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Table S19. Talega, CA. Dates are from Bergin et al. (104) and were acquired from 28 boreholes and 5 excavation trenches 
adjacent to or distributed along a ≈50-m retaining wall. 
  

UNMODELED (BP) Modelled (BP) Amodel=101.2
Laboratory # μ σ 95.4% range μ σ 95.4% range μ σ Aoverall=101
Boundary 11285 8680 10335 745
 R_Date Beta-196154 9830 50 11335 11170 11245 40 11395 10785 11170 175 98 charcoal
 R_Date Beta-196155 10540 50 12665 12390 12505 80 12675 11600 12365 300 100.1 charcoal
 Phase 11-10
Boundary 13025 12120 12660 265
 R_Date Beta-196151 11060 60 13070 12770 12920 80 13075 12545 12855 150 103.4 charcoal
 R_Date YDB: Beta-196150 11070 50 13065 12795 12930 75 13075 12545 12860 150 102.6 charcoal
 Phase 12
Boundary 14070 12695 13185 340
 R_Date Beta-192338 12310 10 14415 14090 14230 80 14495 13615 14140 220 99.6 charcoal
 R_Date Beta-192337 13070 40 15875 15415 15665 110 15950 14900 15540 350 99.9 charcoal
 R_Date Beta-196153 14980 70 18405 17975 18200 110 18490 16945 17975 690 99.4 charcoal
 Phase 15-13
Boundary 24780 17585 19530 1735
 Sequence Talega  

 
Topper, South Carolina 

Except for the age model and data table below, the 
following information was extracted from Wittke et al. (19). 
See main manuscript Table 1 and Tables S1-S2 for other site 
information. The stratigraphy of this site is described in detail 
in Waters et al. (105). This site is located adjacent to the 
Savannah River that has cut into relatively unconsolidated 
clastic sediments of Tertiary age to form a terrace (105). 
Sediments are largely colluvial, quartz-rich sands, displaying 
several weakly defined stratigraphic units marked by iron 
staining. In the area sampled, abundant Clovis-age waste-
flakes (debitage) occur at the contact between stratigraphic 
Unit 2b and overlying Unit 3b.  

Seven 5-cm-thick discontinuous samples of bulk 
sediment were collected from a 180-cm-thick sequence 
between 0 and 180 cmbs. Six samples were analyzed for 
impact-related spherules revealing a peak of 110 
spherules/kg in a 5-cm-thick YDB layer at the base of Unit 3b 
centered at a depth of 60 cmbs (57.5 to 62.5 cmbs). These 
results are comparable to abundances of YDB impact-related 
spherules reported by Firestone et al. (4) of 97 spherules/kg 
and LeCompte et al. (40) of 260 spherules/kg, all of which 
contradict Surovell et al. (58), who found no spherules (0/kg). 
Age-depth plot is Fig. 6 in the main manuscript. 

 
Table S20. Topper, SC. OSL dates are from Waters et al. (105); the radiocarbon date is from Wittke et al. (19).  
 

UNMODELED (BP) Modelled (BP) Amodel=124.4
Laboratory # Type μ σ 95.4% range μ σ 95.4% range μ σ Aoverall=123.9
 Boundary 4930 600 3255 1285
 C_Date UIC1228 OSL 4300 300 4845 3640 4240 300 4980 3645 4310 335 96.8 quartz grains
 C_Date UIC782 OSL 7300 800 8840 5645 7240 800 8830 5520 7180 830 100 quartz grains
 C_Date UIC835 OSL 7600 900 9340 5745 7540 900 9325 5635 7480 925 100.1 quartz grains
 C_Date UIC1229 OSL 8000 500 8940 6940 7940 500 8975 6795 7880 550 100 quartz grains
 C_Date UIC836 OSL 8000 800 9540 6345 7940 800 9515 6225 7875 835 100 quartz grains
 C_Date UIC1115 OSL 11000 800 12540 9345 10940 800 12155 9020 10600 800 100.9 quartz grains
 Phase 3b upper
 Boundary 12975 10240 11885 795
 R_Date YDB: AA100294 14C 10958 65 12995 12710 12835 80 13085 12365 12785 185 100.4 charcoal
 C_Date UIC1114 OSL 13000 900 14740 11145 12940 900 13845 11575 12740 525 122.4 quartz grains
 C_Date UIC763 OSL 13200 1300 15740 10545 13140 1300 13970 11420 12735 590 125.7 quartz grains
 Phase 3b base, Clovis
 Boundary 14795 12570 13430 580
 C_Date UIC837 OSL 14000 1200 16340 11545 13940 1200 15640 12815 14095 760 119.3 quartz grains
 C_Date UIC764 OSL 14800 1500 17740 11745 14740 1500 16105 12795 14245 895 116.5 quartz grains
 Phase Level 2b
 Boundary 18975 12815 15305 1990
 Sequence Topper  
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LOWER-QUALITY CHRONOLOGIES 
 

