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Into the white. John-Henry and Glen push on through whiteout during our first
traverse of the Vatnajokull Icecap.
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John-Henry, Oliver and Glen on the summit of ‘Dome 1’ on the Northern side of the
Vatnajokull icecap. The cairn in the foreground is where the handwritten note from
the 1932 expedition was found.
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Our camp on the icecap. This tent served functioned as a fully functioning laboratory
in the first ever example of fully off-grid DNA sequencing.
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The team relaxing at basecamp after achieving our historical, scientific and
mountaineering objectives.

Our camp on the coldest night of the expedition: mid-way through the return icecap
traverse.
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Final sunset of the expedition

The darkest that it got on the final night of the expedition
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1. Introduction

Early in 2018, we discovered the diary of the 1932 Cambridge Expedition to
Vatnajokull. This diary contains a superbly written and entertaining account of an
incredible feat that a team of six Cambridge undergraduates undertook during the
summer of 1932. Against the odds, with no prior polar experience, this team of six
completed the first double crossing of Europe’s largest icecap unassisted and
unguided. Soon after the discovery of the diary, we found their scientific publications,
their maps and their photographs from the expedition.

These discoveries sparked an idea that, through a combination of long hours,
determination and luck, led to one of the most formative projects that any of us has
been a part of to date.

Due to the inaccessibility and hostile conditions on the Vatnajokull, the area that the
1932 team studied is visited extremely rarely. Our plan was to repeat the 1932
expedition as closely as practically possible in 2019. Among other aims, we planned
to follow their route unguided and unsupported, rediscover evidence that they left
behind and push the boundaries of expedition science as they did. Retaking their
photographs and resurveying their basecamp would also give us an insight into long
term changes taking place in this unique environment.

We are proud of our expedition results. Our scientific programme represented a
step-change in the field of remote DNA sequencing, with our findings published in
the scientific journal ‘MDPI Genes’. Amongst other successes, our historical
programme re-discovered a handwritten note that the 1932 team had left in a cairn at
their basecamp on the northern edge of the icecap. Most importantly, we all returned
safe and happy.

This expedition was much more than the highs and lows of our time on the ice. The
training, fundraising, promotion, logistics and research challenged us in multiple
dimensions. These challenges have developed us all as individuals and as a team.

This expedition would not have been possible without a great number of people, to
whom we are truly grateful. A full list of these people can be found later in this report.

This report is intended to provide the reader with a comprehensive overview of the
Return to Vatnajokull Expedition 2019. We hope that it also provides a flavour of the
incredible journey that we were incredibly fortunate to experience, along with an idea
of the time and effort required to organise a successful expedition on this scale.
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If you are using it as a basis for planning your own expedition or have any other
feedback, please do not hesitate to get in touch. We would be happy to provide as
much advice and assistance as we are able to.
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2. Expedition Overview
2.1. Aims and objectives

This expedition set out to repeat both the physical route and the scientific expedition
spirit of the 1932 Cambridge expedition to the Vatnajokull icecap in Iceland.

Our expedition had three key aims:

Historical: The 1932 team spent 7 weeks on the icecap, plus several weeks either
side on the South coast of Iceland. During their time in civilisation, they met with
many local people and took a diverse range of photographs that show the livelihoods
of the Icelanders in the 1930s. Whilst on the icecap, they took many more
photographs and recorded their adventures in their diaries.

Our expedition’s first aim was to repeat their route as closely as possible and visit
the key locations of the 1932 expedition. We aimed to discover any records of their
visit that remained both on the south coast and at their basecamp. We also aimed to
retake as many of their photographs as possible and connect with the environment
as they did.

Scientific: A major focus of the 1932 expedition was scientific data collection. At
their basecamp on the northern edge of the icecap, they conducted detailed
botanical, ornithological, glaciological and geological surveys. They also drew maps
of this unique location.

Our expedition aimed to conduct environmental surveys that would provide an
insight into any long term changes taking place in this rarely visited landscape. We
also aimed to push the boundaries of expedition science by becoming the first team
to conduct fully off-grid microbial DNA sequencing. Developing this technology
opens the door to a much wider understanding of the life forms that exist in the most
remote corners of our planet.

Adventure and personal development: Before we began the expedition planning
process, our team possessed limited experience of independent polar travel.
Training, fundraising and rising to the challenge of surviving unguided in one of the
planet’s most hostile environments provided multiple life lessons.

2.2. Location

The Vatnajokull Icecap forms an 8000km? frozen plateau between Iceland’s two
highest mountain ranges. Due to its position in the Atlantic Ocean and proximity to
the coast, the Vatnajokull is associated with unpredictable weather including
extremely high winds and heavy snowfall. As we discovered on our expedition, it can
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also rain heavily, even in the middle of the icecap. Situated in the south eastern
corner of Iceland, the Vatnajokull is Europe’s largest icecap.

2.3. Overview of findings

Historical: Our historical rediscovery began in the town of Ho6fn on the South
Eastern corner of the icecap. This was where the 1932 team landed in Iceland - we
found records of their visit in the local museum and library, along with the buildings
that they stayed in pre-icecap.

Our guide onto the Icecap was the grandson of the guide that the 1932 team used.
During our expedition, we read their diary “An Iceland Adventure” in real time as we
experienced the same locations.

On the northern edge of the icecap, we scaled ‘Dome 1’, a totem looming over the
1932 basecamp. In a cairn on the summit we found fuel cans and, inside, a sealed
tin containing a handwritten note from the 1932 team. This was a historical artefact
that had never been seen before (confirmed by the National Park). We were also
able to retake several of their photographs and re-map the glacial lake,
Thorbergsvatn.

Cairn on the summit of Dome 1

10
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Note from 1932 team, found inside a tin buried in the cairn on Dome 1

Scientific: Our microbial sequencing effort saw us successfully shrink a DNA
sequencing laboratory into a lightweight and small enough size to fit into a sledge.
This was designed as a modern twist on the flora and fauna surveys conducted by
the 1932 team. We achieved over 24 hours of sequencing of a DNA sample
extracted on the ice cap, comparable to what would be expected in a full size
laboratory. All power for this was derived from solar energy ensuring this kind of
experiment could be run over and over again during the expedition without relying on
exhaustible fuels. This work has resulted in a peer-reviewed publication (Appendix
VIII). This can be found at: https://www.mdpi.com/2073-4425/10/11/902
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Left: Glen in the lab. Right: Laptop running the DNA sequencing programme while
charging from the solar panel.

Adventure and personal development: This expedition tasked us with organising a
project on a greater scale than we had experienced before. Prior to the expedition,
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sourcing sufficient funding, adequate training, and logistical arrangements proved a
steep but invaluable learning curve. During the expedition itself fresh challenges
forced us to develop further. In particular, we had to balance the urge to push on
quickly with restraint. This was important in developing a relaxed approach that kept
us well-fed and rested to give our scientific work the highest chance of success.

The team skiing around the lava domes, underneath the Kverkfjéll mountain range

12
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3. Expedition maps
3.1. Whole route maps

13
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3.2. Basecamp maps

Basecamp of the Cambridge Vatnajokull expedition 1932
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4. Team

Our team consisted of three friends with a passion for the outdoors who met whilst
studying together at University. The complementary strengths and good-humoured,
competent nature of the team was the bedrock on which all of this expedition’s
successes were built.

Oliver Vince
Expedition Leader

Oliver's aims were to travel and live safely and comfortably in the harsh environment
of an icecap. The scientific output and lack of mishaps on this expedition are a
measure of success in this area. Before starting the expedition, Oliver had
experience leading climbing and mountaineering expeditions in the UK and Alps, as
well as expedition experience in the Atlas Mountains and the Malaysian Rainforest.
More broadly, Oliver had lead a wide range of projects, experience that became
invaluable during the organisation and fundraising parts of this project.

Oliver was primarily responsible for the overall logistics of the expedition, along with
the historical research elements and the 3D mapping. As adventure filmmaking is a
personal passion, Oliver also took primary responsibility for the film and photography
aspects of the expedition. Oliver graduated with a degree in Engineering Science in
2016 and is currently finishing his PhD in cancer research.

15
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John-Henry Charles
Technical Lead

John-Henry’s primary aim for the expedition was to develop his polar experience, to
build a platform for further cold-environment, ice-cap expeditions in the future.
John-Henry is also interested in guiding (both in mountains and ice-caps), and
wanted to further develop some of the technical skills for this profession. John-Henry
took responsibility for route-planning, cooking, and safety - basically trying to ensure
there were no major worries to distract Glen from his science and Oli from his filming.

Having previously completed an unsupported ski crossing of the Hardangervidda,
with time spent on two Arctic expeditions (to Svalbard and the Canadian High Arctic),
John-Henry had the most polar travel experience of the team. He also has extensive
climbing and mountaineering experience across Europe, Middle East and North
Africa, leading up to E1 Trad and IV Scottish Winter. He’'d aso done a few
long-distance cycles (including Oxford - Istanbul and length of Norway). He has an
Earth Sciences Degree from the University of Oxford.

16
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Glen Gowers
Scientific Lead

Glen sought to combine his two major interests; the outdoors and DNA sequencing
to execute a scientific programme inspired by the 1932 expedition. Using skills
developed during his PhD in Biotechnology, he aimed to identify microbial
communities, present at their basecamp, using a miniaturised solar-powered DNA
sequencing laboratory. Additional ambitions for the expedition: To gain experience in
challenging polar environments with the aim for future ice-cap ski expeditions and
trans-ocean sailing expeditions.

Glen has previous experience on offshore sailing expeditions and other expedition
experience in the UK, Alps, and Tanzania. In addition to the scientific work, Glen was
determined to upskill his polar skills including nordic skiing, pulk pulling, and snow
campcraft.

17
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5. Acknowledgements

This expedition could not have been a success without the support of the following
individuals.

Firstly we would like to thank our respective partners, Jojo, Khristy, and Sian, for
their support during the planning and expedition phases. Having their respective
shoulders to lean on at all times was a privilege.

