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Supplementary Material

Principal component analysis of the geochemical data

The PCA of the inorganic and organic geochemical variables shows that component 1 explains 38.9%
of the total wvariance, whereas component 2 explains an additional 18.3%
(Fig. S1). Ti/coh contributes negatively to component 1, while mainly Fe/Ti, Mn/Ti, TN and TOC* are
at the opposite. Component 2 is mainly characterised by Mn/Fe, Ca/Ti, "°C and 8"°N at the positive
end opposite to TOC*/TN.

The PCA plot clearly illustrates that Fe/Ti is tied opposite to Ti/coh. Ti is of lithogenic origin and
brought to the peatland by run-off, where it is incorporated as particulate sediment (Margalef et al.,
2013). Ti/coh, therefore, is an indicator for episodic allochthonous sediment input due to enhanced
rainfall. Here, the amplitude of input is controlled by the erodibility of the water catchment area
(Schittek et al., 2012), and not necessarily acts as a measure for the amount and duration of

precipitation.
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Figure S1: Principal component analysis of the geochemical data. Component 1 explains
38.9% of the total variance and component 2 explains additional 18.3%. Red dots: peak
values of Fe/Ti (values >85). Blue dots: peak values of Ti/coh (values >0.05).



Table S1: Loadings of the PCA.

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11
Ti/coh |-0.41 -0.21 0.02 0.10 -0.23 0.14 -0.13 0.78 -0.12 0.27 -0.01
Ca/Ti |011 049 -0.2 -0.26 057 -0.11 -042 035 0.08 0.04 -0.01
As/Ti 043 019 -0.05 -001 -0.14 -0.25 0.19 0.02 -0.59 0.56 0.01
Fe/Ti 034 0.11 -0.43 0.06 -0.42 -0.05 009 014 066 0.19 -0.01
Mn/Ti | 0.3 034 035 -0.01 -044 -0.07 -0.10 0.29 -0.15 -0.59 -0.01
Mn/Fe | -0.03 0.19 0.75 -0.1 -0.06 0.02 -0.15 -0.13 0.37 046 0.01
C (%) 041 -0.24 0.15 0.15 0.26 0.27 0.1 0.17 0.05 -0.01 -0.74
N(%) |[036 -004 0.04 048 0.16 052 -0.2 0.03 -0.04 0.04 0.54
C/N 0.26 -039 021 -038 026 -021 043 032 015 -01 0.4
8¢ -0.19 049 -0.03 -018 0.05 055 062 0.07 -0.01 0.001 0.004
8N -0.17 0.24 0.12 0.69 0.25 -045 034 013 013 -0.05 0.001
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Figure S2: Map of the Central Andes (12°-25° S) with the records that are compared to the
CTP in the text (data source: World Imagery and Natural Earth data). Symbols were used to
differentiate between climate archives (plus sign: peatlands, white circle: lakes, triangle:
glaciers or ice cores, quadrat: rodent middens, black circle: tree rings). The numbers reflect

the associated authors which can be found in Table S2.



Table S1: Geographical position, site name, type of archive, authors and associated numbers

of discussed paper illustrated in Fig. S2.

number site archive authors latitude longitude
1 Huascaran ice core Thompson etal, 09°06'S 77°36' W
1995

