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Chronometric dating of Late Pleistocene modern Tiss 8" ey | The Toba supereruption, dated 73,880£320 BP, = YT (5% CLrange)
human dispersals from Africa, environmental T e \J « | was the largest volcanic eruption of the

changes, archaeological sites and technological coers o s /7 SoreqCave - | Quaternary (Storey et al. PNAS 2012), ejecting

.. . . | }»‘“. rv‘l N\ \40&; & Oafzeh ' ey . .
transitions can be refined by intercontinental = . ) & Qutze ' v | ~3800 km® Dense Rock Equivalent of volcanic

<L - oy e ¢ 25

correlations with precisely dated stalagmites, R =2 ’\Ag qeae. | _ = [ ash into the atmosphere, over an area of ~40 Toba ash ,
[+ previous age model \

:

15

20

: £ ¢

Depth (mblf)

- Stadial 20

\\ 30—

marine isotope stages (MIS), ice cores and the Lo s oo | million km? (Costa et al. FES 2014). The largest
Toba volcanic eruption isochron (Fig. 1). . f "“-. S spike of volcanic sulfate in Greenland ice cores, 2

 In Israel, correla tion of Soreq Cave g talagml fo bl ) . " cal 2 spanning SIX years after the onset of Stadial 20, Fig. & The revised age-depth model for MALOS-1C. A revised Bayesian age-
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depth model for the upper 30 m of MALO5-1C based on 15 radiocarbon
dates (24) and the age of the YTT: 75 + 0.9 ka B.P. (4). Gray shading denotes

Wlth faunal isotopes at Qafzeh ShOWS LeVel 21 iS attribUted to TOba (ZlellnSkl et al. GRL 1996) Fig. 6. Malawi MAL05-1C core -1501-140 -130D/-I1{2(()%;1)1o 400 -90

‘4. Tanganytkaﬁ Malawi ' > ok |

burials date to 119-128 ka (MIS-5E) rather than ) L—Ma'éﬂ" 4 /| The coldest temperatures of the 123 kyr core age-depth model revised to fit Fio 7 Malaw: loaf
| ] span ~1800 years following this event, durin Toba ash. Linear age-depth 1g. /. vialawl core lea

)2 ka (MIS-5B). b | -l b o . 5 5 model changes age at 40 m wax hydrogen isotope

o . \ Pinnacle “ 4 { :
 Lake Malawi core age-depth models revised , . ‘ Greenland Ice event stadial 20 (GI 20s, Fi1g. 5). LF from ~81 to ~115 ka 2?210?5 Bﬁ ;;C?ZtKggecky

- : e lasies River B R — W (green arrow). Modified from Lane
using Toba volcanic ash (74 ka) shows pionacie i ) 22,”3255 | ot al. PNAS 2013, Fig 4 Lett. 2011.
megadroughts date to ~115-165 rather than 75- | 2

135 ka. A 2 kyr cold/arid event follows Toba 1n
L. Malaw1 and Greenland ice cores.

Figure 1. Localities correlated by MIS-5E or Toba

ash 1sochrons. Green oval shows Indian paleosols
with carbon isotope evidence of deforestation Toba ash occurs within the ALBS aeolian

* Toba ash in Pinnacle Point 5/6, South Africa, following the Toba super-eruption (Williams et al. mst | ms2 | wmss [wsa] 77 wiss I | sands, during a time of low sea levels (Smith et
coincides with low sea level, reduced site use, Palaeo. 3, 2009). s al. 2018). Stone artifact densities are extremely
and the first MSA backed blade industry, and a Age before 2000 AD low for ~30 cm overlying this 1sochron (Fig.
new form of technological organization. 3 b §). This apparent failure to “thrive” after
MIS 5a-d Figure 5. North Greenland ice core oxygen isotope values Toba may reflect severe environmental
from 0-123 ka (NGRIP Members, Nature 2004) Inset ﬁgure degradatlon durlng GI'ZOS. Occupatlon
. . s . PO . |
gazelle shows consistently cold cl.lmate (.10w 0 Q) during GI-20s 1n resumes with the earliest known MSA backed
GISP core. Data from www.iceandclimate.nbi.ku.dk/data/. : : :
blade artifacts on fine-grained raw materials.
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Soreq Cave and Qafzeh Burials

