel et al., 2010 

52 SL112 34.39 32.44 sea core foraminifera AMS14C 4 12.0–4.0 100 Ba/Ca Weldeab et al., 
2014 

53 Sidi Ali − 5.00 33.03 lake plant 
macrofossils/ 
pollen 

AMS14C 26 12.0–0 80 geochemistry Zielhofer et al., 
2017a 

54 Kilimanjaro 37.21 − 3.04 ice core ice Model – 11.7–0 50 dust flux Thompson et al., 
2002 

55 GISP2 − 38.50 72.60 ice core ice Layer 
counting 

– 10.0–0 20, 0.5–2.5 δ18O, Na+, K+, 
Ca2+

Mayewski et al., 
1997 Stuiver 
et al., 1997 

56 GRIP − 37.64 72.59 ice core ice Layer 
counting 

– 11.7–0 20, 85 δ18O, CH4 Vinther et al., 
2006 Blunier 
et al., 1995 

57 NGRIP − 42.32 75.10 ice core ice Layer 
counting 

– 16.5–0 20 δ18O Rasmussen et al., 
2008 

58 Taylor Dome 158.43 − 77.47 ice core ice Model – 11.0–0 10 δ18O Steig et al., 2000  

Fig. 1. Map of the site locations reviewed. The different shapes represent different types of paleoclimatic archives (stars: marine sediments; circles: lake sediments; 
triangles: speleothems; diamonds: ice cores; circle+dot: loess section). 
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prominent oxygen-isotopic shift to positive values centered at 7.3 ka BP 
(Cai et al., 2012; Fig. 2d). The δ18O value shift in these speleothem re-
cords reflects a weaker East Asian summer monsoon between 7.6 and 
7.0 ka BP. In arid Central Asia, dominated by westerly circulation, a 
δ18O record at a 23 year resolution from a precisely dated speleothem 
from Baluk Cave in Xinjiang Province also indicates abrupt hydro-
climatic shifts during 7.6–7.1 ka BP (Liu et al., 2019; Fig. 2e). 

Additional evidence for a weakened summer monsoon is also 
apparent in lacustrine records. At Qinghai Lake, the monsoon indices 
derived from the CaCO3 content and total organic carbon reveals 
monsoon intensity decrease at 7.3 ka BP (An et al., 2012; Fig. 3a). Multi- 
proxy inferred precipitation records from nearby Dulan loess section 
also show a period of low rainfall between 7.5 and 7.0 ka BP (Li et al., 
2021b; Fig. 3b). Pronounced declines in the Rb/Sr ratio in the sediment 
from the Dadiwan section are assumed to reflect a weak summer 
monsoon interval around 7.3 ka BP (Liu et al., 2020b; Fig. 3d). A 
declining monsoon leads to a fundamental environmental shift. Base on 
pollen in two cores from Bohai Bay, Zhao et al. (2021) find the pro-
nounced low percentage of broadleaved trees at 7.6–7.2 ka BP. Addi-
tionally, recent analyses of phytolith records in the Lower Yangtze 
indicate a short-lived intervals of bamboo decline at 7.3 ka BP (Zuo 
et al., 2021). Farther south, the magnitude of this environmental change 
is mirrored in the Wangdongyang Peat in southeast China, as evidenced 
by reductions in the forest cover and sediment particle sizes from 7.5 to 
7.2 ka BP (Zhao et al., 2022; Fig. 3e). 

Several quantitative reconstructions of temperature are made 
covering the interval of 7.6–7.0 ka BP in East Asia. Collectively these 
records show strong evidence for pronouncedly reduced temperature. At 
the present marginal zone of the East Asian summer monsoon, robust 
quantitative estimates of the Holocene climate using a pollen-based 

model indicate a sharp cooling of roughly 2 ◦C in inferred July tem-
perature at 7.6 and 7.4 ka BP (Xu et al., 2003; Fig. 3f). Two records from 
the Yellow Sea include UK’

37-inferred temperatures (Nan et al., 2017; 
Fig. 3g) and TEXL

86-inferred temperatures (Li et al., 2021a; Fig. 3h), both 
of which reveal a cooling event at 7.2 ka BP and 7.6–7.3 ka BP, 
respectively. In the interior of China, negative excursions in peat 
α-cellulose δ13O from the Altai Mountains are interpreted as resultant 
from relatively cold conditions at 7.15–7.05 ka BP (Huang et al., 2020; 
Fig. 3c). 

The marine records from the Okinawa Trough are particularly 
interesting because they are influenced by the East Asian monsoon 
system, cold coastal waters, and sea-level changes. Several studies 
reconstruct sea surface temperature (SST) in the Okinawa Trough. In the 
northern Okinawa Trough, reconstructions of SST changes from Mg/Ca 
records (Kubota et al., 2010; Fig. 3i) suggest a cold event featuring re-
ductions in the summer SST between 7.2 and 7.0 ka BP. Similarly, the 
δ18O of planktonic foraminifers G. ruber from a marine sediment in the 
central Okinawa Trough suggests a cool event at 7.3 ka BP (Xiang et al., 
2007). Another core in the central Okinawa Trough, a tetraether- 
inferred temperature reconstruction indicates a progressive cooling of 
5 ◦C centered at 7.3 ka BP (Liu et al., 2020a). In the southern Okinawa 
Trough, the UK’

37 and TEXH
86-based temperature reconstruction suggests 

an overall decline of 3 ◦C and 3–14 ◦C, respectively (Xu et al., 2018; 
Fig. 3j). This cold event could be caused by an abrupt decrease in the 
strength of the Kuroshio Current, a signal that is recently discovered in 
sediment from the northern Okinawa Trough (Zheng et al., 2016). 

Interestingly, the Kikai Akahoya (K-Ah) Ash dated at 7.3 ka BP 
(Smith et al., 2013) is detected in the majority of cores from the Okinawa 
Trough, indicating great potential of a volcanic eruption synchronizing 
these events. 

