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Overview 
 

The hadal zone of the ocean represents one of the final 

frontiers of human exploration left on earth. With 

depths of 6,000 m to full ocean depth (10,925 m), the 

hadal zone comprised 47 trenches, troughs, fracture 

zones and other geological features. These distinct and 

disjunct ecosystems are home to a diverse community 

of fish and invertebrates, who are adapted to withstand 

extreme hydrostatic pressure, near freezing 

temperatures, and limited food availability. Even with 

advances in technology, our knowledge of the hadal 

zone is greatly underrepresented in comparison to 

shallow marine ecosystems.  

Figure 1. Map of global ocean depths where the hadal 

regions are represented in red dots.  

 

Our current understanding of the carbon inputs to the 

hadal zone and what fuels these unique ecosystems is 

limited. Little is known about what the primary carbon 

sources are and how they vary across hadal zones 

across the globe. The much of the work that has been 

done to date has used oxygen sensors and measured 

higher oxygen consumption and sedimentation at 

Challenger Deep in the Marianna Trench compared to 

on the nearby abyssal plain which corresponds with 

greater carbon mineralization (Glud et al., 2013). 

Additionally, the δ13C pattern in sediment from the 

Mariana, Mussau, and New Britain Trenches indicate 

terrestrial inputs with greater total organic carbon 

(TOC) inputs for hadal zones closer to land (Luo et al., 

2018). 

 

Additionally, the hadal trenches represent unique 

locality and have form as the result the convergence of 

tectonic plates. These trenches represent the only 

places on earth where relatively young carbon from the 

biosphere is subducted to the mantle. The steep slopes 

and topography associated with hadal trenches has 

been proposed entrap more settling detritus than the 

surrounding abyssal plain. This means that the 

understanding the carbon accumulation and 

mineralization within hadal trenches is likely an 

important missing link in our understanding of the 

short- and long-term global carbon cycle. 

 

For this project, the student will conduct the first 

systematic study of carbon inputs the hadal zone using 

biomarkers to determine the primary organic carbon 
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(Corg) input source and then assess the relative 

contributions of other potential Corg sources. 

 

  

 
Figure 2. Examples of fauna living at hadal depths. Top: 

Group of snailfish clustered around bait in the Atacama 

Trench. Bottom: Predator amphipod, Princaxelia 

jamiesoni, collected from 8000 m in the Mariana Trench. 

 

 
Methodology 
 

Between 2018-2019, sediment cores will be collected 

from range of hadal trenches, troughs, fracture zones 

and depressions using autonomous landers as part of 

The Five Deeps Expedition, which, will visit and study 

the deepest locations of all the five oceans 

(https://fivedeeps.com/). At each location, a 40 cm in 

sediment core will be collected and sampled in 1 cm 

increments. Biomarkers are a proven tool to identify 

and track Corg inputs (Abbott et al., 2017; Schellekens 

et al., 2015) and will be used in this study for the first 

time in a hadal setting. The relative contribution of 

potential Corg sources will be carried out through 

analysis of four potential primary sources: lignin and 

tannins (to explore the possibility of long range 

transport of terrestrial material), phlorotannins, fatty 

acids, and chitin. A variety of powerful tools will be 

employed to characterize the molecular composition 

of the sediments. These include pyrolysis coupled gas 

chromatography-mass spectroscopy for lignin and 

tannins representative of terrestrial sources 

(Schellekens et al., 2015), as well as free, bound and 

hydroxy fatty acids from seagrasses. High performance 

liquid chromatograph with UV photodiode array 

detection for phlorotannins form brown algae and 

wheat germ agglutinin (WGA) fluorometry assay for 

chitin. By normalizing the concentration of each 

biomarker to the TOC of each biomarker the relative 

contribution can be and the contribution to hadal 

trench the Corg accumulation can be estimated. By 

moving down along the core the relative degradation 

of each compound by sedimentary microbial 

communities will be estimated.  

 

As this studentship is part large project to understand 

the ecology and geology of the hadal zone, the selected 

student will work in conjunction with team of highly 

skilled interdisciplinary scientists. The geologist at the 

BGS will be using bathymetry to study the habitat 

heterogeneity and the distribution of seabed sediments 

and with a corresponding core examining the rates of 

particulate and organic particulate matter 

accumulation. While ecologists at Newcastle 

University will be investigating the diversity and 

structure of the hadal scavenging faunal community 

composition using DNA barcoding and stable isotope 

analysis (δ13C & δ15N). The selected student will have 

ample opportunity to collaborate and contribute to 

parallel studies. 

 

 
Timeline 
Year 1: 

 Skills Evaluation 

 Initial Literature Review 

 Training for pyrolysis GC-MS  

 Soxhlet extraction for biomarkers from 2018-

2019 cores 

 WGA assay 

Year 2: 

 Pyrolysis/GC-MS of extracts 

 Carbon and nitrogen analysis 

 Analysis of global distribution and variation 

 Paper 1 

 Opportunity to present findings at a UK-

based conference 

Year 3: 

 HPLC analysis 

 Geochronology analysis at BGS 

 Statistical and geochronological analysis of 

biomarker data 

 Papers 2 and 3 

 Opportunity to present findings at an 

international conference 

Year 3.5 

 Finish writing and submit thesis 
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Training & Skills 
 

This project will offer the selected student a 

tremendous opportunity to receive the not only highly 

specialized training in biomarker analysis training but 

also gain broader interdisciplinary skills. Upon arrival a 

skills evaluation and meeting will take place with the 

supervisory committee to identify needs and develop a 

skills training plan.  

 

Key skills learned or developed will include an 

understanding of cutting-edge methods for organic 

geochemistry sample preparation, extraction, and 

analysis, which will take place at Newcastle University 

under the supervision of Drs Abbott and Flynn.  

 

Additionally, at the BGS with Heather Stewart the 

selected student will learn techniques for determining 

and interpret the geochronology of sedimentary cores. 

 

Furthermore, throughout the duration of the 

studentship the student will have the opportunity to 

take part in not only the IAPETUS specific training but 

also Newcastle University’s postgraduate researcher 

development programme, which will complement the 

offered technical training and focus on employment-

related skills including writing proposals and oral 

presentation skills. Opportunities to present at 

research conferences will provide important 

networking opportunities to develop contacts and 

future collaborations. Overall the student should by the 

end of the 3.5 year will be a well-rounded and highly 

employable scientist with well-developed research and 

critical thinking skills. 
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