Blackville, South Carolina 
Except for the age model and data table below, the 

following information was extracted from Bunch et al. (17) and 
Wittke et al. (19). See main manuscript Table 1 and Tables 
S1-S2 for other site information. The lower part of the 
sequence (272-190 cmbs) is a massive, firm, red clay, 
separated unconformably at 190 cmbs by overlying coarser 
late Quaternary unconsolidated loamy to silty alluvium and 
eolian sediment (190 to surface).  

Eleven of 18 continuous 15-cm-thick bulk sediment 
samples were examined for impact proxies. The YDB was 
clearly marked in the 15-cm-thick interval from 190-175 cmbs 
by peaks in impact-related spherules (525/kg), melt-glass 
(0.06 g/kg), carbon spherules, glass-like carbon, aciniform 
carbon, and iridium (Table S1). The high abundances of 
spherules extend ≈30 cm above the unconformity, indicating 
that the YDB layer is stratigraphically unrelated to it.  

 

 
Fig. S17. Blackville age-sequence model. The two oldest OSL dates 
exhibit an age reversal. The older date (LB858, 12,960 ± 1190 Cal B.P.) 
has an Agreement Index (marked as “AI”) value of 34%, and the younger 
date (in blue; LB861, 18,540 ± 1680 Cal B.P.) has a lower Agreement 
Index value of 14%. Consequently, OxCal rejected the younger date as 
being statistically less likely to be correct than the older date.  
 

 
Table S21. Blackville, South Carolina. Dates reported in Bunch et al. (17) and this paper. 
 

Depth UNMODELED (BP) Modelled (BP) Amodel=105.4
Laboratory # Type μ σ  (cm) 95.4% range μ σ 95.4% range μ σ Aoverall=104.7
 Boundary 760 -17885 -5040 5155
 R_Date Beta 307821 14C 830 30 20.0 790 685 740 35 900 -35 600 320 99.8 Charcoal
 C_Date LB862 OSL 11500 1030 107.0 13495 9380 11440 1030 12970 8985 11010 995 103.3 Quartz grns
 C_Date LB861 OSL 18540 1680 152.0 21835 15125 18480 1680 21810 15095 18480 1680 Quartz grns
 C_Date YDB_age_LB859 OSL 12960 1190 183.0 15275 10520 12900 1190 15015 10705 12820 1080 106.3 Quartz grns
 Boundary 37705 11360 19620 6950
Sequence Blackville

Date too old to measure
Beta 207164 14C >46600 210.0 >46600 >46600 Charcoal  

 
 
 

Lake Cuitzeo, Mexico 
Except for the age model and data table below, the 

following information was modified from Israde et al. (37) and 
Wittke et al. (19). See main manuscript Table 1 and Tables 
S1-S2 for other site information. From the second largest lake 
in Mexico, a 27-m-long lake core was recovered, consisting of 
interbedded lacustrine sands, silts, clays, epiclastites, and 
tephra layers. A conspicuous, dark, carbon-rich layer, 

dominated by clay and silt, occurs between 250 and 282 cmbs 
and resembles the black mat at other YDB sites across North 
America. The YDB layer is marked by peaks of impact-related 
spherules (2055 /kg), nanodiamonds (493 ppb), and carbon 
spherules (684/kg) in a 5-cm layer between 277.5 to 282.5 
cmbs (incorrectly reported previously as 280 to 275 cmbs in 
both (20 and 37).  
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Fig. S18. Lake Cuitzeo age-depth model. Bayesian analysis rejected two unusual 
linear clusters of outliers, shown as blue age distributions connected by gray lines. 
These indicate the influx of older carbon from an unknown source.  