Fig. 2. Proxy time series for speleothem records from the East Asian summer monsoon domain. (a) Speleothem δ18O for Dongge Cave, southern China (Wang et al., 
2005); (b) Speleothem δ18O for Qingtian Cave, central China (Liu et al., 2015); (c) Speleothem δ18O for Magou Cave, central China (Cai et al., 2021); (d) Speleothem 
δ18O for Tianmen Cave, southern Tibetan Plateau (Cai et al., 2012); (e) Speleothem δ18O for Baluk Cave, northwestern China (Liu et al., 2019). 
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Farther south, a climate shift that characterizes the event is clearly 
identified on the Leizhou Peninsula in South China Sea, where an 
annually resolved Sr/Ca-based temperature reconstruction from a 
Goniopora reef profile suggests a winter temperature 2–3 ◦C colder than 
present between 7.5 and 7.0 ka BP (Yu et al., 2004). This result is 
strongly supported by microstructural examination of the Goniopora 
skeletons, which reveals at least nine massive, abrupt Goniopora mor-
tality events resulting from winter cooling. 

A broad Holocene monsoon minimum between 7.6 and 7.0 ka BP is 
also found in the Indian Summer Monsoon (ISM) domain. The well- 
dated, high-resolution geochemical and grain-size data from Lake 
Ximenglongtan, southwestern China, show a pronounced and prolonged 
drought interval between 7.6 and 7.0 ka BP (Ning et al., 2017). Another 
site in southwestern China records increases in bulk density, magnetic 
susceptibility, and carbonate fraction, indicating decreasing monsoon 
intensity at 7.5–7.1 ka BP (Xu et al., 2015). The most important records 

are perhaps those from offshore Oman. In the northern Oman margin, 
consistently low Mg/Ca-based and assemblage-based SST of G. bulloides 
suggest that ISM intensity is weaker at 7.6–7.4 ka BP (Munz et al., 2017; 
Fig. 4a). Another marine sediment core in the Oman records a distinct 
low percentage concentrations of fossil shells of the planktic foraminifer 
G. bulloides between 7.5 and 7.3 ka BP (Fig. 4b), indicative of a summer 
monsoon minimum (Gupta et al., 2005). These data parallel the short- 
term variations of the speleothem δ18O record at near-by Hoti Cave 
(Fig. 4d), which indicates a decrease in rainfall at 7.5–7.2 ka BP (Neff 
et al., 2001), whereas a gradual increase in oxygen isotopes of a spe-
leothem from Qunf Cave in southern Oman indicates the development of 
drier conditions after 7.5 ka BP under a weakening of the summer 
monsoon (Fleitmann et al., 2003; Fig. 4c). To the east, the highly 
resolved speleothem δ18O data of Berkelhammer et al. (2012) from the 
Mawmluh Cave in northeastern India show a prominent shift to heavier 
values, indicating a monsoon reduction between 7.3 and 7.0 ka BP 

Fig. 3. Proxy time series for other records from the 
East Asian summer monsoon domain. (a) A composite 
summer monsoon index for Qinghai Lake, north-
eastern Tibetan Plateau (An et al., 2012); (b) Mag-
netic susceptibility for Dulan loess, northeastern 
Tibetan Plateau (Li et al., 2021b); (c) α cellulose δ13C 
for a peat from Altai Mountains, northwest China 
(Huang et al., 2020); (d) Rb/Sr for Dadiwan, western 
Chinese Loess Plateau (Liu et al., 2020b); (e) Particle 
sizes for Wudongyang peat, southeast China (Zhao 
et al., 2022); (f) A July temperature reconstruction for 
Daihai Lake, northern China (Xu et al., 2003); (g) Sea 
surface temperature (SST) from UK’

37 for core B–Y14, 
Yellow Sea (Nan et al., 2017); (h) Bottom water 
temperature (BWT) form TEXL

86 for core A03-B, Yel-
low Sea (Li et al., 2021a); (i) SST from Mg/Ca for core 
KY07–04-01, northern Okinawa Trough (Kubota 
et al., 2010); (j) SST from TEXH

86 (blue) and UK’
37 

(black) for core OKI-151, southern Okinawa Trough 
(Xu et al., 2018). (For interpretation of the references 
to colour in this figure legend, the reader is referred to 
the web version of this article.)   
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(Fig. 4e). 
In summary, multiple paleoclimatic records across Asian show a 

climate event at 7.6–7.0 ka BP. It is marked by lowered temperature and 
weakened summer monsoon, which results in cold and dry conditions in 
much of this continent. 

3.2. The Americas 

In the northeast of North America, Hughes et al. (2006) analysis of 
plant macrofossils, testate amoebae, and peat humification in a peat 
profile from eastern Newfoundland, Canada, suggest colder and wetter 
conditions between 7.6 and 7.0 ka BP (Fig. 5a). Viau et al. (2006) 
complete an important reconstruction of July temperature from 752 
fossil pollen records distributed across North America by using the 
modern analog technique, which reveals a cold interval centered at 7.5 
ka BP. Mountain glaciers are sensitive indicators of environmental 
change and are likely to provide additional support for cooler temper-
atures. Menounos et al. (2009) summarize multi-proxy evidence of 
Holocene glacial fluctuations in the Canadian Cordillera and identify a 
glacial advance between 7.4 and 7.0 ka BP, which Ryder and Thomson 
(1986) refer to as the “Garibaldi Phase”. Farther to the south, Asmerom 
et al. (2007) note prominent negative δ18O excursions of a speleothem 
from the Pink Panther Cave in New Mexico, United States, possibly 
suggesting a strong increase in precipitation from 7.3 to 7.0 ka BP 
(Fig. 5b). 

A study by Ersek et al. (2012) reconstructs Holocene climate vari-
ability using a high-resolution speleothem record from a cave in Oregon, 
United States. Significant anomalies in the oxygen and carbon isotopes 
at 7.4 ka BP (Fig. 5c) are interpreted as representative of dry conditions. 
Farther to the south, in the Soledad Basin, which is located off the west 
coast of Baja California Sur, Marchitto et al. (2010) provide a high- 

resolution Mg/Ca-based reconstruction of the SST to report five cold 
intervals between ~11 and 7 ka BP (Fig. 5d). One of these cold intervals 
occurs between 7.2 and 7.0 ka BP when increased oxygen isotope values 
appear in the Dongge Cave (Wang et al., 2005) and Hoti Cave (Neff et al., 
2001), and increased IRD in the North Atlantic (Bond et al., 2001). In a 
high-time-resolution marine-sediment core from the Florida Straits, 
Schmidt et al. (2012) identify a period of increased sea surface salinity at 
7.6 to 7.4 ka BP based on δ18O of Globigerinoides ruber (Fig. 5e), which is 
associated with increased evaporation/precipitation ratios due to more 
arid conditions. The periods of climate anomalies developed are possibly 
related with the development of El Niño-like conditions in the eastern 
equatorial Pacific. 

