1 Supplementary Material

I

Reducedice shelf &3

Extended ice shelf

Sitosterol Reduced ice shelf

Extended ice shelf

—

2
Distance from grounding line (km)

Distance from grounding line (km)

80 71 56 52 25 80 1 56 52 25
Distance from grounding line (km) D%stance from grounding line (km)
HBI I Reduced ice shelf 35 Dinosterol Reduced ice shelf 5 -
Extended ice shelf BT Extended ice shelf 120 §
= o]
20 § s i
[a]
153 S
5 Lo D
10% =
5 8 LS lé‘
=] . 0 &
80 1 56 52 25
D|75tance from grounding line (km) D|stance from groundlng line (km)
Brassicasterol Reduced ice shelf g =|Cholesterol Reduced ice shelf %on
Extended ice shelf i ; Extended ice shelf o
8 3
200T
=3
1508
A
f 100
s 3
Q 50 &
g o
] o &
80 71 56 52 25 180 71 56 52 25
Distance from grounding line (km) Distance from grounding line (km)
230 : <~ |10
Thxs Reduced ice shelf o Be Extended ice shelf Reducediceshelf <,
Extended ice shelf 0.7
5 (I
06 5 =
05% 082
o )
z-:g 06 2
= 045
023 2
o 02
0 0
80 71 56 52 71 56

E——— Laminated, ice shelf present

I Rioturbated with IRD, reduced ice shelf

Figure 1: Biomarker and inorganic proxy results for marine sediment cores shown with distance from the modern grounding line
for bioturbated units with IRD (reduced ice shelf; shaded in block colours) and laminated units (extended ice shelf; shaded in black
horizontal lines) for concentrations of: IP2s, HBI II, brassicasterol, sitosterol, dinosterol, cholesterol, 2>*Thxs and '°Be. Distance
from the grounding line is scaled accordingly on the x-axis. The extent of the Petermann Ice Shelf in its extended and reduced state

is marked (blue arrows) according to Reilly et al., 2019.
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Figure 2: Total organic carbon (TOC) and total nitrogen (TN) shown (top panel) with biomarker data normalised to TOC shown
in the other panels: IP2s, HBI II, brassicasterol, sitosterol, dinosterol, cholesterol. Distance from the grounding line is scaled
accordingly on the x-axis. The extent of the Petermann Ice Shelf'in its extended and reduced state is marked (blue arrows) according
to Reilly et al., 2019.
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Figure 3: IP2s vs HBI II concentrations for all sites in this study. The R? value is displayed.

PBIP25 index

The PIP»s index was calculated using the following Eq. (1) (Miiller et al., 2011):

1P
PIP,s = 25 "
(IP25+(phytoplankton marker xc))

Where c is the balance factor, Eq. (2):

_ mean IP,5 concentration )

mean phytoplankton biomarker concentration

Brassicasterol was used as the phytoplankton sterol (PgIP»s index).
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25 Figure 4: The PgIP2s index for reduced ice shelf (solid colour) and extended ice shelf environment (horizontal lines).
Estimates of '°Be delivery to Petermann Fjord

Atmospheric deposition

*  Flux of '"Be= 522962.48 atoms/cm?/year (79.5256° N, 61.8750° E) = 5.23 - 105 atoms/cm?*/year (Heikkili
et al., 2015). Global average flux is 1.09 - 10° atoms/cm?/year

30 *  Area of fjord exposed (expanded)= 289 km? = 2.89 - 10'2 cm?
»  Area of fjord exposed (reduced)= 1208 km? = 1.208 - 10'* cm?
Flux of atoms to fjord (reduced ice shelf) = 1.208x10"3cm? - 5.23 + 10° atoms/cm?/year = 6.37- 10'® atoms/year

Flux of atoms to fjord (expanded ice shelf) = 2.89x10'2cm? - 5.23x10° atoms/cm?/year = 1.51 - 108 atoms/year

35 Figure 3: Estimates of the area of Petermann Fjord in the reduced (left) and extended (right) ice shelf configuration. Analysis
undertaken in QGIS.

Basal and subglacial melt

«  Concentration of '°Be in Greenland ice sheet = ~1.5 - 10* atoms/g ice (Yiou et al., 1997)
*  Density of ice= 0.9 g/cm?

40 *  Basal melt =257 m®%/s = 8.1 - 10° m%/year = 8.1 - 10'S cm®/year (Washam et al., 2018)
*  Subglacial runoff = 110 m%/s = 3.47 x 102 cm*'yr (Washam et al., 2020)

Basal melt + subglacial runoff = 367m?/s = 1.16 + 10'¢ cm®/yr
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Mass lost per year = 1.16 - 10" cm*/yr - 0.9 g/cm® = 1.042 - 10'® g/yr
19Be atoms/yr = 1.042 « 10'° g/yr - 1.5-10* atoms/g ice = 1.56 - 10?° atoms/yr

Lateral advection

* !°Be in Arctic sea water at ~ 1000 m water depth = 500 atoms/g (Frank et al., 2009)
+ Inflow of AW towards glacier = 3.03 - 10° m%/s
*  Density of AW = 27.9 kg/m*= 27,900 g/m3

19Be per m? of AW = 500 atoms/g + 27,900 g/m? = 1.395 - 107 atoms/m>

Annual volume of AW inflow = 3.03 + 10° m%/s + 31,536,000 s/yr = 9.56 - 10> m*/yr

19Be inflow per year = 1.395x107 atoms/m?> + 9.56x10"3 m*/yr = 1.33 - 102! atoms/yr (in 2015)
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