After landing in Iceland, Sam Cornish, Joe Cornish, and Daniel Bergmann offered
unrivaled logistics support in the most oversized (but entirely appropriate) vehicles.
Such good humoured friends were very welcome for calming our nerves in the days
immediately before departure onto the icecap.

We are extremely grateful to the whole team at Glacier Jeeps for their patience when
providing us with advice prior to our arrival in Iceland and their reliability and
competence when guiding us onto and away from the expedition start point. We owe
particular gratitude to Bjarni and Bjarney (especially for being willing to appear on
camera!). The team at the Hofn Glacier Museum were very helpful in digging through
their archives for records from 1932. The filming and historical programmes of this
expedition would not have been possible without the support and permits from the
Vatnajokull National Park, for which we are also grateful.

We are very grateful to Harris for his efforts towards this expedition early on,
including on our Chamonix training trip. Richard Mansfield deserves special thanks
for putting up with us in Chamonix and providing us with crucial safe glacier travel
training. Declan and Phillipa offered fantastic advice on the technicalities of crossing
Vatnajokull on skis. We are extraordinarily grateful (in hindsight!) for suggesting
camping on the cairngorm plateau in a storm in January as an adequate proxy for
the Vatnajokull. This turned out to be the most valuable training trip we could have
had.

Our scientific microbial sequencing work could not have been possible without the
help and support of Arwyn Edwards who from day one offered invaluable advice for
converting a laboratory to something that could be carried on a sledge. Special
thanks to Sara Rassner and Andre Soares for their help during a scientific training
trip to Abersytwyth. Ingeborg offered fantastic local scientific knowledge before and
after the expedition, for which we are extremely thankful. And finally, a thank you to
Tom Ellis who allowed us to borrow his laptop and for continued scientific support.
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We are enormously grateful to all of the funding bodies that contributed to this
expedition (see section 12). Particular notable thanks should go to Lorraine Craig, of
the Imperial Exploration Board, who was an early advocate for this expedition and
offered regular and invaluable advice throughout the planning phase. In particular
the Imperial Exploration Board allowed us to borrow a fantastic tent which proved a
perfect laboratory, bedroom, kitchen, living room, and, at times, lavatory.

Mark Walker from Exped Adventure taught John-Henry how to camp on snow and
ice, and gave all sorts of tips on how to engage and survive in very cold places.

Additional thanks to Nick Putnam, Mark Walker, James Lam, Will Hartz and Mike
Searle for their combination of advice and advocacy.

We would additionally like to offer a note of thanks to previous expeditions that
provided detailed reports. It cannot be overstated how helpful detailed reports of
similar expedition can be to avoid reinventing the wheel at every turn. Particular
acknowledgement to Spitsbergen Retraced 2016 and the British Stauning Alps
expedition 2017. We sincerely hope that this report can prove as useful a resource
as we found these previous expedition reports.
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6. Historical discovery

6.1. 1932 Expedition

In July 1932, 6 undergraduates from the University of Cambridge with no prior polar
experience made the first double crossing of the Vatnajokull icecap in the south
eastern corner of Iceland. In just over a month, the team used pack ponies, skis and
their feet to travel unsupported over 120km on the icecap and then a further 60km
into the volcanic desert to the north of the glacier.

Storms, the summer melt and failing equipment made their journey incredibly tough
going and prevented them from achieving all of their original expedition goals.
Despite this, they were the first team to spend any length of time in this area and
subsequently returned with a wealth of geological, glaciological, ornithological and
botanical information along with the first accurate maps of the area and a collection
of over 200 stunning photographs of their expedition. Their published account of the
expedition describes their journey in graphic detail.

The 1932 team consisted of explorers who went on to excel in polar research. The
team included Brian Roberts, an explorer and diplomat who played a key role in the
development of the Antarctic Treaty and William Launcelot Scott Fleming, a former
director of the Scott Polar Research Institute and Chaplain to the Queen. Both men
were recipients of the Polar Medal for their services to the Antarctic Treaty.

6.2. Bibliography

Before departing on the expedition, we consulted a variety of sources related to the
1932 expedition. This included visiting the Scott Polar Research Institute in
Cambridge where all of the original correspondence, news articles and diaries from
1932 are held.

Sources of information on the 1932 expedition include:
e The original expedition diary of B. B. Roberts, the expedition leader, held at
the SPRI in Cambridge.
e An Iceland Adventure, J. A. Beckett (the team’s personal account of the
expedition, published as a book). We took a copy of this on the expedition and
read it in the same locations.

20
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e The Cambridge Expedition to Vatnajokull, 1932, B. B. Roberts, J. A. Beckett,
W. V. Lewis, F. W. Anderson, W. L. S. Fleming and P. Falk, The Geographical
Journal, Vol. 81, No. 4 (Apr., 1933), pp. 289-313 (the scientific papers of their
expedition plus a transcript of a discussion at an evening meeting of the Royal
Geographical Society about the expedition with Admiral Sir William
Goodenough)

e The Cambridge Expedition to Vatnajokull, Emmanuel College Magazine
1931-32 28(1) 13-17, held at the SPRI

e Iceland papers Volume 1. Scientific results of Cambridge Expeditions to
Iceland 1932-38, B. B. Roberts

The full collection of photos taken by the 1932 expedition can be found here:
https://www.spri.cam.ac.uk/picturelibrary/cataloqgue/cev1932/qallery/

6.3. Pre-icecap findings

We met several people in both Hofn (at the Glacier museum and in the library) and
Vagnnstadir who knew of the 1932 expedition. Most notably, the team at Glacier
Jeeps (Bjarni and Bjarney). Bjarney was, in fact, the grandson of Skarpajeddin, the
guide for the 1932 team. We had the pleasure of interviewing Bjarney and looking at
old photographs and old skis from the 1932 team. Before we’d begun our historical
re-photography effort, we'd been dropped off on the ice-cap by a living connection to
the 1932 team, making for quite a special expedition start.

6.4. Icecap

Our main reflection from our time on the Icecap with regards to the 1932 team is that
they must have had a much tougher experience than us (and were probably just
tougher). Their equipment paled in comparison to what we were fortunate enough to
bring (notably food, navigation, safety comms, tent, waterproofs).

In addition, satellite imagery and access to accounts from people who have
previously visited the lcecap allowed us to make better preparations than they ever
could have done. Decades of climate measurements adivsed us to conduct our
expedition in April, thus avoiding the worst of the winter storms and the summer
melt. The 1932 team went in July/August during the worst of the summer melt and
had to travel by night to avoid falling into pools of meltwater. Nowadays, no-one
ventures into the middle Vatnajokull during the summer. We hardly saw any
crevasses, whereas they record multiple incidences where they nearly lost either
team members or critical equipment into cavernous crevasses.

21


https://www.spri.cam.ac.uk/picturelibrary/catalogue/cev1932/gallery/

Return to Vatnajékull Expedition 2019 - November 2019 report

6.5. Cairn

In the 1932 diary, they mention that they left a ‘record of their visit’ in the Cairn on
the top of ‘Dome 1'. Before departing, we weren’t even sure of the exact location of
Dome 1 - it is not apparent in satellite imagery nor is it marked on any subsequent
maps of the area. We arrived at the northern side of the ice cap in thick fog and set
up camp for the night. By some level of chance when the skies cleared in the
morning we were camping right in front of a large dome, unmistakably resembling
the photos from 1932.

The 2019 team on top of the ‘Dome 1’ (named by the 1932 team).

With haste we scouted a route off the ice cap (probing for crevasses as we went)
and scaled the dome. To our amazement a noticeable Cairn was clearly visible and
a corner of rust within it caught our eye. Moving aside a few rocks revealed a series
of weathered fuel cans. Though we were nearly certain this was from the 1932 team
we didn’t want to get our hopes up until we had good proof. After some digging
through the ice-bound fuel cans we found a sealed “24-hour ration Horlicks Malted
Milk Tab” tin, caked in rust. Gently removing the rubber sealing we found a waxed
note inside. This note contained a record of the names, college affiliations, and
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expedition roles of each of the 1932 members. Fantastically, though, a handwritten
sentence survived at the top of the note reading “Camp on lateral morraine below
this point from July 14th-28th 1932”.

The note. The handwriting at the top reads ‘Camp on lateral moraine below this point
from July 14th-28th 1932’

23
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6.6. Re-photography

We were able to repeat many of the 1932 team’s photos. These include photographs
of the landscape and of their day-to-day experiences during the expedition. A few of
our best repeats are included here.

-

Unpacking the tent

Resting on the approach to Kverkfjéll

24
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‘Chilling’

‘Posing’

The cairn containing the note from the 1932 team (on ‘Dome 1)

25
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Skarpjedinsjokull: the glacier that the 1932 team named after the guide who showe
them the way onto and away from the icecap on the south coast. This glacier
tumbles almost vertically from the summit of Skarphedinstindur (also named after
their guide), Iceland’s second highest peak (at 1936m). This peak is the highest in
the Kverkfjéll range. As the 2019 photograph is taken in April (not July), there is
more snow. However, the glacier tongue has still visibly shrunk over the past 87
years.

26
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7. Microbial research

Research permits are shown in Appendix VII.

This work has been published in an open access and peer-reviewed journal, MDPI
Genes in the ‘Metagenomics in situ’ Special Issue (Appendix VIII):
https://www.mdpi.com/2073-4425/10/11/902

7.1. Background

Travelling to the remote northern edge of the Vatnajokull ice cap in 1932, little was
known about the flora and fauna of the region.