Paleoclimate records covering the interval of interest are relatively 
rare in the South American monsoon sector. Nevertheless, available 
speleothem and lake records suggest an intensification of monsoon 
precipitation from 7.6 to 7.0 ka BP. Bernal et al. (2016) present evi-
dence, on the basis of the decreased Sr/Ca ratios of a speleothem from 
Botuverá Cave in southeastern Brazil, for increased precipitation 
centered at 7.2 ka BP (Fig. 5f). Similarly, Stríkis et al. (2011) find an 
anomaly in the oxygen-isotopic composition of a speleothem of about 1 
per mil toward negative values in the Lapa Grande Cave in central- 
eastern Brazil, which is thought to be coincident with an increase in 
rainfall around 7.5–7.3 ka BP (Fig. 5g). Further west, Baker et al. (2005) 
use the carbon-isotopic composition of bulk organic matter to infer a 
high level of Lake Titicaca from 7.5 to 7.0 cal BP. Abrupt increases in 
South American monsoon are possibly associated with change in the 
behavior of El Niño-like conditions. A sediment core from El Junco Lake 
situated in the Galápagos Islands indicates a clear increase in El Niño 
activity between 7.6 and 7.4 ka BP (Zhang et al., 2014). Further south in 
southernmost South America, however, Pérez-Rodríguez et al. (2016) 
notes low Zr accumulation rates in sediment from Lago Hambre, 

Fig. 4. Proxy time series for the South Asian 
summer monsoon domain. (a) Reconstructed SST 
from the Mg/Ca ratio of G. bulloides for core 
MC681, northern Oman (Munz et al., 2017); (b) 
Percentage of Globigerina bulloides for core 723A, 
northern Oman (Gupta et al., 2005); (c) Speleo-
them δ18O for Qunf Cave, southern Oman (Fleit-
mann et al., 2003); (d) Speleothem δ18O for Hoti 
Cave, northern Oman (Neff et al., 2001); (e) Spe-
leothem δ18O for Mawmluh Cave, northeastern 
India (Berkelhammer et al., 2012).   
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indicating relatively dry conditions centered at 7.2 ka BP. In the same 
region, Menounos et al. (2013) combine AMS14C dating of several leaves 
between two moraines with the age of Hudson tephra beyond the mo-
raines to demonstrate a mountain glacial advance at that time. 

Generally, climate anomalies associated with the 7.2 ka BP event 
show dry conditions across western, equatorial Pacific and Atlantic of 
North America but increased precipitation in northeastern and south-
western America. The South America monsoon region experiences 
wetter conditions. 

3.3. Europe and the Mediterranean 

For this region, a particularly revealing case is portrayed by a high- 
resolution IRD record from North Atlantic sediment cores. The record 
documents nine peaked events in the IRD during the Holocene, one of 
which occurs between around 7.6 and 7.3 ka BP (Bond et al., 2001; 
Fig. 6a), which Gronenborn (2010) terms the “IRD 5b-event.” This result 
draws some support from a study of a sea core retrieved from the Faroe 
Islands that indicates a southward expansion of cold polar waters and 
drift ice into the North Atlantic at that time (Rasmussen and Thomsen, 

2010), which facilitate the deposition of IRD. A diatom-based calibra-
tion model established for northern Fennoscandia suggests reduced 
summer temperatures at 7.2 ka BP (Korhola et al., 2000; Fig. 6b). This 
reconstruction is further supported by alkenone-inferred temperatures 
on the North Icelandic Shelf that indicate a sharp decrease of 2 ◦C be-
tween 7.1 and 6.9 ka BP (Bendle and Rosell-Mele, 2007). The same 
cooling event is displayed in sediment from Lake Sumink in northern 
Poland, where geochemical, diatom, and pollen data indicate a summer 
temperature decline between 7.6 and 7.5 ka BP (Pędziszewska et al., 
2015). The occurrence of extended cold conditions may explain ad-
vances in mountain glaciers in Scandinavia centered roughly at 7.3 ka 
BP (Karlén, 1988; Nesje, 2009). 

Farther to the south on the Swiss Plateau, pollen data from Lake Lago 
Basso indicate a timberline depression between 7.5 and 7.2 ka BP caused 
by temperature cooling (Haas et al., 1998). The reduced temperatures 
producing low evaporation favor for wetter conditions. At the northern 
edge of the Mediterranean, a multi-proxy study from the Rhone catch-
ment area demonstrates the existence of a long tripartite rapid hydro-
logical change at 7.7–7.1 ka BP (Berger et al., 2016; Fig. 6c). Farther 
east, a high-resolution lake-level reconstruction at Lake Accesa, north- 

Fig. 5. Proxy time series for the Americas. (a) Com-
posite bog surface wetness (BSW) for Nordan’s Pond 
Bog, eastern Newfoundland (Hughes et al., 2006); (b) 
Speleothem δ18O for Pink Panther Cave, southwestern 
United States (Asmerom et al., 2007); (c) Speleothem 
δ18O for Oregon Cave, western United States (Ersek 
et al., 2012); (d) G. bulloides Mg/Ca for Soledad Basin 
(Marchitto et al., 2010); (e) Ice volume free G. ruber 
δ18OSW (δ18OIVF-SW) for the Florida Straits (Schmidt 
et al., 2012); (f) Speleothem Sr/Ca for Botuverá Cave, 
southeastern Brazil (Bernal et al., 2016); (g) Speleo-
them δ18O for Lapa Grande Cave, central-eastern 
Brazil (Stríkis et al., 2011). (For interpretation of 
the references to colour in this figure legend, the 
reader is referred to the web version of this article.)   

M. Hou et al.                                                                                                                                                                                                                                    



Palaeogeography, Palaeoclimatology, Palaeoecology 618 (2023) 111525

9

central Italy, using a range of sedimentological analyses and level in-
dicators shows a highstand around 7.3 ka BP (Magny et al., 2007; 
Fig. 6d). Other lakes in the region, such as Lake Ledro register a rising 
water level between 7.3 and 7.0 ka BP that coincides with a strong 
expansion of Abies pollen (Magny et al., 2012). This supports the earlier 
synthesis study of Magny (2004) who suggests a strong lake-level rise in 
central Europe between 7.5 and 7.0 ka BP. However, a prominent and 
abrupt increase of δ13C values is observed in a speleothem from Nova 
Grgosova Cave, consistent with a decrease in precipitation at about 7.4 

ka BP (Surić et al., 2021). 
In contrast to these data, there is clear proxy evidence of decreased 

moisture in the south Mediterranean from 7.6 to 7.0 ka BP. In the 
southern Iberian Peninsula, a decrease in percentages of evergreen tree 
pollen around 7.6–7.3 ka BP is recorded in sediment from Padul Lake, 
suggesting a cold and dry climate (Ramos-Román et al., 2018; Fig. 6e). 
Farther east, the sedimentological analyses from which lake levels can 
be inferred to register a sharp fall in water level between 7.5 and 7.3 ka 
BP at Lago Preola in southern Sicily, Italy (Magny et al., 2011). 

