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Introduction  

Subglacial comminution, the mechanical breakdown of bedrock and sediments beneath 
glaciers, plays a crucial role in shaping the subglacial environment. This process generates fine-
grained sediments with fresh, unweathered mineral surfaces and high surface-area-to-volume 
ratios, making them highly reactive (Anderson, 2005). The grinding and abrasion of subglacial 
bedrock by glaciers are essential for biogeochemical cycling of nutrients such as silicon (Si), 
nitrogen (N), phosphorus (P), and iron (Fe). Studies have well established the link between 
physical and chemical weathering and its impact on subglacial meltwater chemistry (e.g. Hodson 
et al., 2004; Anderson, 2005; Raiswell et al., 2006; Tranter, 2006), as well as the influence of 
microbial communities on these reactions (e.g. Tranter et al., 2005; Hodson et al., 2008; 
Skidmore et al., 2010). However, direct studies on the release of bioavailable nutrients due to 
bedrock comminution are sparse. To date, studies looking at the eOect of comminution on 
subglacial environments have mostly focused on the release of gases and microbial energy 
sources (Telling et al., 2015; Macdonald et al., 2018; Gill Olivas et al., 2021, 2023; Gill-Olivas et 
al., 2024).  

The crushing of silicate minerals within the subglacial environment can generate hydrogen (H2) 
and hydrogen peroxide (H2O2). H2 can be produced when Si and O-Si radicals, formed during the 
rupture of Si-O bonds, react with meltwater (R1-R3; Kita et al., 1982; Telling et al., 2015). Si-O 
bonds broken by heterolytic cleavage generate H+ when they react with water (R4; Stillings et al., 
2021). H2O2 is formed when silicate radicals react with oxygen under aerobic conditions (R5-7; 
Gill Olivas et al., 2021). Transient high temperatures (120°C) can shift the balance towards more 
H2O2 generation and less H2 production (Stone et al., 2023). 

CO2 can be produced in subglacial environments through microbial respiration and oxidation of 
organic matter (Sharp et al., 1999), the release from fluid inclusions (Diamond, 2001) and the 
comminution of inorganic C-containing rocks like calcite (CaCO3) and dolomite (CaMg(CO3)2) 
(R8-9; Macdonald et al., 2018). The CO2 released from rock crushing dissolves in water, forming 
H2CO3, which drives further chemical weathering reactions, dissolving both carbonate (R10) and 
silicate (R11; Tranter et al., 2002; Macdonald et al., 2018). 

During pyrite oxidation in subglacial environments, iron(oxy)hydroxides (Fe(OH)3) are formed 
while consuming oxygen (R12; Tranter, 2003). The Fe3+ produced can further oxidize pyrite in 
anoxic environments (R13; Tranter, 2003). The release of Fe2+ allows the Haber-Weiss reaction to 
occur, generating O2, ∙OH, and OH- from H2O2 (R14-16; Haber and Weiss, 1932; Gil-Lozano et al., 
2017; Gill Olivas et al., 2023). 

  

(R1) ≡Si-O-Si≡ → ≡Si∙ + ∙O-Si≡ 

(R2) ≡Si∙ + H2O → SiOH + H∙ 

(R3) H∙ + H∙ → H2 

(R4) ≡Si+ + H2O → SiOH + H+ 

(R5) ≡Si∙ + O2 → SiOO∙ 

(R6) SiOO∙ + H2O = SiOH + HO2 
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(R7) 2HO2 → H2O2 + O2 

(R8) CaCO3 → CaO + CO2 

(R9) CaMg(CO3)2 → CaMgO2 + 2 CO2 

(R10) CaCO3 + H2CO3 ⇆	Ca2+ + 2 HCO3
- 

(R11) H2CO3+ CaAl2Si2O8 ⇆ Ca2+ + 2HCO3
- + Al2Si2O5(OH)4 

(R12) 
4 FeS2 + 16 Ca1-x(Mgx)CO3 + 15 O2 + 14 H20   

⇆	  
16 (1-x)Ca2+ + 16xMg2+ + 16 HCO3

- + 8 SO4
2-+ 4Fe(OH)3 

(R13) FeS2 + 14 Fe3+ + 8 H2O  ⇆	15 Fe2+ + 2 SO4
2- + 16 H+ 

(R14) H2O2 + Fe2+ -> Fe3+ + OH- + ∙OH 

(R15) H2O2 + Fe3+ -> Fe2+ + H+ + ∙O2H 

(R16) O2
- + H2O2 -> ∙OH + O2 + OH- 

  

 

 

Outline for experimental set up to further study the release from reactivated crushed glacial 
flour 

In a first ICEBIO experiment, crushed sediment was mixed with ultrapure water directly after 
crushing and the concentration of Si, P, Fe and N into solution was measured. The results already 
show a diOerence of released nutrients when comparing crushed and non-crushed sediments. 
The release of Si, P and Fe from the sediment into solution is significantly higher for the crushed 
sediments compared to non-crushed sediments. For the N-species, the concentration of N in 
solution in form of NO2

- is higher for crushed sediments, while the release of NO3
- is higher for 

non-crushed sediments. For the concentration of NH4
+ in solution there is no significant 

diOerence between crushed versus non-crushed sediments. 

Further to this initial experiment, we outline here a crushing set up to follow up on these first 
findings (Figure 1). The aim is to further explore how the comminution of glacial sediment 
samples such as glacial flour and basal debris directly impact the release of bioavailable 
nutrients from reactivated crushed glacial flour. In order to do so, glacial samples like fine glacial 
sediment and basal debris collected at the margin or from the subglacial environment of a glacier 
should be used. It is important to determine the mineralogy of the rocks and sediment in a set-up 
with natural samples, as, for example, impurities such as carbonates in silicate rocks could aOect 
the reaction products of abrasion processes (Gill-Olivas et al., 2024).  
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Figure 1: Outline for a crushing experiment to study the release of nutrients (Si, N, Fe, P) into solution. 

In the suggested setup, rock samples are broken into smaller pieces using a sledgehammer and 
a steel plate prior to milling. The dried debris and sediment samples are sieved to obtain the 
2mm- 125µm size fraction and crushed using a gas-tight agate ball mill. The crushing can be 
conducted under oxic and under anoxic (under a N2 headspace) to simulate diOerent REDOX 
conditions found in subglacial environments. Previous crushing experiments have been 
conducted using dry sediments (e.g. Telling et al., 2015; Gill Olivas et al., 2023). However, to 
mimic the subglacial environment and to explore what immediate rock-water reactions take 
place during crushing, the same experimental set up should be conducted once with dry and 
once with wet sediments. Aliquots of the crushed sediment samples are transferred into 
centrifuge tubes and ultrapure water is added. The water is hereafter measured for the 
concentration of Si, N, Fe and P to study to what extent the nutrients are released into solution 
from the sediment samples directly after crushing. 
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