13 U/Th dates
0.05-6 ppm U
2s errors 7-70 yrs

750 Sl samples
100-300 um

LA-ICPMS X/Ca

Rainfall seasonality changes in northern India across the 4.2 ka event
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The Indus Civilization in (semi-)arid NW India has been studied since long [refs. 1-9] but remains puzzling,
also due to lack of high resolution palaeoclimate records. Key research questions include:
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Possible expressions of rainfall seasonality & proxy response

low seasonality high seasonality
ﬁ e When and why did the Indus Civilization leave their cities to disperse across NW India? _ .
4 whole year whole year drier dry season drier dry season &
e What was the role of climate change in that process? dry wet unchanged wet season  wetter wet season
. . . . 13 —~ \_ N
* How did seasonality affect agricultural practices? 015C
D et
Indian Summer Monsoon and Westerlies interaction leads to complex climatology. Seasonality (relative N P
importance of ISM VS Wester!ies precipitgtion) changed ponsidergbly. Stalag'mite-based multi-prqu datasets §180 I~
help reconstructing changes in seasonality and the relative contribution of winter and summer rainfall. ~ \_/
A stalagmite from N India shows how ISM and Westerlies interacted, and how seasonality changed. Shifts in >
seasonal moisture supply might have impacted agricultural practices. Annual Cycles
- ISM strength Seasonality PAP Westerlies ISM Favorable crops [refs 4-7]
S 580 [permil VPDB] 8"C,qo0m6 = %5001 10’ U/Ca mmol/mol varve thickness [mm, ref. 10] winter  summer Stalagmite DHAR-1 from NW India records ISM and Westerlies
26 ka o | 5 6 7 -8 0 1 2 3 1.6 1.2 08 crops crops moisture supply between ca. 4.2 and 2.9 kyrs BP.
N A r | L L B [Trrjrrtrrrrr11 [T 171 T | |
2600 | b — _| 2600 . . . . ,
i —— i Multi-proxy data allow identification of changes in ISM versus West-
varve recor o . . . . . .
- = section == . - erlies rainfall over NW India. ISM strength is indicated by §'80, dry
3.03 ka 2800 |- beon finped! — Whg:t”(e,,{ g"r'y"‘ftrice 1 2800 season dryness by 8'°C and U/Ca, and seasonality changes by the
r thick varves = = ' ] distance between §'®0 and 5'°C z-scores.
) - strong - -
MC-ICPMS dating 3000 1= ovoaker S+ Westerlies = — 3900 Times of correlation between 5'>C and $'®0 indicate the ISM regime
c - — iiieavislon: t°°|""(;'b”"'°“ - with low seasonality, while anticorrelation or lack of same indicate
o |l 3200 | = ,rﬁnzﬁus - 1 3200 increased seasonality (winter dryness).
= > - - 7 o
c ||o & - — = — — — — — = — ——— — — — —  — - ) , . : . .
= % m L r 5 _ " Comparison with a marine Indus river runoff record suggests a shift
3.15ka g |5 £ 3400 |- strong ISM + = - 3400 & from an ISM-dominated regime to a Westerlies-dominated one
32ka o P - dry winters —— 2 millet . > around 3.3 kyrs BP.
3 L s — ) wet/dry- rice ]
% 3600 |- _ = barley (?) —| 3600 . : o
S - thick varves = —= T We hypothesise that changes in the relative importance of summer
e - = - - St’°t“9b'st!"' —_ ] vs. winter rainfall could have influenced agricultural practices and
I contripution _ .
5 3800 - strong ISM + o Indus = wheat | milet | 3800 crop selection.
o) | kf,; wetter winters runoff —= 51 barley wet/dry - rice 1
4000 - — T - - — - = - — — —— .~ ..~ — —4000
- weak ISM + — arid crops [1] Possehl 1997, J. World Prehistory 11 [6] Bates 2019, J. Open Archaeological Data
hiatus - (very) dry winters y e barley m'”et? ] [2] Staubwasser et al. 2003, GRL 30, 1425 [7] Dixit et al. 2014, Geology 42
/ 4200 B - vyet(.)/dry ] 4200 [3]Ponton etal. 2012, GRL 39, L03704 [8] Dixit et al. 2018, Scientific Reports 8:4225
QT 5 6 7 -8 rice [4] Petrie & Bates 2017, J. World Prehistory 30 [9] Weber et al. 2010, Archaeol Anthropol Sci 2
O [5] Petrie et al. 2017, Current Anthropology 58 [10] von Rad et al. 1999, Quat. Res. 51
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