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Overview 
 

One of the general findings from the latest 

Assessment Report of the United Nations IPCC  is 

that warming of the atmosphere and ocean system is 

unequivocal. There is also no doubt that this will 

impact on northern peatlands which store about 550 

Gt of carbon equivalent  to approximately one third 

of global C stocks and 75% of the total pre-industrial 

amount of C stored in the atmosphere. The question 

addressed in this study is which of the following two 

types of feedback to climate warming is occurring in 

such ecosystems: positive feedback (acceleration of 

peat decay) or a negative feedback (an increase in 

carbon sequestration rate).    

The research will explore down-core chemical 

diagenesis of peat soil organic matter (SOM) and 

assess the decay potential of deep peat exposed to 

oxic conditions, a scenario possible due to a changing 

climate or through significant land-use change. This 

project is aligned with the Carbon & Nutrient Cycling 

IAPETUS Research Theme and specifically into the 

sub-theme ii) Peatland Dynamics to Understand 

Feedback to the C Cycle. 

 
Background 
Northern peatlands currently cover approximately 2.4 

% of the Earth’s land surface, and store approximately 

one-third of global carbon (C) as water-logged peat, 

half of which is estimated to derive from one moss 

species: Sphagnum spp. Carbon accumulation occurs 

as a result of an increased rate of input of organic 

material from the surface relative to the rate of 

decomposition, due to in part the low temperatures, 

and the oxygen constraints on the degrading enzymes. 

However the rates of carbon sequestration on 

peatlands are a complex balance between carbon 

inputs and carbon outputs, with minor changes in 

plant communities, the temperature and precipitation 

regimes, the water table and the soil chemistry, 

potentially having a significant effect on carbon 

storage. 

The future role of peatlands in the global C cycle will 

depend strongly on their response to climate and land 

use change. Most sensitive here will be processes that 

influence the water table depth as this controls both 

peat formation and peat oxidation. There is evidence 

from ocean salinity patterns that global warming is 

intensifying the global hydrological cycle. These 

changes will impact upon seasonal fluctuations 

of the water table in northern peatlands. 

Continued lowering of the water table in drier 
Figure 1 The rising water table has flooded this peatland 
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periods may result in a shift in the composition of the 

plant community, potentially altering litter 

decomposability, heterotrophic respiration, and 

increased CO2/CH4 production. Similarly wetter 

periods could enhance C sequestration (Figure 1). 

The complex interactions of these controls on 

SOM storage need to be disentangled in order 

to fully understand the impact of 

environmental change on the system. Will 

changes in the water table trigger significant 

secondary aerobic decay of previously anaerobic peat, 

or will rapid climate change trigger a shift to a more 

efficient peat-accumulating system, with inherently 

slower rates of SOM decay? The answers to these 

questions are crucial to projecting feedback 

effects between the peatland C cycle and the 

global climate system. 

 
Methodology 
 

This project will combine palaeogeochemical analyses 

with environmental observation to unpick the 

processes which control SOM preservation in 

peatlands. The palaeogeochemical analyses are needed 

to understand the processes of physical and chemical 

diagenesis of peat SOM; the current environment 

characterisation is needed to understand better 

environmental controls and sensitivities on the drivers 

of peat decomposition and OM preservation. 

Intra-site homogeneity is rarely considered and to 

address this we will focus on one site. The chosen 

field site is Butterburn Flow (Figure 2) a 450 ha 

blanket bog which straddles the border between 

Cumbria and Northumberland. It is one of only four 

peat bogs in the UK which is transitional between an 

ombrotrophic raised bog and a patterned mire 

(extensive lawns and hummocks), providing a clear 

transect from bog plateau through the bog margin and 

fen lagg, comprising of hummocks and hollows at each 

of these locations along the gradient. As such it is a 

crucial field site because it comprises peatland sub-

habitats that are representative of a wide range of 

peatlands, but with homogeneity in meteorological 

conditions. 