“Our object was to study all the forms of life, both floral and faunal, inhabiting
a given area”

The Cambridge Expedition to Vatnajokull, 1932, The Geographical Journal Vol 81, 4 (1933)

Their inquisitive and thoughtful study to characterise the life in this remote and
changing region was a source of inspiration for our expedition. Where they
contributed new insights into the types of visible life found in the remote northern
region we decided to turn our attention to characterising the little known world of life
invisible to the naked eye. Microbes (bacteria, and other single celled organisms)
play an enormously influential role in ecosystems. Only recently have we
appreciated their abundance and importance in extreme polar environments. Our
ability to study these organisms has thus far relied upon taking samples back to a
laboratory where DNA sequencing can be conducted to identify species. A major
drawback to this approach is the propensity for samples to change and degrade over
time. As we aim to study more and more remote corners of the earth the time
between sample collection and analysis grows, increasing the chance of sample
alteration or degradation significantly. The result of this is well characterised
microbial communities in close vicinity to Western research institutions but a lack of
data representing the rest of the globe, particularly the most inaccessible regions.
Recent developments in DNA sequencing technology (Oxford Nanopore
Technologies) has resulted in a handheld device that can plug into a laptop. This
step change in technology has allowed researchers, such as Dr Arwyn Edwards, to
take these devices to remote places and demonstrate that DNA can be sequencing
in situ, eliminating the need to take samples. To date, however, such endeavours
have made us of significant infrastructure, such as generators and vehicles. We saw
an opportunity to demonstrate the ability to conduct DNA sequencing entirely off grid,
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out of a sledge, using solar power alone. In demonstrating this we hoped to create a
blueprint that could mean anyone could sequence, and characterise, any microbial
community in any remote corner of the planet. And so, in the spirit of the 1932 team
we aimed to meaningfully contribute to the scientific community by studying life
forms in the most remote places.

7.2. Sequencing off-grid

With modifications to our lab equipment we were able to fit the entire SledgelLab
(excluding laptop and solar panel) into 2x 9L boxes that could fit widthways in the
back of the sledge. The only piece of equipment not transported in a sledge were the
flowcells, the one-time use devices that perform the sequencing. These were carried
on our person for the whole traverse.
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The contents of our 2x 9L boxes comprising the majority of the SledgelLab

7.3. Preventing flowcells from freezing

A critical requirement for sequencing using Oxford Nanopore sequencing is to use
‘active’ flowcells. These devices plug into a laptop and are about the size of a thin
phone. Flowcells, containing biological material, can rapidly degrade if allowed to
freeze and therefore it was imperative prevent flowcells from freezing for 11 days
while we traversed the ice cap and prepared for the experiments at our northern
edge base camp. During the outbound flight the flowcells were kept in a polystyrene
box with a cool pack previously kept at 4°C. This maintained a consistent

28



Return to Vatnajékull Expedition 2019 - November 2019 report

temperature of 9°C during transit. During the ski traverse, warm temperatures were
achieved by placing the flowcells in a tupperware box and stringing this around
Glen’s neck. The temperature was monitored continuously using an aquarium
thermometer with the probe attached to the outer edge of the tupperware box.
Temperature could be regulated by moving the box between layers of clothing and
layering more clothing on top. Interestingly, the wind direction and strength was a
more significant factor than ambient temperature and windproof clothing layers were
essential. At night the flowcells were kept inside the sleeping bag attempting to keep
them upright as much as possible. Below is the temperature graph for the entire
expedition showing that the temperature never dipped below 9°C, thus validating this
method for keeping them warm. Ambient outside temperatures reached a minimum
of -16°C during the expedition. Interestingly, at night the flowcells got oo hot and at
one point exceeded 30°C, the limit recommended by Oxford Nanopore, thus
validating the impressive thermal retention properties of the Mountain Equipment
Lamina Z -30/34 sleeping bag and making for an uncomfortable night sleep for both
Glen and his flowcells.
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Data from the temperature logger kept with the 2 flowcells during the expedition

7.4. Conducting solar-powered sequencing (solar-seq)

The final challenge once we could extract and prepare enough DNA was to maintain
laptop power long enough to collect a meaningful amount of data. Oxford Nanopore
sequencing runs a computationally intensive programme which can be run offline
using a version obtainable from Nanopore directly. This poses a problem where a
normal laptop battery may only last a few hours in cold conditions. Ideally
sequencing runs should continue for 24-48 hrs to obtain sufficiently large datasets.
We opted for solar power to generate enough power to achieve this. We pre-charged
3x 20,000 mAh power banks using a Mobile Solar Chargers 90W solar panel which
packs down to the size of a thin briefcase. This solar panel could easily achieve 21V
with 2-3 A during the long days, even in cloud conditions, presumably owing to the
reflectiveness of ice. During the sequencing run the PowerAdd battery was plugged
into the solar panel continuously and simultaneously connected to the laptop when
required to maintain laptop charge between 60-80%.
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7.5. Results

We extracted DNA from a soil sample collected from the Hveragil hot spring gorge
just north of the ice cap. Our DNA extraction protocol yielded 6.5 ug of DNA in total,
a high enough quantity to perform Nanopore sequencing. We first ran a
proof-of-principle sequencing run which aimed to only use the laptop battery power
and would basecall the reads in real time. This allowed us to determine if the run
was generating useful and meaningful data rather than just ‘junk’. Following this
successful run we decided to use the same extracted DNA sample and use a fresh
flowcell to perform data collection for as many hours as possible. Using the solar set
up described above the run lasted from 8am - 6pm at which time the solar power
was too weak to recharge the PowerAdd and it soon drained. We continued our
sequencing effort using the two remaining power banks to charge the laptop for a
further 9.5 hours at which point all power banks were depleted as well as the laptop
charge. This occurred at around 3 AM and so sequencing was finished. In total this
second run lasted for 19.5 hours. In combination this expedition achieved over 24
hours of sequencing, comparable to that expected in a normal laboratory.

7.6. Blueprint for future expeditions

We hope that the work here lays the foundations for future expeditions to add DNA
sequencing to their scientific toolkit. We anticipate that in the future performing DNA
sequencing should be as easy as taking anemometer readings and amateur
expeditions provide a vital resource for scientists to obtain passive data from the
most remote corners of the world. We encourage any upcoming expedition with a
scientific programme that could accommodate DNA sequencing to contact Glen
(glgowers@gmail.com).

8. Other scientific contributions
Drone flying permit is shown in (Appendix VII)

8.1. Drone mapping

As a modern take on the basecamp surveys completed by the 1932 team, the 2019
team were able to create 3D maps of several of the key locations around the
basecamp; most notably Dome 1 and the Hveragil gorge. We believe that these
maps are the first of their kind to be created of the area.
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Whilst commercial software is available that can automate the path of drone flights,
we preferred to maintain manual control to keep battery usage to a minimum and
cope with any sudden changes in the weather. For Dome 1, an orbital flight was
flown around the summit with a camera angle of 45° to the horizon. For Hveragil, the
drone was flown in a line down the gorge (from above), with the camera pointing
straight down. During both flights, the drone filmed continuously in 4K. Filming
requires much less battery usage than stopping and taking photos at intervals and
still achieved admirable results.

When back in the UK, sequential images (every 5 frames or so) were taken from the
videos using Adobe Premiere Pro. These were then loaded into the Pix4d online
software which created high resolution 2D, 3D and topological maps of the locations.
These 3D maps provide an exciting visualisation of the dramatic locations that we
visited and allow an accurate depiction of the site of soil sample collection. As an
added bonus, it allows a small model of the locations to be 3D printed.

3D map of Dome 1
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3D map of Dome 1 and Thorbergsvatn lake
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Hand drawn map from 1932 Satellite image
expedition

R
= ST /
4
High resolution drone map from Elevation map from 2019
2019 expedition expedition

Comparison between the maps from the 1932 and 2019 expeditions. Considering
that the 1932 maps were hand drawn from manual surveys, they are incredible!

8.2. Psychological surveys

As part of the scientific output of this expedition, we took part in a wider study into
psychology on expeditions run as a collaboration between the University of
Aberdeen, the University of Manchester, the University of Lancaster and NASA. This
entailed each team member filling out a short psychological survey each morning
and night of the expedition, along with a longer pre and post expedition survey. We
are awaiting the aggregated survey results. To find out more, please follow this link:
http://wp.lancs.ac.uk/expeditionpsychology/
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9. Mountaineering

9.1. Kverkfjoll

In their 1932 book, the team end a chapter suggesting they are going to climb
Kverkfjoll, and begin the next chapter by saying they’ve got other plans. Our 2019
experience was not too dissimilar. Kverkfjoll looks beautiful and majestic from its
eastern side, but given our lack of experience climbing on a rope together, we
decided it would be a challenge too far.

Coming off the icecap roped up. Dome 1 can be seen in the mid-ground and
Kverkfjéll in the background.

All routes up Kverkfjoll from the east appear to entail either engagement with quite
heavy crevasses and steep glaciers (e.g. Skarphedinsjokull), or rock of quite loose
and crumbly basalt. That said, its natural beauty and isolation would provide an ideal
challenge to more experienced mixed and winter mountaineers.

9.2. Svortutirdar

From our camp, the clearest mountaineering objective in sight and within a
reasonable distance (other than Kverkfjoll) was Svortutirdar, a feature we called ‘The
Teeth’. They were ascended by the 1932 team.

34



Return to Vatnajokull Expedition 2019 - November 2019 report

We spent a morning skiing to the base of the teeth, before John-Henry and Glen
ascended to the highest point in two pitches whilst Oli flew the drone. The rock was
crumbly and basaltic. We made an ascent up the most obvious line, following a
chimney in the central section of the teeth up to the ridgeline, before following the
ridge up to the summit.

John-Henry summiting the ‘teeth’

Other routes are more than possible all over the teeth, but whether they are worth a
long ski relative to other locations in Iceland is another question. We provide a
photograph from the southern side of the teeth in case there are any takers.

The ‘teeth’ ridge
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9.3. Lavadomes

In addition, we made an effort to ski up many of the lava domes in the area, and
constructed ‘ski descent’ lines of the domes as best we could. The results of our
ascents and descents were spectacular falls on nordic skis, in addition to 360°
photographs of the summits of some of the domes.

The 360° photographs of the dome summits have been uploaded where possible
onto Google Maps.