Fig. 6. Proxy time series for Europe, the Mediterra-
nean, and Africa. (a) Hematite-stained grains (HSG) 
from the North Atlantic (Bond et al., 2001); (b) 
Reconstructed mean July temperatures from Lake 
Tsuolbmajavri, northern Fennoscandia (Korhola 
et al., 2000); (c) Soil δ18O for Citelle Basin, southern 
France (Berger et al., 2016); (d) Lake-level recon-
struction from Lake Accesa, northern Italy (Magny 
et al., 2007); (e) Mediterranean forest percentages 
from Padul Lake, southern Spain (Ramos-Román 
et al., 2018); (f) Speleothem δ13C for Grotta di Car-
burangeli Cave, southern Italy (Frisia et al., 2006); (g) 
Speleothem δ18O for Jeita Cave, Lebanon (Cheng 
et al., 2015); (h) Tree pollen for core MD95–2043, 
western Mediterranean (Fletcher et al., 2012); (i) SST 
from oxygen isotope of G. bulloides for core 
MD90–917, Adriatic Sea (Siani et al., 2013); (j) 
Ostracod δ18O from Lake Sidi Ali, North African 
Middle Atlas (Zielhofer et al., 2017a).   
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Approximately 75 km northeast of Lago Preola, a Holocene climate 
reconstruction is made from Grotta di Carburangeli, where high spe-
leothem δ18O excursions point to cold and dry climate conditions at 
approximately 7.5 ka BP (Frisia et al., 2006; Fig. 6f). This environmental 
signal is similarly recorded in the eastern Mediterranean where spe-
leothem δ13C and δ18O data with a 7-year resolution from Jeita Cave in 
Lebanon show a prominent shift to higher values between 7.6 and 7.1 ka 
BP (Cheng et al., 2015; Fig. 6g). Taken with the records discussed above, 
the proxy evidence reveals a contrasting paleohydrological pattern be-
tween 7.6 and 7.0 ka BP in the Mediterranean. This pattern indicating 
inverse precipitation variability across the Mediterranean is also noted 
by Magny et al. (2013), who combine lacustrine and marine records 
from the central Mediterranean along a north–south transect. 

Several studies also reveal possible imprints of the 7.2 ka event in sea 
cores from the Mediterranean. A dry interval in core MD95–2043 
correlative with this event is indicated by the decreased forest pollen 
percentages between 7.6 and 7.4 ka BP (Fletcher et al., 2012; Fig. 6h). A 
marine pollen record from a core from the southern Central 

Mediterranean indicates noticeable changes in the herbaceous compo-
sition, as shown by an increase in Asteraceae at the expense of Cyper-
aceae between 7.3 and 7.0 ka BP (Desprat et al., 2013). A record of SST 
changes derived from the South Adriatic Sea indicates significant cool-
ing between 7.5 and 7.3 ka BP, according to an assumed calibration of 
planktonic foraminifera and an isotopic paleothermometer (Siani et al., 
2013; Fig. 6i). This dry and cold event is associated with the reactivation 
of the convective overturn and marked the end of sapropel S1 (Filippidi 
et al., 2016; Tesi et al., 2017). 

Overall, there is clear evidence for a climate signal of the 7.2 ka BP 
event in north-central Europe, marked in general by cooling and in-
crease in precipitation. A contrasting paleohydrological pattern occurs 
in the Mediterranean characterized by northern wetting and southern 
drying conditions. 

3.4. Africa 

Several studies have described palaeohydrological fluctuations of 

Fig. 7. Proxy time series for ice cores. (a) Dust flux 
for Mt. Kilimanjaro ice core (Thompson et al., 2002); 
(b) δ18O for GISP2 (Stuiver et al., 1997). (c) Recon-
structed temperature from argon and nitrogen iso-
topes for GISP2 (Kobashi et al., 2017); (d) δ18O for 
GRIP (Vinther et al., 2006); (e) δ18O for NGRIP 
(Rasmussen et al., 2008); (f) δ18O for Taylor Dome 
(Steig et al., 2000); (g) Smoothed (100 yr) Na+ for 
GISP2 (Mayewski et al., 1997); (h) Smoothed (100 yr) 
Ca+ for GISP2 (Mayewski et al., 1997); (i) CH4 for 
GRIP (Blunier et al., 1995).   
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North East Africa in the past. A high-resolution, multi-proxy analysis of 
sediments from the Nile margin indicates a decrease in Nile River 
contribution and an increase in aeolian Saharan contribution at 
approximately 7.5 ka BP (Revel et al., 2010). Planktonic foraminiferal 
Ba/Ca time series from the eastern Mediterranean Sea similarly reveals a 
remarkably gradual transition to a relatively low Nile River runoff after 
7.5 ka BP (Weldeab et al., 2014). The Nile River discharge is fed by river 
flow from the Ethiopian Plateau, whose reduction is a direct marker of 
reduced rainfall in the Highlands, which is associated with the restricted 
southward migration of the Intertropical Convergence Zone. To the 
west, in the North African Middle Atlas range, proxy studies of litho-
genic grain sizes and geochemistry on a 26 AMS14C dates-constrained 
core from Lake Sidi Ali, indicate an enhanced Saharan dust supply 
into the lake at 7.3 ka BP (Zielhofer et al., 2017b). These proxies display 
similarities with the stable isotopes of ostracod shells in the same lake, 
indicating decreases in western Mediterranean winter rain (Zielhofer 
et al., 2017a; Fig. 6j). The isotopic and geochemical analyses of core 
ODP 658C retrieved on the continental slope off Northwest Africa also 
suggest that large amounts of aeolian dust are deflated from the Sahara 
to the eastern Atlantic between 7.5 and 7.0 ka BP (Cole et al., 2009). 
These data are paralleled by a high-altitude ice core record from Mt. 
Kilimanjaro, which reveals a peak in the aeolian dust precisely dated to 
7.6–7.5 ka BP that is clearly deposited during an extremely arid period 
(Thompson et al., 2002; Fig. 7a). 

