n - Source count mean =d max min range
Evaluation of inter-annual to decadal
Glacier 83 -15.05923 12812916 -11.26426 772821 6.463944
. . . Glacier free 22 -14.80705 06521011 -13.55632 -15.84643 2.290113
u = RS A7 -15.24202 1.0482454 -13.03909 -16.91000 3.870906

changes in tropical Andean stream S- \Vial el |
Comparison D180 D2H d.excess Ca Na Mg K Cl S04
- - = Glacier - DCG 0.0001 0.0088 0.1669 0.0003 0.3609 0.0048 0.0442 0.9921 0.0011
Chem| St belOW debn S_CO\/ered | aclers
RS -DCG 0.0020 0.1124 0.0889 0.5307 0.4682 0.4949 0.1409 0.9404 0.8378
Glac.Free - Glacier 0.8378 0.9959&6 0.4964 0.3872 0.0151 0.1302 0.98585 0.9310 0.0001
- n RS - Glacier 0.9030 0.7959 0.9285 0.0001 0.9986 0.0133 0.9342 0.4563 0.0001
& E m I I I O M ate O 1 B ryan M arkl RS - Glac.Free 0.5929 0.8800 0.8139 0.2803 0.0225 0.9953 0.8908 0.9528 0.8280

3 )

Jeffey McKenzie?, significantly lighter isotopic signal than |t
4/1’ % . .

Michel Baraer?
(1) The Ohio State University, Department of Geography and Byrd * Foa.
Polar and Climate Research Center; (2) McGill University; (3) ETS r - - | -

debris-free glaciers. -

|NTRODUCT|ON B DCG Glacier Glacier ree RS N DGG Glacier Glacier res RS
Changing cryospheric conditions in the tropical - | ol | |
Cordillera Blanca, Peru have lasting impacts on :
downstream water resources. By assessing - * e - * —
iIsotopic signatures of 680 and &4H in glacial - — = .
streams, how do debris-covered glacier (DCG)
outflows chemically differ from those of debris-
free glaciers? | g
METHODS S i = [ P =
Eieldwork L B G e
- 48 sampling locations across 20 catchments

- 3 catchments contain DCG . :
- 15 years of synoptic sampling during dry season $ * * = — * —
- Began to focus on DCG outflow over past 2 years 1 | | | | | | |
Processing o e w N

- Picarro Isotope Analyzer and lon Chromatography
RESULTS

- DCG 6180 signal consistently lighter than debris-
free glaciers

- DCG outflows also contain fewer ions

- All glacial sources in the Cordillera Blanca show
a general depletion over a decadal time scale.

13 -12 -1

Above: Boxplots comparing geochemical (uEg/L) and isotopic
tracers (%o) in tributaries to the Rio Santa separated by end-member
source (Debris-covered glacier (DCG), Rio Santa (RS))
Below: Map of the Rio Santa Watershed with water sample locations

-18 1

-80
® Glacierized
® Glacier-free
DCGs 85
Rio Santa
@ Glac. 2004-2010 Avg. 2004 | °
A Glac. 2011-2019 Avg. 2005
@ Glac. Free 2004-2010 Avg. .
A Glac. Free 2011-2019 Avg.
© DCG 2004-2010 Avg.
2016 -100
A DCG 2011-2019 Avg. 2006
@ RS 2004-2010 Avg.
A RS 2011-2019 Avg. ® 2016 105
— MWL = ® 2005
2017 @2010 @ 2016
—LMWL A 110 : PRI e Feg s
2004 @9 2007 ~aEIBRLS Y 2T -5
@ .. ® 2006 .— '_,e 13,“.':.5.:3:"’ .
2010 2010 @ 2018 2008 =g I -/ e
2019
2017 15
2019 @ 2008 @ 2016
@® 2009 -120
=+ City or Town
-125
Huascaran National Park
-130

DISCUSSION

- Post-depositional enrichment of 6180
- Less evaporation below debris than clean ice 7" AT i Rl L Lo e R SR NE S :
- Findings show similar trends to the central g A I e s RSO SR St RN < (O 17720209 16502235

-16.582234 - -15.722388

Andes, but differ from the Himalaya (see table) SO L s ¢ i s \ S R FOR SR ; ) SN
[N R B e LS, AN o R A R R D S .« o < Lol PR N o TR [ R NE S i N adRE e | R G L N -15.722387 - -14.783760
Further Analysis A R Sy N R s O S A T e DT T, T e R O R T R~
u y ) e R e o MYy +» T it AP, e oo oo baSaliar S TG e n e Rl R IR R 3 RO DS ¢ 14.783759 - -13.920000
.. : : : Frooan 200 e SRR s Ly 3 N R o ) r S A R O T B LR C 12 A TRt R LTI, S TR 13.919999 - -11.264264
- . o Y4 s ‘4 ey ..‘( ‘. -‘..‘4.‘ ) "‘ = - l‘ Py P e . § . 4 > \‘-..\"'. \’ . . . - Y o N e X ) Lty & X 'l'\ . ‘.f‘ v ..-' - - ; . “ " ) . - N . : - 3 ‘ - . : - ) - = )
PCA, mixing models to determine contributions Do o A e T ey L AR e e T R A ORI~ ¢ S My T S S T R L e A R Ry
q ¢} NS . vt . L 7 S5 S ¥ 3 - o ". ) " $ e ,"__","" ¥ P : g . _‘. " ~ - S » ) o N ¥ 3 * W _ T B T ; ".‘. 4 =4 0 - oy J .;-. W - t_ .‘s' . ot .L ~ .- ' , ol P StreamS
Study Reference Outflow_Site Name Location Elevation D180 r X 3 oy o aat o e - . oo -t 2o v ) o) . ) \ ] » -
Lakes
Wilson et al., 2016 Khimsung Glacier Post-monsoon median Himalaya 4166 -15.94 :
Lirung DCG Post-monsoon median Himalaya 3784 -15.47 ‘ Debris-covered gIaCIerS
Crespo et al., 2017 Mean DCG outflow value Mendoza Andes MNIA -20.20 ‘ Rio Santa Watershed
Mean Glacier outflow value Mendoza Andes N/A -19.37 R it N P il I e NG PG e 5 S b AR R Db _«Q ! el L e . B B ey Y SRR, 8 MU0, QR S T N ST ? s s . | Llanganuco sub-Watershed |-
Mean from downstream rivers Mendoza Andes MNIA -18.01 . ‘ ‘ " :
This study Kinzl DCG median Cordillera Blanca 4250 -16.34
Yanamarey Glacier median Cordillera Blanca 4031 -15.24
Broggi Glacier median Cordillera Blanca 3905 -15.90
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