A selection of the 360° photos uploaded to Google Maps, allowing everyone to see
where the 1932 basecamp was.
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10. Filming and photography

From the start of this project, producing a film was a major goal of the expedition.
More specifically, the aim of the film was to communicate our scientific findings to a
wider audience, whilst maintaining the personal and adventure element that many
research films lack. This was a major task; requiring time, patience and focus,
particularly when capturing the more stressful times during the trip.

Our camera equipment was comparatively low budget, but allowed all practical
camera angles to be captured without much disruption.

Our camera equipment and reviews:

e Gopro Hero 6 Black - waterproof and bombproof, bought for £250, this was
the workhorse of the filming. All situations where other cameras would be
ruined, it captures high quality (4K) footage - leaving it outside the tent
overnight is not a worry. It has in built optical stabilisation (although the Hero 7
Black improves on this) which means that even handheld footage looks good.
Due to its 3 microphones and noise cancelling software, it captured excellent
voice audio even in the toughest conditions. People also react much more
amicably to being filmed with a Gopro when compared to a larger camera.

e Panasonic Lumix FZ82 - a 4K bridge camera bought for £200. With a lens
capable of instantly switching between shooting with a 20mm wide angle to a
1200mm telescopic, this camera has impressive flexibility and capabilities
when capturing events. In our experience, it is relatively robust, especially as
the inability to swap lenses prevents muck from getting into the working parts
of the camera. This also collected great audio without an external microphone
and has good optical stabilisation. A highly recommended solution for
covering all bases on a budget.
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Oliver attempting the photographic biathlon

e Nikon J5 with a f1.8 prime lens - allowed capture of footage with bokeh, to
add a slightly more cinematic element to some of the footage.

e Canon G7x was more than suitable for the conditions we encountered, and
also captured excellent footage and audio.

e DJI Mavic Pro - definitely the most suitable drone for expedition filming due to
its long range, stability in high winds and small, folding design. The Mavic is
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capable of a wide range of intelligent flight modes including ‘follow me’, ‘orbit’
and subject tracking, whilst providing 4K capability. Drones definitely add a
unique perspective, but come with major cost and power requirements for an
expedition. This Mavic was pre-owned by one of the team members who had
~3 years prior experience operating drones in similar environments. The
drone batteries used a lot of power, and so were only charged when we had
excess capacity. Key considerations are the effect of the cold on the battery
performance, the ability of the drone to handle tough weather and obtaining
necessary permissions for flights prior to expedition departure.

e Tripods: Gorilla pod and Manfrotto Compact Advanced tripod. The former
allows flexible, rapid shooting. The latter was an essential for re-photography
and more stable shots.

Tips for future teams hoping to make a film:

e Get people on camera. Asking questions like ‘what are you doing?’ or ‘where
are we?’ leads to people behaving naturally on camera and lots of material for
filming. People talking makes the most interesting film.

e Film everything, especially events that add to the story. Try and be filming
before the event happens, or as soon after it starts as possible. This usually
means having a small camera very readily accessible.

e Take lots of sd card space and battery capacity. Camera batteries weigh little,
and a 256GB SD card can be bought for less than £50. This will allow you to
film everything for months without opening the memory card slots or worrying
about camera capacity etc.

e Get lots of different shots such as telescopic, wide angle, selfie, drone,
timelapse etc.

e Stability is key. For a film, stable footage is a necessity, not an option. The
drone has a gimbal built in, the Gopro and FZ82 both have optical
stabilisation. Gimbals are now relatively low cost, but if they are out of budget,
just make you stand still when shooting.

e Cheaper, more robust cameras are better for this kind of environment. The
saying goes that ‘the best camera is the camera you have with you’, but more
realistically in extreme conditions, ‘the best camera is the camera that you're
willing to get out and dangle from your wrist without worrying about it’. Not
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thinking about the camera allows you to capture real emotions and real
conditions.

e Practice. Our team had several years of filmmaking experience in similar
environments and so understood the extra requirements that arise from
producing professional level content in demanding situations.

Photography in cold temperatures requires commitment
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11. Financial overview

Fundraising took place for a period of 12 months from April 2018 — April 2019. Here
we summarise the sources of our funding and provide a breakdown of our costs to
help guide future expeditions.

11.1.  Grant funding

Inevitably expeditions often require a level of external funding to supplement
personal contributions. The nature of this kind of endeavour requires significant
expenditure in safety equipment, logistic support, technical equipment, and training.
These costs can often be inflated and, therefore, inhibitory for young persons
attempting a large scale expedition as they do not have the benefit of accumulating
the necessary equipment over a longer career. For this reason many grants exist to
lower the barrier to entry for young people entering this world. We are enormously
grateful for the support from these grants, both financial and logistical. We applied
for 23 grants and were successful in 11 of these (outlined below). Grant funding
accounted for 62% of our total income.

11.2. Personal contributions

In addition to grant funding we met the remaining total cost of the expedition through
personal contributions. This amounted to almost £8,900 which represents 38% of
total income.

11.3. Borrowed equipment

Costs were minimised where possible through borrowing equipment. The most
valuable items borrowed or donated were:

e Tent (Hilleberg Keron 4GT with double poles) from the Imperial College
Exploration Board

Oxford Nanopore DNA sequencing kit from Prof Tom Ellis, Imperial College
Laptop suitable for sequencing from Prof Tom Ellis, Imperial College

DNA extraction kit and equipment from Dr Arwyn Edward, Aberystwyth

DNA quantification equipment and reagents from Thermo Fisher Scientific,
UK

Garmin InReach GPS unit (without subscription) from the Alpine Ski Club

e Avalanche transceivers (x3) from the Alpine Ski Club
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e Personal Locator Beacon (PLB) from the Alpine Ski Club
To aid other expeditions in planning we have outlined the estimated value of each of

these items in Appendix | should future expeditions want to consider these
purchases.

11.4. Detailed financial information

Summary
Outgoings
Alpine training £2,676.29
Cairngorms training £522.44
Peak district training £61.77
Medical and Safety £929.52
Group equipment £4,809.70
Personal Equipment £8,005.47
Flights £1,291.84
Filming Equipment £459.48
Costs in Iceland £4,055.39
Administration £595.25
Total £23,407.15
Income
Grants £14,550.00
Personal contributions £8,857.15
Total £23,407.15
Income breakdown

Amount
Andrew Croft Memorial Fund £2,000.00
AC Irvine Travel Fund £1,400.00
Alpine Ski Club £250.00
The Jeremy Wilson Charitable Trust £500.00
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Imperial College Exploration Board £850.00
Leathersellers' Company Charitable Fund £800.00
Gino Watkins Memorial Fund £2,500.00
Wallace Watson Award £4,000.00
CGCA Old Centralian's Trust £1,000.00
Leathersellers' Company Charitable Fund £500.00
University College Oxford Overbrook Fund £750.00
TOTAL £14,550.00
Personal contributions £8,857.15
GRAND TOTAL £23,407.15

Outgoings breakdown

Grant expenditure
Personal expenditure

Medical and Safety

Medical course £504.00
Medical equipment £214.85
Insurance £210.67
TOTAL £929.52

Group equipment

Sleeping bags £535.08
Dry bags £231.75
Solar panels and power packs £619.20
Miscellaneous scientific equipment £342.29
Pulks £1,399.10
Inreach £463.39
Snowpegs £73.00
Snowsaw £44.45
Other group equipment (shelters, probes, tools,

mugs, bottles, etc) £1,101.44
TOTAL £4,809.70
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Personal equipment

Buffalos £339.22
Snowshoes £564.00
Skis £1,010.85
Ski boots £820.00
GG personal gear (clothing, equipment, boots, etc) £1,641.15
JH personal gear (clothing, equipment, boots, etc) £1,495.35
OV personal gear (clothing, equipment, boots, etc) £2,134.90
TOTAL £8,005.47
Flights

Outbound flights £548.16
Return flights £743.68
TOTAL £1,291.84

Filming equipment

Lens, cable, tripod £259.48
OV personal camera £200.00
TOTAL £459.48

Costs in Iceland

Costs associated with transport to Hofn £367.11
Accommodation in Reykjavik £308.68
Accomodation in Hofn £179.07
Accommodation at Vagnsstadir £144.12
Jorfi Hut £133.77
Food for icecap £1,338.45
Other food in Iceland £500.00
Superjeep transport to icecap £230.36
Superjeep pickup from icecap £230.36
Car hire £623.47
TOTAL £4,055.39

Administration

44




Return to Vatnajékull Expedition 2019 - November 2019 report

Website hosting £86.40
Inreach subscriptions and rental £347.95
SAR donation £103.00
Carbon credits £57.90
TOTAL £595.25
Amount

Alpine training

Car rental £469.91
Guide costs £665.86
Flights £385.52
AAC memberships £105.00
Living costs £1,050.00
TOTAL £2,676.29
Aviemore training

Food £152.44
Travel £282.00
Accomodation £88.00
TOTAL £522.44
Peaks training

Fuel £38.27
Food £23.50
TOTAL £61.77
GRAND TOTAL £23,407.15
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12. Training

All team members were passionate about the outdoors before expedition, and
therefore engaged in independent trips in the years prior to the traverse. During the
planning phase of the expedition, each of continued to pursue these activities. In the
process, we therefore each continued to go on climbing trips across the UK and ski
tours in the Alps, and join endurance events. These trips supported the eventual
success of the expedition but were not considered formal events supporting
expedition preparations.

Our formal training events were planned to allow us to put key skills into practice,
test out gear and bond as a team before departure. Where these trainings could not
meet a development need, expedition members also attended specialized skills
courses planned to address key knowledge gaps.