Overall, the available proxy evidence in Africa suggests that an arid 
episode from 7.6 to 7.0 ka BP occurs midway through a prolonged 
humid period that begin in the early Holocene. 

3.5. Polar regions 

High-time-resolution and high-quality ice core records from the 
polar regions provide compelling evidence for 7.2 ka BP climate event. 
The most important climate signal is the occurrence of extreme values in 
the δ18O of Greenland Ice Sheet Project 2 (GISP2) ice core, indicative of 
an air temperature trough during the period of 7.6–7.0 ka BP (Stuiver 
et al., 1997; Fig. 7b). Similarly, δ18O from Greenland Ice Core Project 
(GRIP) and North Greenland Ice Core Project (NGRIP) ice cores also 
indicate of an air temperature trough (Vinther et al., 2006; Rasmussen 
et al., 2008; Fig. 7d and e). Recently, argon and nitrogen isotopes of 
trapped air in the GISP2 ice core are used to reconstruct Holocene 
temperatures and indicate colder climate conditions during this time 
period (Kobashi et al., 2017; Fig. 7c). Evidence also exists for colder 
temperatures in Antarctica, as evidenced by δ18O values in the Taylor 
Dome (Steig et al., 2000; Fig. 7f). 

Furthermore, signs of climate anomalies reflecting environmental 
conditions in other regions are often indicated in the polar ice core re-
cords. For example, sharp anomalies in major ion concentrations from 
the GISP2 ice core demonstrate a considerable change in atmospheric 
circulation during the period of 7.6–7.0 ka BP. Among these anomalies 
are increased levels of Na+ and Ca2+ (Fig. 7g and h). These ions are 
caused by an expansion of the northern polar vortex, strengthening of 
the Siberian high, and intensification of the northern westerlies, which 
results in increased atmospheric loading of aerosols from dust sources 
over the ice sheet (Mayewski et al., 1997). A proxy for the wetland 
extent, namely the CH4 concentration record derived from GRIP ice 
core, visually shows a reduction indicative of increased aridity of the 
tropical area between 7.4 and 7.3 ka BP (Blunier et al., 1995; Fig. 7i). 

These ice core records collectively show that climate conditions 
change near synchronously in the polar regions and far from them, 
demonstrating that a widespread event occurs. 

3.6. Summary 

The 7.2 ka event is recorded in the different types of paleoclimate 
proxies from Asia, the Americas, Europe and the Mediterranean, Africa, 
and the polar regions. In the Asian monsoon domain, speleothem δ18O 

and lacustrine proxy records show a summer monsoon reduction that is 
synchronous with a decline in temperature (Neff et al., 2001; Xu et al., 
2003; Yu et al., 2004; Wang et al., 2005; An et al., 2012; Cai et al., 2012). 
Recently, a review of high-resolution hydrological records identifies an 
abrupt weakening of the East Asian and Australian summer monsoons 
around 7.2 ka BP (Zhang et al., 2021). Conversely, in the South Amer-
ican monsoon region, speleothem δ18O records suggest an intensifica-
tion of monsoon precipitation (Stríkis et al., 2011; Bernal et al., 2016). In 
west-south North America, dry climate conditions are evident in spe-
leothem and sea cores records (Ersek et al., 2012; Schmidt et al., 2012). 
Changes in the amount of rainfall seen in proxy records from the several 
monsoon domains are manifested by a southward migration of the 
Intertropical Convergence Zone. In north-central Europe, an IRD spike 
(Bond et al., 2001), widespread mountain glacial advances (Karlén, 
1988) and higher lake levels (Magny, 2004) point to cold–wet climate 
conditions. A pattern of opposing hydrological variability is apparently 
across the Mediterranean. In Africa, proxy records show clear in-
dications of a dry interval, as evidenced by increased aeolian flux into 
the Atlantic coast of the Western Sahara and Kilimanjaro ice core 
(Thompson et al., 2002; Revel et al., 2010; Zielhofer et al., 2017a). In the 
polar regions, ice core records reveal intensified atmospheric circulation 
and generally lower temperatures (Mayewski et al., 1997; Stuiver et al., 
1997; Steig et al., 2000). 

We should stress that the strength of the climate signals tied to the 
7.2 ka event vary from being relatively complacent to dramatic. The 
signals include such phenomena as a summertime cooling of 2 ◦C that 
led to a fundamental vegetation shift within the Daihai Lake catchment 
(Xu et al., 2003), and the overcooling of SSTs to below 18 ◦C that results 
in at least nine abrupt massive mortality events in reef corals (Yu et al., 
2004). Our comparison among these records also indicates in-
consistencies among the dating and timing of these signals related to the 
7.2 ka event, but one should be cautious in ascribing too much signifi-
cance to these age differences. We must bear in mind that detecting a 
close correspondence in timing for possible anomalous events can be 
difficult because such events often last only a few centuries and are 
evidenced across many and variable proxy records from widely separate 
places. This difficulty is also due in part to the different sample resolu-
tions of the types of paleoclimate proxy records, which may range from 
several decades to several centuries. Each individual proxy record also 
contains dating error due to the methods of chronological determination 
and types of dating samples involved. In addition, the differences in the 
sensitivity of the climate proxies from record to record also explain why 
the signs, intensities, and timing of the 7.2 ka event can vary across 
different areas. As these inconsistencies are to be expected across mul-
tiple proxy records, we can thus still assert that the globally distributed 
signatures for climate change between 7.6 and 7.0 ka BP are sufficient to 
demonstrate an event with climate changes worldwide during this time 
period. 

We also need to consider why the 7.2 ka event receives relatively 
little attention compared with other Holocene climate events. First, the 
7.2 ka event occurs close in time to an 8.2 ka BP event. Fluctuations in 
proxy records occurring around 7.6–7.0 ka BP may be due to the effects 
of the terminating 8.2 ka BP event because of the relatively imprecise 
dating of early Holocene proxy data. Second, the magnitude of envi-
ronmental and climatic change around 7.6–7.0 ka BP is too slight to be 
easily observed in the geological record, because the 7.2 ka event occurs 
during the Holocene Climate Maximum. The relatively high precipita-
tion and temperature of this period could offset the cooling and drying 
impact of the 7.2 ka event. Third, not all the oscillations that apparently 
take place are visible in each of the available records: in many instances, 
this could be due to the fact that many records lack a sufficiently high 
time resolution and precise dating. 