2 Pumacocha lake Bird et al., 2011 10°23'S 76°05' W

3 Cerros Cuchpanga moraines Wright 1984 10°45'S 76°35' W

4 Marcacocha (infilled) lake ~ CNEPSTOW-LUStyet a0 oo

al., 2003

5 Quellcaya/ Qori Kalis '€ O & Stroup etal,, 2014  13°55'S  70°49' W
moraines

6 Cerro Llamoca peatland Schittek et al. 2015 14°10'S 74°44' W

7 Carhuasanta valley peatland Engel et al., 2014 15°29'S 71°42' W

8 Lago Titicaca lake Baker et al., 2001 15°51'S 69°23' W

9 Lago Taypi Chaka lake Abbott etal, 1997  16°13'S  68°20' W

Kkota

9 Laguna Viscachani lake Abbott et al., 1997 16°11'S 68°06' W

10 Tiquimani wetland Ledru et al., 2013 16°12'S 68°03' W

11 Lago Wiflaymarka lake Binford et al., 1997 16°15'S 68°42' W

12 Quebrada La rodent Mujica et al,, 2015 18°26'S  69°43' W
Higuera middens

13 Volcan Guallatiri treering Morales et al., 2012 18°28'S 69°04' W

13 Salar de Surire tree ring Morales et al., 2012 18°56'S 69°00' W

13 Frente Sabaya tree ring Morales et al., 2012 19°06'S 68°27' W

13 Queiiiza tree ring Morales et al., 2012 19°22'S 68°55' W

13 Volcan Caquella tree ring Morales et al., 2012 21°30'S 67°34' W

13 Soniqueira treering Morales et al., 2012 22°00'S 67°17'W

13 Volcan Uturuncu tree ring Morales et al., 2012 22°32'S 66°35' W

14 Lizoite peatland Schittek 2014 22°13’S 65°14’ W

15 Sierra de Santa peatland & 1 i hetal, 2000  22°20'S  65°13'W
Victoria moraines

Sierra de Santa - oAt 0q !
16 . . lake Schabitz et al., 2001 22°20'S 65°13' W
Victoria
17 Sierra de Aguilar peatland Markgraf, 1985 23°10'S 66°05' W
- Cerro Tuzgle peatland this study 24°09'S 66°24' W




Literature

Abbott, M.B., Seltzer, G.O., Kelts, K.R. and Southon, J.: Holocene paleohydrology of the
tropical Andes from lake records, Quaternary Res., 47, 70-80, doi:10.1006/qres.1996.1874,
1997.

Baker, P.A., Seltzer, G.O., Fritz, S.C., Dunbar, R.B., Grove, M.J., Tapia, P.M., Cross, S.L.,
Rowe, H.D. and Broda, J.P.: The history of South American tropical precipitation for the past
25,000 years, Science, 291, 640-643, doi:10.1126/science.291.5504.640, 2001.

Binford, M.W., Kolata, A.L., Brenner, M., Janusek, J.W., Seddon, M.T., Abbott, M. and
Curtis, J.H.: Climate variation and the rise and fall of an Andean civilization, Quaternary
Res., 47(2), 235-248, do0i:10.1006/qres.1997.1882, 1997.

Bird, B.W., Abbott, M.B., Vuille, M., Rodbell, D.T., Stansell, N.D. and Rosenmeier, M.F.: A
2,300-year-long annually resolved record of the South American summer monsoon from the
Peruvian Andes, P. Natl. Acad. Sci. Usa, 21, 8583 - 8588, d0i:10.1073/pnas.1003719108,
2011.

Chepstow-Lusty, A., Frogley, M.R., Bauer, B.S., Bush, M. and Herrera, A.T.: A late

Holocene record of arid events from the Cuzco region, Peru, J. Quaternary Sci., 18(6), 491-

502, doi:10.1002/jgs.770, 2003.

Engel, E., Skrzypek, G., Chuman, T., Sefrna, L. and Mihaljevi¢, M.: Climate in the Western
Cordillera of the Central Andes over the last 4300 years. Quaternary Sci. Rev., 99, 60-77,
doi:10.1016/j.quascirev.2014.06.019, 2014.

Ledru M.-P., Jomelli, V., Bremond L., Cruz, P., Ortufio T., Bentaleb I., Sylvestre F., Kuentz
A., Beck S., Martin, C., Paillés C., Subitani S.: Evidence for moisture niches in the Bolivian
Andes during the mid-Holocene arid period, Holocene, 23, 1545-1557,
doi:10.1177/0959683613496288, 2013.