Soreq and Pequin Cave stalagmites have high
0!13C and low 6'%0 values only during MIS-5E
(119-128 ka), showing C, grass cover and _ 4
summer rainfall (Fig. 2). Qafzeh Cave Level 21 C3

goat teeth (Figs. 3-4) also show high §'3C and 2399999998803 3500997 2999999309909
low 6!%0 values only in Level 21 (Hallin et al. respectively (Lane et al. PNAS 2013). These levels

2012), reflecting C, grass cover and summer were previously dated to ~62.5 ka. Revising the Toba ash > [ <\

rainfall. Modern humans thus occupied the | age-depth model with this 1sochron shows a 12 Y

. . Fig. 3. Amud and Qafzeh goat & gazelle enamel vr :

: error at this level and a ~35 kyr error at 40
Levant during warm, humid MIS-5E. Africans carbon 1sotopes. Goat teeth from level 21 show 1\/}[]BLF 0 C ICV Fio 6) M }cll hts first H N |
expanded to the Levant during the era of least feed; C. nlant in tronical L A0re (Fig. 6). Megadroughts firs 3 4D t
ceding on C, plants, as 1n tropical savannas. dated to 90-115 ka (Cohen et al. PNAS 2007) cm increments

' ] Data f; Hallin et al. J. Hum Evol 2012, Table 1. : : : C - :
ecological resistance. O AT EL Al S A R o likely date to MIS-6, >130 ka. Fig. 8. Piece plots of stone artifacts in Pinnacle Point 5-6

.. (Smith et al. 2018, Nature 555, supplemental video 4). Toba ash
Toba ash 1s ditfused over ~55 years of first appears at the base of the aeolian Conrad Sands, during

sedimentation (2 cm, ~27 yr/cm). If ash input a period with few stone artifacts. Position of ash based on Smith
: - ST L. 2018, fig. 2 figs. 2¢ and 4.
spanned six years, then time-averaging limits ctal. 2018, fig. 2, and extended data figs. 2¢ and

chronological resolution to detecting severe

environmental events lasting ~25-55 years. Conclusions

== " Y Bjogeochemical markers in Malawi cores * Modern humans likely occupied Qafzeh
119-128 ka, when the Levant was a tropical

‘k i |" - ke EC 0 T e T show a ~2000-year interval after Toba with low
lake levels and temperatures colder that the savanna. They are far older than §7Q ka
Last Glacial Maximum (Woltering et al. 3P 2011; molecular dates of modern human dispersals.
Stone et al. 3P 2011). For example, the lowest » Malawi cores and Pinnacle Point levels with
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Toba ash occurs 1n 2 cores 1n 2-cm-thick layers,
28.10 and 26.78 m below lake floor (MBLF),
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b 7 Fig. 4. Qafzeh Level 21 carbon and oxygen 1sotopes

Figure 2. Soreq Cave stalagmite carbon and oxygen of serially sampled goat teeth from level 21 that

isotopes. MIS-5E (green arrow) had a climate regime with show feeding on C, plants (high 6'3C) in a climate . . ]
summer rainfall and high C, plant biomass, like tropical with summer rainfall (low 8'%0), indicating a tropical leat wax hydrogen isotope ratios from 74-0 ka Toba ash appear to show G1-20s severe

African savannas (Bar-Matthews et al. GCA4 2003). savanna environment. From Hallin et al. 2012, Fig. SE-F. are directly above the ash (Fig. 7), consistent envqonmental degradatlop.
Data from IGBP PAGES/World Data Center for Paleoclimatology Data with extreme cold dunng GI-20s. e This 2 kyr era of cold climate may have

Contribution Series #2003-061 contributed to human population bottlenecks.
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