 

We will quantify species– and trait–environment 

relationships along the peat transect by characterising 

plant species composition and functional traits and by 

measuring environmental conditions (pH, electrical 

conductivity, water-table depth and redox profiles) at 

about 10 sampling stations. Intersite and down-core 

comparisons across the macrotopographic gradient 

from the bog centre to the mire boundary will 

provide an unprecedented database for inferring 

processes of physical and chemical diagenesis of peat 

SOM that is representative of a wide class of 

peatlands in the UK. Because the abundance of 

Sphagnum moss and the degree of decay of its remains 

is mostly determined by water table depth in 

ombrotrophic bogs, precipitation and height of the 

water table will be monitored continually at 

Butterburn Flow.  

 

Litter reactivity will be assessed by respirometry of 

headspace CO2 (by gas chromatography/flame 

ionization detector (GC/FID)).  

 

Coring of the surficial peat layers (i.e. the first 0–

100 cm, which will include the acrotelm and the upper 

part of the catotelm) must be carried out with the 

greatest care in order to retrieve a perfectly shaped 

core without any compaction, in order to provide an 

accurate estimate of subsample bulk density.  

 

A detailed programme of water table monitoring will 

be undertaken over the course of 24 months, 

involving continuous measurements of water table 

depth using loggers at about 10 sites across the 

transect of the 450 ha  Butterburn Flow site which 

will correspond to the sampled peat cores. Water 

table in the dipwells will be recorded at hourly 

intervals.  

  

The application of molecular approaches to examine 

heterogeneous mixtures of organic matter (e.g. peat) 

provides detailed information on its structural 

composition. Analytical pyrolysis with combined gas 

chromatography–mass spectrometry (pyrolysis-

GC/MS) is a powerful tool for the molecular 

characterization of peat and allows analysis of 

macromolecular structures that are not amenable 

with normal GC/MS. Even more detailed information 

can be obtained with thermally assisted hydrolysis 

with methylation (THM) in the presence of 

tetramethylammonium hydroxide (TMAH). THM 

provides information on (poly)phenolic components 

of the OM by derivatisation/protection of functional 

groups. This is especially important in the analysis of 

lignin, tannins and other phenolic molecules. This is 

the best technique we have at present for the 

depolymerisation of organic C and the subsequent 

analysis of the “bound” phenols.  

 

 
Figure 2 Butterburn Flow in Northumberland 



  

 
Timeline 
 

YEAR 1 

 Field Survey. 

 Define transect from bog plateau through the bog 

margin and fen lag. 

 Collection of peat cores along this transect. 

YEAR 2 

 Installation of loggers for monitoring water table. 

 Carbon and nitrogen measurements. 

 Molecular analyses of peat as a function of 

distance from water table. 

YEAR 3 – YEAR 4 (6 months only) 

 Periodic field measurements. 

 Disseminate knowledge to journals and 

conferences. 

 

 
Training & Skills 
 

Training is fundamental to the development of 

postgraduate research students and, together with the 

DTP, University and School we provide a substantial 

training programme. Priorities for training are 

determined from the ‘Training Needs Analysis’ carried 

out in the initial supervisory meeting with the student.  

 

School training in (a) research skills and techniques 

and (b) research environment are provided through 

four mechanisms: (i) a programme of MSc taught 

modules; (ii) internal training ‘workshops’ that focus 

on key geochemical research skills and techniques; (iii) 

input from supervisors.  

 

Students receive instruction in data collection and the 

scientific method, contextualizing and problematizing 

research in biogeochemistry, planning for field- and 

laboratory work, and team and group working in 

biogeochemistry. Assessment of students in this 

module is formative. There is also extensive generic 

training offered by Newcastle University.  

 

Research training continues through the second and 

third years, and is based around a number of themes: 

Recognition and validation of problems; 

Demonstration of the original, independent and 

critical thinking, and the ability to develop theoretical 

concepts; Knowledge of recent advances within 

research field and in related areas; Understanding 

relevant research methodologies and techniques and 

their appropriate application within research field; 

Ability to analyse and critically evaluate findings and 

those of others; and Summarising, documenting, 

reporting and reflecting on progress. 
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