12.1.  Group training (whole team)

e Technical skills training, Alps, Chamonix & Aosta - September 2018 (8 days)
o Rock climbing, dry glacier travel, wet glacier training with mountain
guide on the Vallée Blanche, simulating many of the features of the
icecap. Crevasse and avalanche training, mountaineering skills and a
summit of Gran Paradiso

e Expedition ‘dry’ run I, Cairngorms plateau - January 2019 (5 days)
o Camp-craft, navigation, dragging pulks, testing food, snowshoes and
tents. A very wet and windy experience camping on the Cairngorm
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plateau made us take the preparation requirements for Vatnajokull
much more seriously. A recommended training trip for any expedition
team going anywhere.

e Expedition ‘dry’ run I, Peak District - March 2019 (4 days)
o Camp-craft, navigation, finalizing kit-list, testing waterproofs
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e Wilderness ITC Level 3 First Aid course, UK - April 2019 (2 days) - Remote
medicine training to support immediate assistance in case of medical
emergency

12.2. Specialized skill training

e Jonathan Conville Mountaineering Course, Scotland, January 2019 (3 days)

o Glen did not have as much winter mountain experience as the
remainder of the team and therefore joined the training to get some
quality mountain days and training prior to the team Cairngorms trip

e Genome sequencing dry run, Abersytwyth, Wales - February 2019 (3 days)

o Glen joined Arwyn Edwards on a genome sequencing crash course to

ensure our in-field work was as prepared as feasibly possible
e Hardangervidda crossing, Norway - March 2019 (10 days)

o John-Henry joined a guided expedition with Mark Walker and Exped
Adventure across the Hardangervidda plateau to develop polar skills
and camp-craft experience on snow and ice

12.3. Examples of non-formal individual trainings

Ski touring training with the Alpine Ski Club - April 2018 (4 days) (Oliver)
Half-lronman, UK - July 2018 (1 day, plus training) (Oliver and Glen)

Ski touring in German Alps - January 2019 (5 days) (Oliver)

Ski touring in Serre Chevalier, Alps - January 2019 (7 days) (John-Henry)
Nordic skiing practice, Swiss Alps - February 2019 (3 days) (John-Henry)
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13. Logistics

13.1. To and from Iceland

Prior to leaving for Iceland, we spent 4 days together in London packing, repacking
and purchasing food. We flew from Gatwick to Keflavik airport. Our pulks were taken
as luggage in the hold. For packing, we recommend hand-held luggage weighing
scales to ensure all baggage is under the maximum allowance.

We booked return flights with Icelandair to Manchester and London airports once we
knew which date we would be dropped off on the ice. We used an Airbnb in Keflavik
the evening before our flights to re-organize belongings before travel back to the UK.

- B L s B

Laying out all our equipment was a good way to check we hadn’t forgotten anything
13.2. To and from Hofn

Daniel Bergmann, a photographer and friend of Sam and Joe Cornish, was kind
enough to collect us from the airport, and drive us to Hofn. This was pre-arranged as
part of a photography trip for Sam and Joe. We dropped our gear off with
Glacierjeeps before heading to Hofn to wait for a weather window to open up. We
took a daily bus service to travel back to Glacierjeeps at Vagnasstadir.
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After the expedition, Glacierjeeps dropped us off in Hofn. We rented a car from
Europcar in Hofn which we filled to drive back to Rekjavik, and paid the single
direction travel premium.

13.3. From Hofn to the Ice-cap
Glacierjeeps (http://www.glacierjeeps.is/) based in Vagnasstadir, were pre-arranged

to drop us off on the ice-cap in an appropriate weather window. We were driven up
to the snowline in jeeps, before a snow-cat took us onto the ice-cap proper.

We arranged a flexible pick-up arrangement with Glacierjeeps, whereby they agreed
to pick us up from a safe location on the ice-cap on a certain date, based on a GPS
location shared via the Inreach. Ultimately, we completed a double traverse, and
therefore did not need this ice-cap pick-up. Instead, we were collected by Jeep from
the Joklasel hut.

13.4. Timings
Our timings were highly flexible, and allowed us to use the ‘right’ weather window.
We had a fixed departure date from the UK, a fixed length of time to be spent on the

ice-cap (based on food), and only finalized return details once we set our drop-off
date on the ice.

13.5. Travelling with scientific material
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There are a number of hurdles to transporting scientific equipment to a remote
location. First, it is imperative to get approval from the authority controlling the region
you plan to visit. We had to obtain a research permit from the Vatnajokull National
Park (Appendix VII). Flying scientific equipment, including reagents and devices
often leads to items being stuck at customs. This would have derailed our scientific
plans as we didn’t have the contingency time to wait for customs to clear. It is
important to engage with the airline early and determine which MSDS (Material
Safety Data Sheet) forms you need for which pieces of equipment/reagent. We
included a printed MSDS form in the hold luggage alongside each item so that, if
searched by customs they would be immediately satisfied with exactly what material
was there. Due to this planning we had no issues transporting our scientific work.
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14. Safety

14.1. Insurance

After some searching for a willing and appropriate insurance provider, we engaged
with the BMC and understood that for our expedition their Europe Alpine & Ski
standard cover would be sufficient. The cost was roughly £100pp.

We also used Austrian Alpine club membership (and therefore insurance) for all trips
in the Alps.

14.2. Safety equipment

The team travelled with:

e 2x Garmin Inreach

o Main device
m  Owned by team, used on training trips in advance of expedition
m Used for navigation & to communicate daily with SAR and home
m Routes, and crevasse fields were pre-uploaded onto device
m Never allowed beneath 50% battery level, core focus of charging

o Back-up device
m Rented from Alpine Ski Club
m Used as a reserve device, with limited use in navigation

e 3x Transceivers
o Each individual had his own transceiver in case of avalanche
o Used especially when skiing off the ice-cap in the lava dome area

e 3x Map (incl. Crevasse maps) and compass
o Each individual had his own map and compass
m Use of the compass was occasionally challenging for the person
at the lead of the group in white out, and in the future we would
recommend using a device allowing hands-free compass use

e 3x Probes and shovels
o Probes were occasionally used for checking crevasse risk at the edges
of the ice-cap, but were probably most useful in creating our
snowmobile warning barrier on our last night
o High-quality shovels are absolutely vital in polar environments, for
snow-wall creation, porch digging etc.

e 3x Builder’'s snow bags
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o With variable quality snow on the ice-cap, by filling the bags with snow
we had an easy and reliable method to build a snow-wall without worry

14.3. Engagement with local authorities

We began sharing details of the expedition with Iceland’s Search and Rescue team
approximately 3months before our intended departure. Their feedback and support
was vital in final kit decisions (i.e. to take all three options of skis, snowshoes and
crampons). SAR provided their latest crevasse maps, which were instrumental in
pre-defining our route on the Inreach devices. In addition, the knowledge that in the
worst case scenario, SAR would be available to support us put our minds at ease in
planning. SAR is a fantastic resource in Iceland. After our expedition, we donated
$125 to SAR in appreciation of their help.

We made enquiries about the area, and its mountaineering potential on the English
language section of Isalp, the Icelandic Alpine Club.

We engaged with local hut owners, and were granted access to Sigurdarskali,
despite the location being closed over Winter/ Spring, which was very generous of
the owners. We also tried to engage JORFI regarding conditions and access to
Kverkfjoll, although this source provided less useful information.

Bjarney at Glacierjeeps also provided guidance and support on the phone in
advance of our drop-off on the ice. This was especially kind, as they are a
commercial service, not an advice or safety hotline.

14.4. Communications

With two Garmin Inreach devices, we were always able to communicate with
Icelandic authorities, family in the UK, and the in-built weather function of the
InReach. We took two expedition subscriptions on our Inreachs to ensure we could
send an unlimited number of messages.

We sent a message to SAR and family in the UK every morning outlining our
intentions for the day, and every evening once camp was set up.

We received forecasts on request from the Inreach device, and on an adhoc basis,
received forecasts from family interpreting the Icelandic weather forecasts.

53



Return to Vatnajékull Expedition 2019 - November 2019 report

15. Kit evaluations

Through plenty of research and personal recommendations we were able to put
together a kit list that could put us in good stead for the wide variety of conditions we
expected on the Vatnajokull. A full kit list is shown in Appendix I. Here, we wish to
highlight the particularly crucial pieces of kit and those that could be improved upon.

15.1.  Skis

There are about as many opinions on the choice of ski as there are crevasses on the
Vatnajokull (lots). Our first consideration was to opt for the traditional nordic ski or an
alpine touring ski. Nordic skis comprise a ‘soft’ boot that connects to the ski at the
toes (either through 3-pin design or ‘NN’ bindings). There are several advantages of
nordic skis. Being very light and minimal in binding design they are an efficient
choice for covering large distances. The soft boot can be easily used as a regular
comfortable boot when around the camp. The other option we considered was an
alpine touring ski. The major differences include a wider ski which allows greater
uphill traction but less efficient travel over long distances and a boot with a flexible
plastic shell. Crucially an alpine touring ski has the option of the ankle being secured
to the ski, making downhill skiing easier. We opted for a nordic ski which was largely
a fantastic choice. This resulted in very efficient travel on the flat icecap with the
pulks at the cost of our ability to ski downhill. However, on days where the surface
was hard, icy snow and the nordic skis had a tendency to lose their grip, alpine
touring skis fitted with ski crampons would have been preferable.

We were fortunate to not suffer any maijor injuries when travelling downhill (around
the basecamp and when descending from the icecap) on Nordic skis. Any team
spending a reasonable proportion of their time in more varied terrain (with gradients)
should seriously consider the trade-off between efficiency on the flat and safety on
the descents. In addition, alpine touring boots (e.g. Scarpa Maestrale) can be fitted
with C2 crampons for ease of switching between dry and wet glacier.

Attempting to downhill ski on nordic skis proves challenging

54



Return to Vatnajékull Expedition 2019 - November 2019 report

Our choice of ski represented a compromise between cost and quality. We looked
into Asnes Nansen skis but these prove a) very expensive and b) required using
skins to gain traction. We were then recommended Fischer E99 skis. These proved
a brilliant choice. The ‘teeth’ on the underside allows sliding forward and ample
traction backwards (even up moderately steep inclines) meaning we, in fact, never
used the skins that we kept as back-up in case we needed more traction.