4. Possible causes for the 7.2 ka event 

In order to get insight into the dynamics of the formation of the 7.2 
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ka event, the time series of the four most important climate forcing 
factors are represented in Fig. 8. In addition, the 7.2 ka event indicated 
in Fig. 2–7 is marked by cyan bar in Fig. 8. 

4.1. Summer insolation 

Although the 7.2 ka event on the multi-century timescale, it has been 
shown that the Holocene climate change is dominated by the influence 
of long-term trend change in summer insolation at the millennial 
timescale, which could impact on the occurrence of short-term climate 
events (Berger and Loutre, 1991; Wang et al., 2005). A prominent 
example of this control occurs during the early to mid-Holocene when 
higher-than-present Northern Hemisphere summer insolation render the 
North African monsoon strong enough to turn the Sahara Desert into a 
green and verdant landscape (deMenocal et al., 2000). High-resolution 
and absolute-dated speleothem δ18O records from the Asian monsoon 
domain and the South American monsoon domain also indicate that 
long-term histories of summer monsoon intensity are associated with 
summer insolation (Fleitmann et al., 2003; Wang et al., 2005; Bernal 
et al., 2016). As indicated in Fig. 8h, the period of 7.6–7.0 ka BP evi-
dences the gradual but the fastest decreasing rate of the annual Northern 
Hemisphere summer insolation (Berger and Loutre, 1991). Although 
progressive insolation changes alone are not likely to render such an 
abrupt climate change at 7.6–7.0 ka BP, paleoclimate modeling shows 
that subtle changes in insolation, aided by positive feedback from the 
atmosphere, ocean, sea ice, and vegetation, could produce significant 
climate shifts owing to the nonlinear reaction of the climate system 
(deMenocal et al., 2000). Studies indicate that the fastest rate of annual 

insolation decline during the 7.2 ka event also could promote a more 
unstable climate through rapidly changing thermal gradients at different 
latitudes (e.g. Zhao et al., 2010; Fig. 8g). 

4.2. Solar activity 

The second possible forcing factor is solar activity. The period of 
7.6–7.0 ka BP is characterized by a series of negative total solar irradi-
ance anomalies, generally larger than any others in the Holocene, as 
shown by the sharply high production of 14C and 10Be (Stuiver et al., 
1998; Steinhilber et al., 2009; Fig. 8e). The causal path linking solar 
activity to the climate change follows several ways. Firstly, the most 
obvious mechanism for solar activity on the climate involves the direct 
effect of the observed variation in total solar irradiance on heating the 
Earth system (Gray et al., 2010). Model studies (Haigh, 1996) imply that 
at times of reduced solar irradiance, the relatively large reduction in 
incoming ultraviolet radiation causes decreases in lower stratospheric 
ozone formation, thus cooling this layer differentially with respect to 
latitude. These changes in stratospheric ozone induce a dramatic reor-
ganization of tropospheric circulation patterns (Haigh, 1996). Secondly, 
the solar minimum also involves less heating of cloud-free areas of the 
subtropics, evaporating less moisture (Meehl et al., 2009). Thus, less 
moisture is carried by the trade winds to the convergence zones, where it 
would fuel intensification of the Hadley and Walker circulations. The 
two mechanisms act together to result in a southward migration of the 
Intertropical Convergence Zone and an increasingly El Niño-like state, 
generating widespread climate variability on centennial to millennial 
timescales (Haigh, 1996). During 7.6–7.0 ka BP, the close 

Fig. 8. Time series for climate-forcing. (a) The Laurentide Ice 
Sheet area (Dyke et al., 2003). (b) The Laurentide Ice Sheet 
sea-level contribution (Carlson et al., 2008). (c) Sea-level 
reconstruction for southeast Sweden (Yu et al., 2007). (d) 
Sea-level reconstruction for Singapore (Bird et al., 2007). (e) 
Total solar irradiance based on 10Be, 14C in tree rings and polar 
ice cores (Steinhilber et al., 2009). (f) The rate of change in 
annual insolation (Zhao et al., 2010). (g) Summer insolation at 
60◦N (Berger and Loutre, 1991). (h) SO4 residuals for the 
GISP2 (Zielinski et al., 1996).   
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correspondence in timing of solar irradiance minima, positive speleo-
them δ18O values in the Asian monsoon domain (Neff et al., 2001; Gupta 
et al., 2005; Wang et al., 2005; Cai et al., 2012), and negative speleo-
them δ18O values in the South America monsoon region (Stríkis et al., 
2011) supports the proposed relationship between solar forcing and 
climate change. Note that a southward migration of the Intertropical 
Convergence Zone cannot account for wet conditions in the North 
American monsoon region during 7.6–7.0 ka BP that are indicated by the 
speleothem δ18O records from the southwestern United States (Asmerom 
et al., 2007). Asmerom et al. (2007) suggest that solar variability affects 
rainfall in the Asian monsoon region and the southwest in opposite ways 
through changes in climate systems of the tropical Pacific Ocean. 

Additionally, the relationship between nuclide production rates (14C 
and 10Be) and drift ice deposition recorded in North Atlantic sediments 
leads to the suggestion that a significant part of the centennial- to 
millennial-scale climate variability during the Holocene is driven by 
solar forcing (Bond et al., 2001; Renssen et al., 2006). In fact, Goosse 
et al. (2002) suggest that variations in solar irradiance may trigger a 
reduction in North Atlantic Deep Water production resulting in climate 
anomalies quite similar in magnitude, duration, and spatial pattern to 
those due to freshwater forcing (Haug et al., 2001; Zhang and Delworth, 
2005; Stríkis et al., 2011; Liu et al., 2013). Evidence that the interval of 
increased IRD in the North Atlantic (Bond et al., 2001) coincide with 
these episodes of increased sea surface salinity in the Florida Straits 
(Schmidt et al., 2012), strong lake-level rises in central Europe (Magny, 
2004), positive speleothem δ18O values in the Asian monsoon domain 
(Neff et al., 2001; Gupta et al., 2005; Wang et al., 2005; Cai et al., 2012), 
negative speleothem δ18O values in the South American monsoon region 
(Stríkis et al., 2011), and decreased winter precipitation in northwest 
Africa (Zielhofer et al., 2017a) supports a strong coupling between 
North Atlantic cooling and the global climate. 