Margalef, O., Canellas-Bolta, N., Pla-Rabes, S., Giralt, S., Puevo, J.J., Joosten, H., Rull, V.,
Buchaca, T., Hernandez, A., Valero-Garcés, B.L., Moreno, A. and Séez, A.: A 70,000 year
multiproxy record of climatic and environmental change from Rano Aroi peatland (Easter
Island), Global Planet. Change, 108, 72-84, doi:10.1016/j.gloplacha.2013.05.016.4, 2013.

Markgraf, V.: Paleoenvironmental history of the last 10,000 years in northwestern Argentina,
Zbl. Geo. Pal., 1(11/12), 1739-1749, 1985.

Morales, M.S., Christie, D.A., Villalba, R., Argollo, J., Pacajes, J., Silva, J.S., Alvarez, C.A.,
Llancabure, J.C. and Gamboa, C.C.: Precipitation changes in the South American Altiplano
since 1300 AD reconstructed by tree-rings, Clim. Past, 8, 653-666, doi:10.5194/cp-8-653-
2012, 2012.



Mujica, M. 1., Latorre, C., Maldonado, A., Gonzalez-Silvestre, L., Pinto, R., Pol-Holz, R. and
Santoro, C. M.: Late Quaternary climate change, relict populations and present-day refugia in

the northern Atacama Desert: a case study from Quebrada La Higuera (18° S), J. Biogeogr.,
42(1), 76-88, doi:10.1111/jbi.12383, 2015.

Schébitz, F., Lupo, L.C., Kulemeyer, J.A. and Kulemeyer, J.J.: Variaciones en la vegetacion,
el clima y la presencia humana en los tltimos 15.000 afios en el borde oriental de la Puna,
provincias de Jujuy y Salta, noroeste argentino, Asoc. Pal. Argent. Publ., 8, 155-162, 2001.

Schittek, K.: Cushion peatlands in the high Andes of northwest Argentina as archives for
palacoenvironmental research, Dissertationes Botanicae, 412, 2014.

Schittek, K., Forbriger, M., Schébitz, F., and Eitel, B.: Cushion Peatlands — Fragile Water
Resources in the High Andes of Southern Peru, in: Water — Contributions to Sustainable
Supply and Use, Landscape and Sustainable Development, Weingartner, H., Blumenstein, O.
and Vavelidis, M. (Eds.), Workinggroup Landscape and Sustainable Development, Salzburg,
Austria, 63-84, 2012.

Schittek, K., Forbriger, M. Méchtle, B., Schibitz, F., Wennrich, V., Reidel, M. and Eitel, B.:
Holocene environmental changes in the highlands of the southern Peruvian Andes (14° S) and
their impact on pre-Columbian cultures, Clim. Past, 11, 27-44, doi:10.5194/cp-11-27-2015,
2015.

Stroup, J. S., Kelly, M. A., Lowell, T. V., Applegate, P. J., & Howley, J. A. Late Holocene
fluctuations of Qori Kalis outlet glacier, Quelccaya Ice Cap, Peruvian Andes. Geology, 42(4),
347-350, doi: 10.1130/G35245.1, 2014.

Thompson, L. G., Mosley-Thompson, E., Davis, M. E., Lin, P.-N., Henderson, K. A., Cole-
Dai, J., Bolzan, J. F. and Liu, K.-B.: Late Glacial Stage and Holocene Tropical Ice Core
Records from Huascaran, Peru, Science, 269, 46-50, doi:10.1126/science.269.5220.46, 1995.

Wright Jr., H. E.: Late Glacial and late Holocene moraines in the Cerros Cuchpanga, central
Peru, Quaternary Res., 21, 275-285, doi:10.1016/0033-5894(84)90068-1, 1984.

Zipprich, M., Reizner, B., Zech, W, Stingl, H. and Veit, H.: Upper Quaternary landscape and
climate evolution in the Sierra de Santa Victoria (north-western Argentina) deduced from
geomorphologic and pedogenetic evidence, Zbl. Geo. Pal., 1(7/8), 997-1011, 2000.