 
Dating. The presence of several anomalously old dates 

in the lake Cuitzeo section has caused difficulties in producing 
a robust age-depth model. Therefore, we consider three 
possible models. (i) In the test shown in Fig. S18 above, we 
included the new date on the black mat from the shoreline 
sequence and then, modeled an age for the YDB layer of 
12,850 ± 570 Cal B.P. at 68% (see main paper). (ii) In the 
second test (not shown), we excluded the shoreline sequence 
date from the age-depth model, producing an age for the YDB 
layer of ≈15,300 ± 1100 Cal B.P., similar to the minimum age 
proposed by Blaauw et al. (106). (iii) For the third test (not 
shown), we included all anomalously old dates and excluded 
the conflicting younger dates, producing a much older 
modeled age for the YDB of 27,100 ± 400 Cal B.P., about 
9,000 years prior to the last Glacial Maximum.  

All three of these models are statistically possible, but 
the question is which model best fits other available 
stratigraphic evidence. Israde et al. (37, 107) produced a 
paleoclimatic record for the lake section, based on pollen, 
spores, and diatoms. These workers presented clear 
evidence of a warm paleoclimatic interval of >1000 years, 
interpreted as the Bølling–Allerød interstadial. This was 
followed by a distinctive cooling period, interpreted as the 
Younger Dryas cooling episode. This record is most 
consistent with model (i) above (Fig. S18) that dates the YDB 

to 12,850 ± 570 Cal B.P. (68%). On the other hand, the Lake 
Cuitzeo record is inconsistent with the YDB dates in 
alternative model (ii), centered at 15,300 Cal B.P., and model 
(iii), centered at 27,100 Cal B.P. Both of those place the age 
of the impact-proxy-rich layer within the last glacial episode, 
which lacks evidence of any such warm intervals.  

Furthermore, the paleoclimatic record in Lake Cuitzeo 
closely matches the succession of Bølling–Allerød warming, 
followed by Younger Dryas cooling that is well documented in 
sedimentary sections over a broad area of Central America 
and northern South America (see (37), for details). These 
sites include La Chonta Bog in Costa Rica (108), Lake La 
Yeguada in Panama (109), Lake Peten Itza in Guatemala 
(110, 111), and the Cariaco Basin marine core from offshore 
Venezuela (112, 113). Indeed, Bush et al. (109) identified a 
“time of crisis” that dates to ≈12,720 Cal B.P. (10,800 14C BP) 
at the onset of the Younger Dryas episode. Representing the 
most distinctive layer in this record, the crisis interval is 
marked by dramatic changes in pollen, diatoms, biotic 
turnover, clay mineralogy, sedimentary geochemistry, and 
charcoal influx. The changes occurring in this interval at Lake 
La Yeguada are similar to those at Lake Cuitzeo, suggesting 
that both records are contemporaneous. Thus, based on 
available regional evidence, the best-fitting model places the 
YDB age at 12,850 ± 570 Cal B.P., but with uncertainty. 
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Table S22. Lake Cuitzeo, Mexico. Dates are from Israde et al. (37), except for date OS-71325 from Kinzie et al. (20) that was 
acquired on stratigraphically correlated sediment on the lakeshore, adjacent to the lake sampling site. The lakeshore date is 
from previously acquired archival material, with insufficient sediment available for further investigation of YDB proxies.  
 