Boot choice diverged in the group. John-Henry opted for the Alfa Outback boot with
Gore-Tex. Though at a higher price tag these proved the perfect boot. Oliver and
Glen, unable to source a supplier we could visit in person to try sizes opted for the
Fischer BCX 6 from Cairngorm Mountain Supplies. While comfortable and extremely
warm, the latter proved more of a hindrance than a help. When skiing overheating
resulted in dampness due to sweat which became cold when exercise was over.
Additionally the lace of Glen’s boot ripped out on day one, which, though not critical,
resulted in a very loose shoe for the entire expedition. We would therefore
recommend highly the combination of Fisher E99 skis with Alfa Outback boots for
efficient travel across flat icecaps.

15.2. Personal Kit

The most crucial pieces of equipment we bought were waterproofs. These not only
provided great protection from both rain and snow (which easily melts with body
head) but also from wind. Our clothing strategy centred around layering, therefore,
we opted for waterproof shells that could go over any warmer down layers we wore.
It is pertinent to note that the Vatnajokull has a particularly high level of precipitation
(including rain!) and is in stark contrast to many colder but much drier ice caps (e.g.
Antarctica). Therefore, a waterproof shell is critical, and many expeditions on the
Vatnajokull have opted for ‘Antarctica style’ clothing and suffered the consequences.
We tried a variety of waterproofs on our training trips and came to the conclusion
that you really do get what you pay for. We, therefore, all ensured we had a shell
layer (top and bottom) from a reputable supplier (Norrona, North Face, and Mountain
Equipment) with Gore-Tex Pro. We quickly learned not all Gore-Tex layers are
created equal and the Pro is essential for such testing, multi-day conditions. We
ended up wearing these layers practically every single day. Layering is an essential
strategy as during a day of ski traversing one can fluctuate from overheating during
skiing to rapidly cooling when erecting the tent or eating. Layering allows you to
rapidly and effectively respond to changes in your body temperature.
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We also recommended the use of a Buffalo Special 6 shirt. This proved to be an
incredibly versatile piece of equipment. It seemed to be a ‘do-it-all’ layer, with a large
front pouch and easy ventilation. We all wore it most days. While skiing in mild
conditions it can be quite warm but for all other conditions we found it to be a
fantastic layer, particularly in and around camp.

We should take the opportunity to sing the praise of Merino Wool. We opted to only
wear merino wool in direct contact with our skin. This was primarily for hygiene
reasons. Merino, through magic or otherwise, has antimicrobial properties and,
despite no deodorant, retains no (perceivable) smell. We used a strategy of
changing merino underwear every 3-4 days and changing merino thermals (top and
bottom) every 5 days or so. This proved a very successful strategy for keeping
tentmates’ noses happy.

15.3. Tent

The Keron 4GT porch which can be dug out to provide standing room inside the tent
and a lowered platform for cooking.

We tested two tents in the Cairngorms, the Mountain Hardwear Trango and the

Terra Nova Quasar. While both excellent tents in their own right, we found the lack of
a large porch meant it was very difficult to cook in challenging conditions and difficult
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to manage extreme wetness. We, therefore, sought to borrow a larger tent that we
could all stay in, crucially with a large vestibule porch. After much research we
settled upon the Hilleberg Keron 4GT. This proved the perfect tent for this
environment. The large porch (approx 30% the length of the tent) could be dug out
(below), the large size meant our laboratory work could be done with relative ease,
and the option to double pole gave us confidence in high winds. We cannot
recommend this tent highly enough.

15.4. Power

This expedition had significant power requirements. During the traverses we would
need to power both our Garmin InReach GPS devices (always having redundancy
for contacting search and rescue), the two drone batteries for filmmaking, and the
selection of other cameras we used routinely. At basecamp on the northern edge we
then had to power all our various scientific equipment including a laptop. For small
devices (5V power requirement) we used 10,000 mAh waterproof battery packs
(AquaTrek - Mobile Solar Chargers). For the laptop and the drone batteries we used
larger 20,000 mAh DC power banks (Poweradd x1 and Aceyoon x2). To deliver
power to the laptop (Dell XPS) we used the Omnicharge USB-C to DC barrel
adapter. After some testing we could power the DJI drone batteries using the DJI car
charger and a cigarette lighter DC adapter plugged into the battery packs. The small
power banks were charged from either a 10W or 15W flexible solar panel (Mobile
Solar Chargers). These were ideal as they could be easily strapped to a pulk or
backpack and were extremely robust. For the larger powerbanks we used a 90W
solar panel (Mobile Solar Chargers) which could fit nicely on the back of a pulk. Even
in cloud cover we were able to generate over 20V from this panel, owing to the
reflectivity of the ice.

15.5. Campcraft

Camping on a relatively flat sheet of ice means winds can quickly pick up. It is crucial
to protect the tent from prevailing winds. Ordinarily this would involve cutting ice
blocks using a snowsaw (we used 2x MSR snowsaws) and constructing a
brick-styled wall on the windward side of the tent. We were warned, however, with
such high levels of precipitation on the Vantajokull that it may be difficult to cut ice
blocks with fresh loose snow present. We, therefore, opted to use 3x industrial
garden waste containers that are collapsible. These could be filled with snow and
placed at the windward side (below).
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Three garden waste bags (left) were filled with snow to form a protective wall.

In addition to a wall, when conditions were windy, we tried to dig a pit for the tent so
reduce the surface area exposed to the wind. There was always an physical/
emotional trade-off made between digging and just putting up the tent. The decision
was made based on forecasts and energy levels. For the task, and digging out the
porch of the tent, a good shovel is crucial. After several breakages of ‘cheapish’
snow shovels on training trips we opted to purchase more robust models for the
expedition (Ortovox Kodiak, Beast, and Black Diamond Evac 7). The Kodiak and
Evac proved most effective owing to the larger spoon size.

15.6. Cooking

For cooking (exclusively melting snow) we used an MSR XGK stove (with a backup
Whisperlite, though never used) with clean premium liquid fuel. This was lit using a
flint. This stove proved enormously reliable and the repair kit we brough remained in
its original packaging. We primarily cooked inside the porch on a platform cut into the
side of the dug-out porch (a step at about knee height). We brought a solid ‘stove
board’ (literally just a simple piece of plywood) on which to place the stove. Some
kind of solid platform is crucial to avoid the stove falling over.

We used a 2L MSR Ceramic Pot which was a good size for fitting in enough
ice/snow and melting relatively quickly. We quickly realised that melting was most
efficient if about an inch of water is put at the bottom of the pot before snow is
added.

We budgeted 1L of fuel per day, this proved far in excess, though due to some
spillages and breaking of plastic fuel bottoms in the pulk we were grateful for the
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redundancy. We used about half the fuel bottles in the end, returning our excess
bottles to a supplier in Rekjavik. John-Henry had a habit of really ramming the fuel
bottles into his (full) pulk, with the net result of leaks. Some of his lunchpacks were
soaked in petrol, which decreased food supplies modestly. Be aware petrol leaks
even through multiple plastic bags.
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16. Appendix

16.1. Appendix |: Value of borrowed or donated items

Item RRP value | Status (Source
Imperial College
Hilleberg Keron 4GT tent £1,233.00|Borrowed |Exploration Board
Imperial College

Tent pegs and extra poles £320.00|Borrowed |Exploration Board
Dell XPS 13 1TB SSD 16 Gb RAM laptop | £1,600.00|Borrowed |Professor Tom Ellis
Terralyzer DNA extraction tool £600.00|Borrowed |Dr Arwyn Edwards
Garmin InReach GPS device £464.00 [Borrowed |Alpine Ski Club
Avalanche transceivers (x3) £400.00|Borrowed |Alpine Ski Club
Personal Locator Beacon (PLB) £189.00|Borrowed |Alpine Ski Club
TOTAL £4,806.00
Nanopore sequencing kit (2x flowcells,
6x reagents) £1,300.00| Donated |Professor Tom Ellis
QIAGEN Powersoil DNA extraction kit £126.00| Donated |Dr Arwyn Edwards
Qubit 4.0 fluorometer (DNA
guantification tool) £2,555.00| Donated |Thermo Fisher Scientific
TOTAL £3,981.00

16.2. Appendix II: Full kit list

ltem ltem details Weigh.t Weight |Quantity
(g)/unit | (g) total | (total)

PERSONAL
Ski/walk equipment
Skis Fischer E99 1950 5850
Ski bindings Fischer Magnum 530 1590
Skins Madshus Intelliskins 200 600
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Ski boots 1 (JH) Alfa Outback APS 1850 1850
Ski boots 2 (OV, GG) Fischer BCX 6 1860 3720
Snow shoes MSR revo ascent 1920 5760
Scarpa Manta (JC), Triolet (GG)
Hiking boots and La Sportiva Trango Tower 1600 4800 3
(Ov)
Camp shoes Nordisk Mos Down slippers 200 600 3
Moon Boots Decathlon SH500 X-warm 400 800 2
Boot socks Ortovox, Salewa, etc 100 1500 15
Crampons Grivel G12 1040 3120 3
Pulk (50kg) Snowsled 2200 6600 3
Pulk bag Snowsled 830 2490 3
Pulk Harness Snowsled 480 1440 3
Pulk hauling ropes Snowsled 330 1320 4
Pulk straps (incl spare) Snowsled 480 1920 4
40L backpack Osprey Stratos 36 or equiv 1500 4500 3
Poles Black Diamond Expedition 520 1560 3
Dry bags large 40L OEX 80 240 3
Dry bags small multi pack |OEX 150 600 4
Dry bags large for tent
. Osprey 70-100L 80 240 3
items
Dry bags | for sleepi
y Dags large for sieeping Ortileb 59L 150 600 4
bag
BLOC, Julbo, or equiv. Cat 3 or
Sunglasses 100 300 3
Cat4
. Oakley Prizm, Scott Ultimate I,
Ski goggles . 100 300 3
or equiv
Personal rack
Crevasse PCD Petzl Microtraxion 85 255 3
Pulley Petzl Oscillate 42 126 3
Ice screws Grivel Helix or equivalent 128 768
. Petzl Spatha or Victorinox
Knife . 183 549 3
Skipper
Black Diamond, Simond, or
Harness ] 200 600 3
equiv
. Black Diamond, Simond, or
Screwgate carabiner . 90 1620 18
equiv
Slings (60 cm and 120 cm) |DMM, Simond 100 300 3
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Black Diamond, Simond, or