4.3. Volcanic eruption 

Another possible external forcing responsible for sharp anomalies 
between 7.6 and 7.0 ka BP is volcanic eruption. Large volcanic eruptions 
are well known to inject sulfur dioxide into the lower stratosphere, 
which forms sulfate-containing aerosol particles that affect both short-
wave and longwave radiation (Zielinski et al., 1996; Robock, 2000). The 
disturbance to the radiation produces cooling at the surface but heating 
in the stratosphere (Robock, 2000). The dynamic response to the 
stratospheric heating would perturb the atmospheric circulation 
(Fischer et al., 2007; Ridley et al., 2015). Observations of significant 
continental-scale summer cooling over Europe occurring during the year 
of historically-recorded volcanic eruptions and persisting for 1–2 more 
years support this hypothesis (Fischer et al., 2007). In addition to tem-
perature changes, studies suggest that after large volcanic eruptions in 
the tropics, precipitation apparently changes because of a positive phase 
of the North Atlantic Oscillation (NAO) (Fischer et al., 2007) and the 
southward migration of the Intertropical Convergence Zone (Ridley 
et al., 2015). While the lasting influence on the regional climate clearly 
outlives the short residence time of stratospheric sulfate aerosols from a 
single eruption, recent climate model simulations indicate this effect 
lasts longer, with a single large volcanic eruption able to induce rapid 
atmospheric and ocean surface cooling that persist approximately 16 
years (Kobashi et al., 2017). Furthermore, a series of large volcanic 
eruptions even could induce decadal to centennial low temperatures at 
high northern latitudes owing to sea ice and ocean feedback (Miller 
et al., 2012; Sigl et al., 2015). 

Coincident with the timing of the climate shift of the 7.2 ka event was 
the large eruption of Mount Mazama, which deposited ash in GISP2 ice 
core precisely dated to 7627 ± 150 BP. Zdanowicz et al. (1999) sug-
gested that this eruption led to a total stratospheric aerosol loading of 
between 88 and 224 Mt. and produced a temperature depression of ~0.6 
to 0.7 ◦C at mid to high northern latitudes for 1–3 years. These results 
indicate that the eruption is one of the most climatically significant 

volcanic events of the Holocene in the Northern Hemisphere, and it may 
have led to substantial stratospheric ozone depletion. The other signif-
icant volcanic eruption, known as the K-Ah (VEI = 7.2), has been pre-
cisely constrained to 7303–7165 BP (Smith et al., 2013). It produced one 
of the most widespread Holocene tephras in East Asia, dispersing a bulk 
volume of 170 km3 ash over an extensive lobe with an axis length of 
1300 km, mantling an area from southern to central Japan and the 
adjacent seas (Machida, 1999). As suggested by Fig. 8i, the high number 
of volcanic eruptions likely occurred between 7.6 and 7.0 ka BP. This 
could have triggered to the widespread cooling, weaker Asian summer 
monsoon, stronger South American summer monsoon, and wetter con-
ditions in north-central Europe, as observed in proxy records (Man et al., 
2014; Zhao et al., 2015; Xu et al., 2018). 

4.4. Laurentide Ice Sheet retreat 

Lastly, the retreat of the Laurentide Ice Sheet (LIS) could also act as a 
possible causal factor. Carlson et al. (2008) use a rich data set of 
radiocarbon dates and 10Be ages to infer a retreat of the Laurentide Ice 
Sheet between 7.6 and 7.0 ka BP. This is supported by geologic evidence 
from the Labrador Sea that suggest an accelerated Laurentide Ice Sheet 
retreat between 7.6 and 7.0 ka BP (Dyke et al., 2003; Fig. 8a). Likewise, 
Ullman et al. (2016) find that the dominant loss of the Laurentide Ice 
Sheet volume leads to the separation of the Labrador Dome into two 
domes by 7.6 ka BP. This recession leads to the formation of numerous 
glacial lakes, which drain in approximately 16 meltwater pulses with 
fluxes exceeding 0.015 Sv into the ocean (Jansson and Kleman, 2004). 

The global sea-level rise at that time demonstrates frequent melt-
water discharge and sudden increase in ocean mass. For example, a 
rapid sea-level rise of ~4.5 m is found at 7.6 ka BP by dating the 
transgression and regression in marginal basins of the southeastern 
Swedish Baltic Sea (Yu et al., 2007; Fig. 8c). Carlson et al. (2008) esti-
mate sea level rise at an average rate of about 0.7 cm yr− 1 between 7.6 
and 7.0 ka BP (Fig. 8b). The Black Sea is reconnected with the global 
ocean between 7.5 and 7.0 ka BP, providing indirect proof of the rapid 
sea-level rises (Herrle et al., 2018). Recent work from the Po Delta in-
dicates a sharply transgressive phase starting at 7.7 ka BP (Amorosi 
et al., 2017; Bruno et al., 2017). This rapid sea-level rise is also identified 
in regions remote from the ice-loading effects. A pollen record from the 
northwest coast of Bohai Bay, northern China, suggests that a large 
number of halophytes, mainly Chenopodiaceae, sharply increase at 
7560–7460 BP (Zhao et al., 2021), mirroring sea level rise (Xu et al., 
2020). Analyses of the internal structure of the Yellow River delta and its 
submarine Holocene equivalents indicate a rapid sea-level rise of 2–3 m 
at approximately 7.0 ka BP that pushes the shoreline 200 km westward 
(Liu et al., 2004). Farther south, pollen, algal, fungal spore, and micro- 
charcoal data from the Neolithic Kuahuqiao site in the Lower Yangtze 
River indicate a rapid sea-level rise at 7.5 ka BP, inducing a marine 
transgression that inundates the site region, leading to the stoppage of 
early rice cultivation and abandonment of the site (Zong et al., 2007). 
This hypothesis seems to be confirmed by a recent study from the same 
area, which uses a rich data set of radiocarbon dates to reveal a sea-level 
rise of 2 m from 7.4 to 7.2 ka BP (Wang et al., 2012). The sea-level jump 
seems to coincide with the accelerated rise in the Hangzhou Bay (Xiong 
et al., 2020; Lyu et al., 2021) and widespread marine flooding across the 
Lake Taihu region (Zong et al., 2012). In Singapore, combining a high- 
resolution sea-level curve derived from 50 dates with the sedimentation 
rate, organic δ13C, and foraminiferal δ13C indicates a sea-level rise of 
3–5 m from 7.5 to 7.0 ka BP (Bird et al., 2007, 2010; Fig. 8d). A thick 
mangrove peat widely deposited over the Cambodian Mekong River 
lowlands is associated with the sea level rise at 7.5–7.0 ka BP (Tamura 
et al., 2009). In the Caribbean–Atlantic region, a study of the elevations 
and ages of drowned Acropora palmata reefs documents a catastrophic, 
meter-scale sea-level rise dated to 7.6 ka BP (Blanchon and Shaw, 1995; 
Blanchon et al., 2002). 