Depth UNMODELED (BP) Modelled (BP) Amodel=91.8
Laboratory # μ σ  (cm) 95.4% range μ σ 95.4% range μ σ Aoverall=91.7
 Boundary 995 630 835 85
 R_Date A 9351 930 55 70 940 730 845 55 995 630 835 85 100.6 sed. carbon
 R_Date A 9352 1755 115 85 1930 1405 1680 135 1985 1300 1645 170 100.3 sed. carbon
 R_Date A 9353 6165 70 135 7250 6890 7065 95 7300 6490 6970 310 99.4 sed. carbon
 R_Date A 9354 8830 215 195 10490 9465 9920 260 10415 9175 9790 325 102.4 sed. carbon
 R_Date WW 3361 14720 50 205 18080 17725 17910 85 18080 17725 17910 85 sed. carbon
 R_Date T7-M31 17605 215 225 21860 20715 21295 295 21865 20720 21295 295 sed. carbon
 R_Date WW 3362 21730 70 245 26115 25825 25970 75 26120 25825 25970 75 sed. carbon
 R_Date OS 7133C 21600 100 255 26065 25690 25880 90 26065 25690 25880 90 sed. carbon
 R_Date WW 3363 27360 130 275 31435 31030 31230 100 31435 31030 31230 100 sed. carbon
 R_Date OS-71325 10550 35 277 12630 12415 12520 60 12720 12260 12500 155 99 sed. carbon
 YDB_top 13275 12100 12580 310
 YDB_layer 14265 12195 12850 570
 YDB_base 14855 12265 13115 725
 R_Date WW 3375 32940 190 310 37785 36370 37030 375 37790 36370 37030 375 sed. carbon
 R_Date T11-M47 15500 130 335 19030 18480 18760 130 19115 18320 18715 220 100.1 sed. carbon
 R_Date WW 6422 23870 100 365 28170 27690 27915 120 28170 27690 27915 120 sed. carbon
 R_Date WW 3576 28289 120 375 32685 31640 32155 275 32680 31635 32155 275 sed. carbon
 R_Date WW 6423 29490 190 380 34050 33305 33685 180 34050 33305 33685 180 sed. carbon
 R_Date WW 8454 22770 120 400 27425 26720 27115 175 27465 26430 27000 335 95.8 sed. carbon
 R_Date WW 8455 21440 100 440 25955 25555 25760 100 25955 25550 25760 100 1.4 sed. carbon
 R_Date AZ 120 26800 900 470 33170 29125 31020 1000 32080 29365 30720 665 118.2 sed. carbon
 R_Date WW 8456 29880 280 535 34530 33555 34010 240 34500 33310 33895 295 102.6 sed. carbon
 R_Date A 9359 32565 2885 610 36655 36220 36430 105 36730 36035 36385 175 100.4 sed. carbon
 R_Date WW 3364 28600 140 665 33195 31990 32640 290 33195 31990 32640 290 sed. carbon
 R_Date A 9770 42400 1000 910 48255 44080 45990 1040 49995 45185 47245 1190 62.3 sed. carbon
 Boundary 49995 45185 47245 1190
 P_Sequence Lake Cuitzeo

Too old to calibrate
R_Date WW 3365 45110 940 870 -- -- -- -- -- -- -- -- -- --  

 
Melrose, Pennsylvania  

Except for the age model and data table below, the 
following information was extracted from Bunch et al. (17) and 
Wittke et al. (19) with minor modifications. Detailed 
stratigraphic information is presented in Bunch et al. (17) and 
Wittke et al. (19). See main manuscript Table 1 and Tables 
S1-S2 for other site information. During the last Glacial 
Maximum, the Melrose area in northeastern Pennsylvania lay 
beneath 0.5 to 1 km of glacial ice that retreated rapidly after 
≈18,000 Cal B.P. (114). Surficial sediments at Melrose are 
represented by unconsolidated latest Quaternary 
alluvium/colluvium overlying glacial till that, in turn, overlies 
the Devonian Catskill Formation. A shallow trench was 