Helmet . 340 1020 3

equiv
. . Petzl Glacier, Simond Ocelot,

Glacier walking axe 420 1260 3
Camp

Belay plate Simond toucan, or equiv 50 150 3
Black Diamond Evac 7, Ortovox

Shovel . 700 2100 3
Beast, Ortovox Kodiak
LE USB-rechargeable head

Additional head torches & 50 100 2
torch

Crevasse probe Decathlon simond 245 490

Avalanche probe Ortovox ALU 240 245 245

Snow saw MSR Beta Snowsaw 150 300

Eating
Sea to Summit Alpha long

Long spoon 50 150 3
spoon

Thermal mugs Thermos ThermoCafe 450 ml 300 900 3
Lifeventure 1L thermos, Primus

Thermos . 570 1710 3
0.7L, or equiv

Nalgene 1.5L Nalgene 1.5L 50 200 4

Nalgene 1L Nalgene 1L 50 150 3

Food

Freeze dried, Expedition Foods 150 | 28500 | 190

breakfast/lunch/dinner P

Snack lunch Oatcakes/Cheese/Cured meat 100 6300 63

Snack pudding Chocolate/fruit/hot chocolate 100 6300 63

Starters Soup 100 6300 63

Drinks Coffee/hot chocolate 30 1890 63

Vitamins 1 pack of 60 vits - tesco 20 20 1

Clothing

Expedition underwear Dilling boxers, 100% merino 50 600 12
Decathlon 100% merino

Baselayer (top) 50 600 12
baselayer
Decathlon 100% merino

Baselayer (bottom) 50 450 9
baselayer

Fleece Rab nucleus or equiv 50 150

Inner insulated jacket Buffalo Special 6 Shirt 675 2025

Cold hat Generic 50 150
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Buff Generic 50 150 3
Thin working gloves Black Diamond crag gloves 70 210 3
Think fingered gloves North face Vengence GTX Pro
(backup) or equiv 310 1240 4
Soft inner gloves Generic 100 300
Waterproof overmitts Extremities Tuff Bags Overmitts 78 234
North Face Summit Series L5,
Outer waterproof jacket |Norrona Lofoten, Mountain 500 1500 3
Changabang
Mountain Equipment
Outer waterproof trousers [Karakorum, North Face Summit 440 1320 3
Series L5, or equiv
Outer Down/synthetic Montane 800 fill down jacket
jacket or equiv 508 300 3
Inner Down/synthetic ]
jacket Rab Altus or equiv 438 1314 3
Softshell Trousers Montane Terra or equiv 340 1020
Gaiters Simond long gaiters or equiv 200 600
GROUP
Camp/sleep equipment
Tent, pole, pegs Hilleberg Keron 4GT 5500 5500 1
Snow pickets 6x Hilleberg snow pickets 300 900 3
Spare tent poles Hilleberg pole for Keron 4 GT 200 600 3
Base thermal mat The.rm—a—rest Zlite SOL or 410 1230 3
equiv
Sea to Summit Comfort Light
Air structure Insulated, Thermarest NeoAir 1120 3360 3
or equiv
Air pillow OEX Traverse Pillow 360 360 1
Sleeping bag MH Lamina Z -34/-30C 2700 8100 3
Survival shelter Vango 8 person 1150 1150 1
Survival shelter Vango 4 person 581 1162 2
Cooking
Stove 1 + pump MSR XGK EX stove 490 490 1
Stove 2 MSR Whisperlite stove 400 400 1
Stove board Generic plywood board 200 200 1
Pot MSR ceramic pot 200 200 1
Fuel bottle Primus 1L premium liquid fuel 1000 25000 25
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Refillable fuel bottles MSR 600ml and 900ml 135 405
MSR XGK repair kit MSR XGK repair kit 200 200
Fire blanket Generic 100 100
Hardware
Rope 1 DMM 30 m 2000 2000
6 mm cord Simond 6mm cord 500 1500
Navigation and safety
GPS units Garmin InReach 213 426 2
Personal Locator Beacon )
Ocean Signal PLB1 200 200 1
(PLB)
Transceivers BCA Tracker T2 200 400 2
Maps Islandskort maps 100 100 1
Compass Silva Ranger S or equiv 58 174 3
Survival suits/bags HiGear survival bag or equiv 50 150 3
Misc
Accessory carabiners Quechua snap hook 20 240 12
Ziplock Bags Generic zip lock bags 10 630 63
Antibacterial hand wash |Generic Antibac 100ml 100 300 3
Thermal food pouch Optimus Heat Pouch 20 40 2
Sunscreen SPF50+ Ambre Solaire 50 ml 100 600 6
SPF lip protector Piz Buin Mountain SPF50 100 600 6
Lip balm Carmex 3 pack 100 100 1
Zip ties Zip ties (x75 various) 50 50 1
Gaffa tape 3M Duct tape 50 mm x5 m 50 150 3
Bungee cords MasterLock x6 50 50 1
Resin Araldite hard set rapid epoxy 50 50 1
Brush Dish scrub brush 50 150 3
) MSR (JH), Hilleberg (Group),
Tent pole repair sleeve 20 60 3
DAC (Glen)
Spare batteries Generic 100 500
Electrical tape Generic 50 50
Generic garden waste bags
Snow bags 390 1170 3
(300L)
Flint Light My Fire 50 150 3
Lighters Lighters 50 150 3
Waterproof/windproof Waterproof/windproof 50 100 5

matches

matches x15
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Pocket tissues Cushelle tissues 20 1260 63
Spare laces Generic 20 20 1
Power
Large solar panel MSC 90w 2500 2500 1
Medium solar panel MSC 20W 368 368 1
Small solar panel MSC 15W 320 640 2
Large power bank Poweradd 23Ah Pilot Pro2 1500 1500 1
Small power bank MSC 10Ah (IP68) 230 690 3
Backup battery Aceyoon powerbank 20Ah 1000 1000 1
Battery powered lamp MSC 10Ah lamp 240 240 1
Neoprene sleeve for Techgear slim neoprene case
batteries (for Poweradd) >0 >0 !
DC cable adapters Generic 50 50 1
) Omnicharge DC to USB-C
Charging cable for laptop 50 50 1
adapter
Scientific equipment
Anemometer Generic 50 50
Vortexor Home-made 100 100
) ) QIAGEN powersoil kit (x30
DNA extraction kit 300 300 1
runs)
Flowcells Oxford Nanopore R9.4 100 200 2
ONT reagents LRKOO1 reagents 800 800 1
Tubes DNA Lo-Bind tubes 100 100 1
Pipettes and tips Pipetteman pipettes 800 800 1
Small Pelican case Peli 1060 case 200 200 1
Small tupperware Flowcell carrying case 100 100 1
Pelican laptop case Peli 15" laptop case 1095 400 400 1
Laptop and power cables |Dell XPS 13 1TB SSD 16GB RAM 1230 1230 1
Centrifuge Dremel 7750 700 700 1
Homogeniser Terralyzer 2000 2000 1
Probe thermometer for LCD Digital Aquarium
flowcells Thermometer (-20C to +70C) 300 300 !
Tracking thermometers Elitech RC-5+ 200 400 2
) 6-pairs HotHands Instant Hand
Hand warmers for science 400 800 2
Warmers
TOTAL 203
(kg)
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16.3. Appendix Ill: Medical Kit List

Lifesystems Mountain first aid kit

Item No. |Notes (listed x1)
Mountain First aid kit 2 |Group supplies - see right
Materials General
Cling film 1 1 x Primary Care Leaflet
Antiseptic swabs 20 1 x Tweezers
Elastoplast waterproof
plasters 6 x Safety Pins
Blister plasters (pack) 1 x Scissors 5.5cm Blade
SAM splint 1 1 x Shears 6¢cm Blade
Steri-strips 6x100
(x10) 2 |For sealing minor open wounds 1 x Glo Stick
Israeli Trauma
Bandage 1 |For puncture wounds
1 x Spot Check Thermometer
Painkillers 2 Pairs Vinyl Gloves

Paracetamol tablets
(16-pack) 500mg

96

2 x 4 daily Enough for each person to
have 4-days worth

Resuscitation face-shield (only included
in EU kit)

Ibuprofen tablets
(16-pack) 400mg

36

1 x3 daily Enough for each person to
have 4-days worth

Medication

Cocodamol 30/500mg

48

1-2x4 daily max - Enough for 2 day per
person

16 x Paracetamol Tablets (not included in
EU kit)

Allergy

16 x Ibuprofen Tablets (not included in
EU kit)

Pririton -
Chlorphenamine 4mg
(sedating)

24

1x4/day for severe itching allergy.
Enough for 2 days per person (boots)

Bandages

Loratidine (non
sedating)

15

1 daily for allergy (non sedating)
Enough for 5 days per person

2 x Open Woven Bandages 7.5cm x 5m

Prochlorperazine 3mg
Buccastem

10

1-2 tablet twice daily - dissolve in lip -
Enough for 1 day per person

1 x Crepe Bandage 5cm x 4.5m

Loperamide capsules
(2mg)

48

<8/day for diarrohea. Enough for 2
days per person (boots)

1 x Crepe Bandage 7.5cm x 4.5m

DulcoEase - Docusate
100 mg (30-pack)

Stool softener for constipation (careful
- high doses act as a stimulant
laxative)

1 x Triangular Calico Bandage 90 x
127cm (2 x in EU kit)

Dioralyte (6 sachets) 2 |ORT to treat diarrohea Preparations, Disposables & Tapes
Antibiotics 8 x Hygienic Cleansing Wipes
Amoxicillin (500 mg 1 capsule 3 times per day. None

tablets) 21 |allergic to penicillin. Broad spectrum 1 x Micropore Tape 1.25¢m x 5m
Co-amoxiclav (375 mg 1 table 3 times a day for chest/skin

tablets) 21 [infections). None penicillin allergic 1 x Zinc Oxide Tape 1.25cm x 2m

