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Figure 13. Comparison between theVilcabamba 10Be chronology (excluding outliers) and sediment core 
data from Y12-CD, QH12-DE, and QH10-B (top panel) and HP12-BCD and Y12-AB (right panel). Exposure 
ages are recalculated using a reference 10Be production rate of 3.97 ± 0.09 g-1 quartz yr-1 (PQuel_erosion 
production rate of Kelly et al., 2014) and time-invariant St scaling (Lal, 1991; Stone, 2000). ‘Camel plots’ 
constructed using MATLAB code of Balco et al. (2011). The Medieval Climate Anomaly (MCA; 1.0 - 0.7 ka) 
and LIA (0.6 - 0.1 ka) are represented by the yellow and blue panels, respectively.
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Figure 1. Map showing the location of the Cordillera 
Vilcabamba, along with nearby lake sediment 
records in the Peruvian Andes and Ecuador (see 
selected references).
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Figure 3. Landsat composite image acquired on June 23, 2000 illustrating the central highlands of the Cordillera Vilcabamba. 
Red boxes indicate locations of the Yanama and Rio Blanco valley field sites. The four highest peaks and the Machu Picchu 
sanctuary are labeled with corresponding elevation.

Figure 9. Extraction of bog cores from Huaylla Pampa bog 
using a portable modified Livingston coring system.
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Figure 7. Geomorphic map of the 
Yanama valley with Quishuar bog. 
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Figure 8. Geomorphic photo of Quishuar bog enclosed by 10Be-dated outer 
moraine in the Yanama valley. View is looking upvalley towards the LIA moraine. 
Red circles indicate locations of cores Y12-AB and Y12-CD.
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Figure 4. Geomorphic map of the Rio Blanco valley field site with Q’enqo Huaylla and 
Huaylla Pampa bogs. Solid lines represent moraines mapped and dated by Licciardi et al. 
(2009, 2013).
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Figure 5. Geomorphic photo of Q’enqo Huaylla bog enclosed by 10Be-dated outer 
moraine in the Rio Blanco valley. View is looking downvalley. Red circles indicate 
locations of cores QH10-B and QH12-DE.
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Figure 6. Geomorphic photo of Huaylla Pampa bog located downvalley from an 
as-yet undated moraine in the Rio Blanco valley. View is looking downvalley. Red 
circles indicate locations of core HP12-BCD.
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Figure 8.
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Figure 12. Age-depth models 
generated using &/$0�Y�. Light 
gray lines depict 95% confidence 
intervals. Black diamonds indicate 
radiocarbon dates and red diamonds 
DUH�RXWOLHUV�VKRZQ�ZLWK��ı�
uncertainty. The green star 
corresponds to the 1660 cal yr BP 
tephra.
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Figure 10. SEM images of tephra grains from the Rio Blanco 
valley reveal cuspate and conchoidal features.

Figure 11. Preliminary EDS data reveals that the domi-
nant compositional elements are Si, O, Ca, and Mg.

Figure 2. Comparison of stacked record of clastic flux (blue 
line) with distribution of CRN ages from 3 moraine groups in 
Peru and Bolivia. Figure from Rodbell et al. (2008).

0RUDLQH
*URXS�$

0RUDLQH
*URXS�&

0RUDLQH
*URXS�%

$JH��ND�

��
RI
�V
DP

SO
HV

FO
DV
WLF
�V
HG
LP
HQ
W�I
OX
[�
�]
�V
FR
UH
�

������������������������������������������������������������������

��

��

�

6

�

2

�

���

���

���

���

����

RXWHU�PRUDLQH
�����������ND

4+���%

4+���'(

+3���$
+3���%&'

RXWHU�PRUDLQH
�����������ND

/,$�PRUDLQH
���������\HDUV

0 5000 10000 15000
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5
x 10 −4

0.04

0.02

0.00

0.06

0.08 clastic flux (g cm
-3 yr -1)

0  2000      4000          6000          8000          10000        12000        14000        16000        
age (cal yr BP)

  0

1.0

5.0

4.0

3.0

2.0

pr
ob

ab
ili

ty

QH10-B

-0.01

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0 2000 4000 6000 8000 10000 12000

0.04

0.02

0.00

0.06

0.08

cl
as

tic
 fl

ux
 (g

 c
m

-3
 y

r-1
)

QH12-DE

Y12-CD

-0.02

0.00

0.02

0.04

0.06

0.08

0 1000 2000 3000 4000 5000 6000

clastic flux (g cm
-3 yr -1)

0.00

0.02

0.04

0.06

0.08

- 0.02

0

1000

000

500

100000 80006

0 6000

late middle early

Holocene Pleistocene

L
IA

M
C
A

200 400 600 800 1000 1200 1400 1600 1800 2000
0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

0.01

-0.01

0.02

0.04

0.06

0.08

0.10

0.12

0 500 1000 1500 2000100

0       500               1000       1500               2000                      
age (cal yr BP)

  0

2.0

5.0

4.0

3.0

pr
ob

ab
ili

ty

 0       500               1000       1500              2000                      
age (cal yr BP)

1.0

HP12-BCD

Y12-AB

cl
as

tic
 fl

ux
 (g

 c
m

-3
 y

r-1
)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0 500 1000 1500 2000

1.2

0.0

0.2

0.6

0.8

1.4

0.4

1.0

0

cl
as

tic
 fl

ux
 (g

 c
m

-3
 y

r-1
)

0.00

0.04

0.06

0.12

0.08

0.10

0.02

LIA MCA

2

0J &D

6L


