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The influence of supraglacial debris on proglacial runott fluctuations and water chemistry

) ,":,JP wg;f:ggte y Fytte, C. L.1, Brock, B. W.2, Kirkbride, M. P.3 Black, A. R.3, Smiraglia, C.4, Diolaiuti. G.4

1] c.fyffe@worc.ac.uk, Institute of Science and the Environment, University of Worcester, Worcester, United Kingdom, (2] Department of Geography, Northumbria University, Newcastle, United Kingdom,
|3] School of the Environment, University of Dundee, Dundee, United Kingdom and [4] Department of Earth Sciences ‘Ardito Desio’, University of Milan, Milan, Italy

L Table 1 Comparison of sulphate and bicarbonate ion concentrations between different glaciers. All values are in peq I, with the mean in Table 2 Table of hydrograph classification statistics for selected glaciers, with ‘N’ the number of

1 . I nt rOd U Ctlo n brackets and the range giving the maximum and minimum values recorded. * represents studies cited in Brown (2002). 3 . PrOgIaC|a I ru nOﬁ | hydrographs and ‘%’ the percentage of total. 5 ConCI usions

: . .t N N . . ’ | - : &
! This study explores how the . Compared to published data for clean glaciers, oot Glacier dAcola ] Taillon Glacier | The overall influence of the debris is to
debris’ influence on glacial W i Sfewer diurnally classified daily hydrographs were (Gt et al, 2009 <Hanf9313>etal ;

Mlagec,laaer Tealy i 2011 increase the suspended sediment and ion
, ablation, topography anc /found in the proglacial discharge record (Table 2), concentration of the proglatiREERERThe
drainage structure impacts on “with the amplitude of the diurnal signal peakin ; Rlsmg<*B“ﬂd“%g/Late . . .
: P Plit nal signal peaking /R Bl ;oglacial runoff signal s also more subdued
the water chemistry and runoff later and being relatively low in amplitude. These

: e ey Y e N A T -- with a longer lag to peak and fewer clearly
Slgnal Of the prOgIaCIaI Stream ;‘ Dokriani Glacier, India (monsoon) hyd rOgraph CharaCterIShCS WETreE due to the debrls Peaked/lglurnal =

Uy rhis was achieved through ' - attenuation of the melt signal, smaller input streams -----.---- " diurnal hydrographs,
analysis of the supraglacial anc w—— “Hand less efficient subglacial drainage system , b P >
proglacial water chemistry and ﬁbeneath the debris-covered lower tongue. Warmer . ; /M routing i Y \ oo
tthe proglacial hydrograph of *., :than average weather conditions were required for TR  BEaA

oo e [Sporson s Gtamen [ [sn

N 0087 931
0.053 6.7

0.040 4.0 .
15:00 20:00 01:00 06:00

g

0.090

l
i iage GlaciQEEEStERTIRMAN e e e R N O Strongly diurnal hydrographs to be shown (Figure 2a "f
= Alps (Figure 1) __\, zand b), with a ‘saw-toothed’ hydrograph shown .

g

0.077

0.063

Gangotm Glacter, India Kumar et al (2009) (673) 333-1186 1138) 17-4130

"., PP "‘

weaa3s [eoe[soad o)
eoumsgp SUISL3ID9(]

Conductivity (mS cm’™)
o o o

o

L% ]

Lk

b

0.050
40 5.3 4.0 6.7

‘under average conditions (Figure 2c and d). . N B e
2. Water chemistry o o . R [N R e

s )

:

The debris cover on the lower S 4
v

213}

EAE - T

Discharge {rn3

- ha
o

1.80

glacier increased the supraglacial § 20 | . S . (020000000600 o0z
15 Above: Figure 3 Conceptual diagram of runoff components, and their relative travel time class for a
SUS pe N d ed Sed | ment a nd 10 debris-covered glacier. The stars indicate where solute could be acquired by the meltwater. . B P
‘ ' . Right: Figure 4 Plots of hourly discharge and conductivity data for days with diurnally classified Tl N~ o5y N

bica rbOnate concent ratiOnS, a nd 4’ i h L discharge and conductivity in 2010 (rows 1 and 2) and 2011 (rows 3 and 4). Note the day starts at 0.068 \ \\\ 0053

a !'.]Eia%?ﬁﬂ 10/07M10  11/07110 11"!!]?.1"1{] 13/0710 14/07/10 15/07M10 16/07M10 17/07110 ‘1E.ﬂ]ﬂ1ﬂ 191!]?!113 11:00. The temporal relationship between hourly discharge and conductivity is given below the

o=
2

Conductivity (mS cm™ ')
e e o
=

"

—— | 040
9 20 21 22 "%e ier 213 230 ™30 27 aa

Discharge (m° s™") Discharge (m° s™") Discharge (m° s™) Discharge (m> ™)

W"l "a % - 4. A model of water routing for a debris-covered glacier

where residence times were long,

+ (auging and meteorological stations

| .
+ Lakes and ponds sulphate concentrations.

* Supraglacial streams .Proglacial bicarbonate and ’
*  Snow samples

+ — 100 m contour " sulphate concentrations were high &

bmﬂamﬁ 19/08/11 20/08M11 21/08/11 22/08/11 23/08/11 24/08/11 25/08/11 26/08/11 27/08/11 28/08/11 | tSInce the debrls attenuates the |nput melt S|gna| and reSUItS |n d IeSS eﬂ:IC|ent SUngaC|a|

: ‘“"‘ “ system this means the flow component composed of sub-debris melt has a longer lag time
¥ al P <5 o

Surface cover type
[ Debris-covered ice compared to those for clean
P . ‘than the flow component from the clean and dirty ice which is routed efficiently from the mid

__ Clean ice glaciers (Table 1). Although a
" proportion of the ions have a " ¢ -glacier (Figure 3), thus increasing the baseflow component of discharge. Discharge and

W | * conductivity commonly showed anti-clockwise hysteresis with conductivity and discharge
L efficient drainage network |

Modelled melt/effective rainfallidischarge (m * s™)

: ] EEH]E.I’H 29/08M11  30/08/M11  31/08M11  01/09M11  02/09M11  03/09/11 04/09/11  05/0%/11  06/09/11  O7/09/11 Often riSing in phase for a feW hou rS (Figu re 4)- ThiS SuggeStS that the diIUte melt CompOnent
be N eat h t h e d e b [l S-COve red [ IClean ice melt 0] Snow melt [ Dirty ice melt [l Debris-covered ice melt [l Effective rainfall

Discharge

i ongubisthought o be the , | - from the mid-glacier (‘ice/dirty ice’ in Figure 3) likely peaks before the more ion rich ‘debris

Figure 2 Close up of proglacial discharge and modelled melt and effective rainfall for each of the different surface types
Y p red omina nt cause. (shown as an area plot) for a) Phase 2 in 2010, b) Phase 2 in 2011, c) Phase 3 in 2010 and d) Phase 3b in 2011. Note that
the y-axis has been constrained to 20 m> s™ to allow discharge fluctuations to be seen more clearly.
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Figure 1 Miage Glacier showing the location of water chemistry samples and gauging and meteorological stations.
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