Such a massive freshwater release influences sea water salinity and 
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density, which suppresses North Atlantic Deep Water convection and 
slows the Atlantic Meridional Overturning Circulation (AMOC) 
(Törnqvist and Hijma, 2012). In a core from the continental slope off 
northeastern Brazil, Arz et al. (2001) examine Ca intensities and the 
degree of preservation of the aragonitic shells of Limacina inflata, which 
are linked to the bottom-water corrosiveness, to infer a short-lived 
weakening of AMOC between 7.6 and 7.0 ka BP (Bakker et al., 2017). 
The universal climate anomaly modeled in response to the reduced 
AMOC is the cooling over the North Atlantic, which result in an 
increased latitudinal temperature gradient in favor of the development 
of stronger westerlies (Davis and Brewer, 2009). Strong westerlies 
would result in a northward shift of Atlantic storm tracks and higher 
precipitation over the northern latitudes of the eastern North Atlantic 
region, in contrast to reduced moisture penetration into the southern 
region (Fletcher et al., 2012; Magny et al., 2013). Convincing support for 
this interpretation is found in plentiful proxy records indicating a 
pattern of opposing precipitation variability, with dry conditions in the 
southwestern Mediterranean (Magny et al., 2011; Desprat et al., 2013; 
Fletcher et al., 2012) and wetter conditions over north-central Europe 
and in the northern Mediterranean between 7.6 and 7.0 ka BP (Haas 
et al., 1998; Magny, 2004; Magny et al., 2007). Other modeled changes 
include a southward migration of the Intertropical Convergence Zone, 
an increasingly El Niño-like state, and cooler temperatures throughout 
much of the northern hemisphere (Zhang and Delworth, 2005; Stríkis 
et al., 2011; Sun et al., 2011). 

Overall, it is apparent that southward migration of the Intertropical 
Convergence Zone, onset of an increasingly El Niño-like state, rein-
forcement of the westerlies, and slowing of the AMOC develop between 
7.6 and 7.0 ka BP as a consequence of changes in solar activity, volcanic 
activity, ice sheet dynamics, and summer insolation. Specifically solar 
activity influences the stratospheric ozone formation and induces a 
dramatic reorganization of the globally atmospheric circulation patterns 
(Haigh, 1996; Meehl et al., 2009). Additionally solar activity may trigger 
a reduction in North Atlantic Deep Water production (Goosse et al., 
2002; Zhang and Delworth, 2005). Volcanic eruptions are well known to 
affect both shortwave and longwave radiation, producing a widespread 
cooling (Robock, 2000; Kobashi et al., 2017). The disturbance to the 
radiation also perturbs the globally atmospheric circulation (Fischer 
et al., 2007; Ridley et al., 2015). Massive freshwater release due to the 
retreat of the LIS influences sea water salinity and density, which sup-
presses North Atlantic Deep Water convection and slows the AMOC 
(Törnqvist and Hijma, 2012). The weakened AMOC transfers climate 
variability from the North Atlantic to the global scope via atmospheric 
teleconnections (Zhang and Delworth, 2005; Davis and Brewer, 2009). 
These factors couple with the gradually decreasing Northern Hemi-
sphere summer insolation could explain the most robust features of the 
7.2 ka climate event. 

5. Conclusions 

The 7.2 ka event is well represented in 58 paleoclimatic records from 
a variety of natural archives, including lake sediments, one loess section, 
speleothems, marine sediments, and ice cores across regions. As 
revealed by our synthesis results, proxy evidence clearly shows that the 
7.2 ka event is characterized by a weaker Asian summer monsoon, and 
in contrast, a stronger South American summer monsoon. The event also 
involves strong cooling and wetter conditions in north-central Europe, 
widespread drying across Africa and the west-south North America, and 
contrasting patterns of precipitation change throughout the Mediterra-
nean. Strong signals from polar ice core records reveal intensified at-
mospheric circulation and generally reduced temperatures. Despite 
varying climatic responses in different regions, a widely distributed 
signature for this event demonstrates that it is possibly of global 
significance. 

These climate anomalies suggested by the proxy evidence reflect a 
southward migration of the Intertropical Convergence Zone, an 

increasing El Niño-like state, a reinforcement of the westerlies, and a 
slowing of the AMOC. Changes in these climate modes during 7.6–7.0 ka 
BP could have arisen because of the atmosphere–ocean–land feedback in 
response to an orbitally-induced decrease in summer solar insolation, 
large volcanic eruptions, reduction in solar activity, and meltwater flux 
into the North Atlantic. 

It is noted that this review is in an early stage and gives only a pre-
liminary analysis of the 7.2 ka event. As we have shown, the climate 
responses are rarely spatially uniform, and it remains exceedingly 
difficult to draw anomaly maps. Uncertainties remain concerning the 
spatial dimensions, duration, and magnitude of the climate event. 
Future advances will require more quantitative or semi-quantitative 
reconstructions and higher resolution records sampled at a higher 
spatial density to determine the complexity of the climate response. It is 
also important to develop significantly more research into assessments 
of potential transmission mechanisms and potential enhancements of 
natural feedback that amplify the relatively weak forcing related to 
fluctuations in solar output and volcanic eruptions. 

There is increasing awareness and concern that anthropogenic ac-
tivities may increase the risk of inducing abrupt climate changes in the 
earth system (Alley et al., 2003; Brovkin et al., 2021). However, most of 
state-of-the-art climate models seem to have been largely built for sta-
bility and unable to project abrupt climate changes (Valdes, 2011). The 
7.2 ka event provides a better analog since it occurred during the Ho-
locene Climate Maximum. Existing researches have shown that the 7.2 
ka event may have impacted on ecosystem and human societies (Gro-
nenborn, 2010; Wang et al., 2014). Future researches are thus in need to 
pay attention to its analogous role in undertraining the potential 
occurrence of abrupt climate change and its possible impact on eco-
systems and human societies. 
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