excavated, and five contiguous samples were taken from 5 to 
48 cmbs. The sedimentary section consists of fine-grained, 
humic colluvium to 38 cmbs, resting on distinctive end-
Pleistocene glacial till (diamicton). The YDB layer is marked 
by a remarkable diversity of proxies with abundance peaks in 
melt-glass (0.8 g/kg), impact-related spherules (3100/kg), 
carbon spherules, nanodiamonds (66 ppb), charcoal, and 
osmium (see main paper). This layer occurs in the interval 
between 15 and 23 cmbs, ≈15 cm above the till, consistent 
with deposition during the deglacial episode, after the ice 
sheet retreated from this area (<18,000 Cal B.P.).

 
 

 
Fig. S19. Melrose age-sequence model, including a new date (Beta-368791) at 
10 cmbs. The YDB has a modeled age based on an OSL date from just beneath 
the YDB layer. This age has high uncertainties that overlap the YDB age range.  
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Table S23. Melrose, Pennsylvania. Radiocarbon dates Beta-368791 and Beta-87422 are new. The latter date on a carbon 
spherule was rejected by OxCal as anomalously young. The LB860b OSL date of 11,700 Cal B.P. (before 2012) from Kinzie 
et al. (20) has been converted and rounded to 11,640 Cal B.P. (before 1950) to match the age scale used for the radiocarbon 
dating.  

Depth UNMODELED (BP) Modelled (BP) Amodel=98.9
Laboratory # Type μ σ  (cm) 95.4% range μ σ 95.4% range μ σ Aoverall=98.9
 Boundary 1425 -20065 -7420 6750
 R_Date Beta-368791 14C 850 30 10 900 690 760 40 5355 695 1640 1305 99.6 charcoal
 R_Date Beta-87422 14C -5 25 18 245 35 65 45 245 35 65 45 charcoal
 C_Date YDB: LB860b OSL 11700 1850 28 15325 7955 11640 1845 17185 7710 12255 2405 98.5 quartz grains
 Phase Post-glacial
 Boundary 42075 10610 24075 9660
 Sequence Melrose  

 
Mucuñuque (MUM7b), Venezuela 

Except for the age model and data table below, the 
following information was extracted from Mahaney et al. (30-
36) with minor modifications. See main manuscript Table 1 
and Tables S1-S2 for other site information. This site is on a 
small glaciolacustrine plain at 3800 masl elevation in the 
Venezuelan Andes. The 2.5-m-thick sampled section is 
comprised of imbricated outwash, overlying a succession of 

stratified sand, gravel, and a manganese-rich black mat layer. 
These deposits were correlated with deposits further down the 
valley, representing a re-advance of the glacier during the 
early Younger Dryas episode. The stratigraphy is described in 
detail in Mahaney et al. (30-36). The YDB layer immediately 
is coincident with the dark layer, as it does at some other YDB 
sites.  

 

 
Fig. S20. Mucuñuque age-sequence model. The available dates are from 
layers of alluvial clay and peat, ≈20 cm below the YDB layer. There was no 
datable material in the YDB layer, glacial outwash, or moraine at this site, 
although the outwash was correlated by Mahaney et al. (31) with nearby 
deposits that are of Younger Dryas age.  

 
Table S24. Mucuñuque, Venezuela. Radiocarbon dates are from Mahaney et al. (31). 
 

Depth UNMODELED (BP) Modelled (BP) Amodel=99.2
Laboratory # μ σ  (cm) 95.4% range μ σ 95.4% range μ σ Aoverall=99.3
 Boundary YDB_layer 13550 11335 12845 630
 R_Date TO-9278a 11440 100 232 13460 13095 13285 100 13560 12885 13250 190 94.2 charcoal
 R_Date TO-9011 11760 80 235 13755 13445 13595 85 13765 12995 13465 215 100.5 charcoal
 R_Date TO-9278c 11850 180 235 14125 13310 13720 215 14045 12960 13510 265 104.2 charcoal
 Phase Post-glacial
 Boundary 15820 12890 14000 775
 Sequence Mucunuque  

 
  