Skin

1 x Duct Tape 2m Roll

Canestan HC tube

3xdaily. Eczema and fungal/crotch rot
(antifungal)

10 x 4-Ply Gauze Swabs 5 x 5cm

Silver sulfadiazine

Topical antibiotic for burns

2 x Burn Gel Sachets 3.5g
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(20g)

Savlon tube

Topical antiseptic

Dressings

Aloe vera cream

For frostbite and general moisturiser

1 x Pack of Assorted Plasters

1 x Medium Wound Dressing 12 x 12cm

Paperwork

2 x Low Adherent Dressings 5 x 5cm

Insurance details of all

1 x Low Adherent Dressing 10 x 10cm

Evacuation protocol

1 x Small Plaster Fabric Strip 4cm x 1m

Emergency contact
details

3 x Wound Closure Strips

Instructions on all drug
use

1 x Small Eyepad Dressing

List of contents (this)

2 x Blister Plasters

Pencil and notepad

16.4. Appendix IV: Expedition diary - JH

10-14 April - Pre-Expedition start in UK

The team gathered in Caterham on 10th April to begin final expedition preparations.
We spent three days packing, re-packing our pulks, buying our provisions and last
minute gear. We also finalized pre-expedition documentation, sharing a detailed
expedition plan with the Vatnajokull’s Search and Rescue team.
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An original copy of J.A. Beckett’s “Iceland Adventure” arrived on time for us to pack it
in our pulk. We were all quite taken by being able to take a tangible connection to the
1932 expedition with us onto the ice.

We took the first flight to Reykjavik on 14th April, and were collected from the airport
by Sam Cornish (our in-country logistics support), Joe Cornish, and Daniel
Bergmann, a local Icelandic photographer. Daniel had two vehicles adapted for
Icelandic terrain which he agreed to drive us to Hofn with. Our eleven bags, 3 pulks
and bodies fitted. Phew.

15-17th April - Waiting for a weather window in Iceland

We drove along the ring-road from Rekjavik to Hofn, on the way dropping our
technical gear off at the Vagnasstadir hostel. In Hofn, we waved farewell to Sam, Joe
and Dan who continued their journey driving round the island in search of better
weather for photography.

At this moment in time, the weather was not on our side: a high pressure spell over
Norway was sending wet, warm southerlies towards Iceland, generating significant
amounts of precipitation on the south-east coast. The forecast for the next week
was, according to all recommended sources, rain. This left the team - Oli, Glen,
John-Henry - in Hofn exploring the town, seeking relics and connection to the 1932
team, drinking coffees, and religiously checking the forecast.

Our first attempt at historical rephotography began inauspiciously. Oli asked a local
Icelander whether they could recognise the location of the photographs we wanted to
re-take in Hofn. Yes, they said. But you are in the wrong Hofn. You are 400km away
from the right one. The original team had spent time in two Hofns during their time in
Iceland, a detail we had missed. Hopefully other elements of the expedition were
better prepared.

Our other attempts at connecting with history were more successful. Notably, we met
Siggi, the great-grandson of the brother of the 1932 mountain guide and found a
copy of the guide’s diary in the local library. At least our trajectory was positive.

A short weather window appeared in the forecasts for the 18th. On discussion with
Bjarney, the guide responsible for taking us onto the ice-cap, we agreed to be
dropped on the ice in this window. We therefore moved camp to the Vagnasstadir

hostel, base-camp for our drop-off.

18th April - Drop-off on the ice
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Within an hour, we were at 530m in rain and cloud. We shifted our gear onto a
snow-cat which took us on to the ice-cap proper and up to 800m, slightly above
Joklasel hut. This was a real result. We estimated an 8 hour weather window of dry
conditions before more rain fell. The higher we got, the lower the chances of rain.

In the convoy with us were a team including Wendy Searle, in training for a female
speed record for a coastline to South Pole journey and Louis Rudd, the Antarctic
explorer. They were wearing more serious polar gear than us, and speak with a body
of experience behind them. As the snow-cat trundled up the ice-cap, our nerves
admittedly built.

As we were dropped off, around 11ish, the weather began to clear and we saw the
sky for the first time since arriving in Iceland. The weather was perfect (for 6 hours at
least), and we could see. We needed to push to get to the snowline.

We began immediately on skis. After 5 minutes Oli, first time on cross-country skis,

fell and cut his finger against the ski’'s metal edges. After an hour, Glen ripped half
the lacing of his boot irreparably and after 3 hours, John-Henry’s pole snapped clean
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in two. Given the circumstances and the rapid introduction to pulk-hauling, we made
good progress up Skalafellsjokull.

Our route up the crevasses field was safe, and we never experienced any crevasses
and a pair of passing snowmobiles complemented our route-finding up the glacier.

By 5pm, the rain began and our weather window closed. We’d reached 1200m, but it
still wasn’t high enough to avoid the damp soak. Everything began to become wet
through, and so we put up our tent, and followed the protocol we’d developed in the
UK. Once the tent was up, Glen moved inside to protect the flowcells and dug our
porch, as Oli and John-Henry readied the outside.

Given the wetness of the whole situation of our first night on the ice, the parallels of
reliving the 1932 team’s first experience living on the ice-cap in ‘Camp Driblet’ was
not lost on us.

19th April - Camp Driblet in 2019

Rain all day. We remained tent-bound. Whenever we moved outside to fix
something, or get something, we were soaked to the core. Oli was very cold all day
and slept in his sleeping bag most of the day.

20th April - Onto the plateau

By 9am, the rain had turned to snow and we decided to make another push towards
the snowline. We packed up according to previously agreed protocol - Glen tidying
the inside of the tent keeping the flowcells warm, as Oli and John-Henry packed the
pulks.

We moved up the final section of the crevasses field in complete white-out, with
John-Henry’s eyes tested at the front of the rope. Without an InReach device, the
ascent would’ve been totally different, and we would’ve been forced to wait for better
visibility.

We ate lunch in a storm shelter as the worst of the wind and snow came through,
and thought we made it onto the plateau at around 2pm (our pulks no longer gave
quite so much drag). By 3pm the sun finally broke through again and the cloud lifted
slightly. We could see an ice-cap, and our place within it!

21st April - Pushing north
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10hours, 22km, and three tired men. We woke at 6am, having missed two previously
set alarms, and were on the move by 8:30am. The terrain was poor, changing every
5metres from fresh snow to sheet ice. We switched to snowshoes to navigate the
challenges of both. Physically, we began to display some wear. Oli developed bad
blisters on his feet, and we all mentioned quite sizable bruises on our hips.

We made a collective decision to change our route, and shift our traverse target to
Pobergsvatn, rather than Kverkfjoll. In doing so, we decided to avoid some very poor
weather forecasts for Kverkfjéll, and to follow the original 1932 route, allowing more
time for science and exploration rather than hauling.

22nd April - Whiteout skiing

20km covered with good skiing - some glide! - and lots of time in whiteout. The
agreed highlight of the day was seeing a flock of birds through the white-out, quite
something given our location.

23rd April - Approach to Pobergsvatn

We set early alarms for 5am to avoid a rainy warm front coming in. We moved ~8km
down the glacier (but still felt like we were dragging the pulks uphill). That said, the
snow conditions were good and there was some glide to our skiing.

Visibility had been poor all day, and as we reached the very northern edge of the
ice-cap things were no different. We could make out rocks and crevasses, but were
unsure about our distance from them relevant to us. We made a decision to pitch
camp and wait until we could see properly again.

Midday came, and out of sync with our forecast, the sky cleared. As the whiteout
lifted, we realized what we thought rocks were in fact mountains, and that the actual
edge of the ice-cap was a few kilometers further away than originally thought.

The weather continued to brighten and we decided to scout a route off the ice and
onto rock. We skiied pulk-free (a treat to glide!) until the beginning of crevasses, and
roped up. After a few misdirected efforts down - blocked by crevasses, rivers - we
ascended a little summit to give a view on the area. From the summit, we spotted a
crevasse free descent and a big snowbridge over the river between the ice and the
rocks. We’'d completed a south-north, land-to-land traverse of the Vatnajokull!

As we returned to the tent, the winds grew to ~60kmph. At Kverkfjoll, our destination

before the change of plan, the winds were apparently 120kmph and higher. We were
happy with our decision to modify the route.
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We continued to read chapters of the 1932 book in the tent, reading their journey in
parallel with our own. Our respect for their team grows and grows every page.

24 April - Summit of Dome 1

We enjoyed a lie-in to celebrate our safe outwards traverse, and rolled around in
sleeping bags until 10am. We all agree on our appreciation for the addition of
cinnamon to our porridge in the morning.

The aim for the day was further exploration of the land north of the ice-cap, in
particular, the summits of the lava dome the 1932 team called Dome 1 and the 1932
base-camp.

First, we arrived at the basecamp, just underneath Dome 1. Well-sheltered as
described in their book and conspicuously clear of any big rocks. As we explored the
area, we found vegetation (mosses and even some flowering plants) which boded
very well for Glen’s scientific effort.

We reached the summit of Dome 1 without any concern. At the top, we found metal
cans weathered with time but clear relics of the original 1932 team, and above all
their cairn! We retook photographs in the 1932 style (“Glen, change your posture!,
Oli, cheeky grin!, John-Henry, stop smiling!”). This was the first moment the physical
presence of the 1932 team felt real. We were stood as they had stood, feet perched
on a cairn they had built. We descended from Dome 1 filling the mountains again
with the sound of the Bonnie Banks of Loch Lomond.

April 25th - Genome sequencing

Up until this point, the morning routine had been quite straightforward. The team
woke up, complained if it was early, and slowly John-Henry would get out of his
sleeping bag to light the stove and melt snow whilst Oli and Glen napped. This
morning Glen, ready with anticipation of the day of lab experiments, was ready to go
in the porch before the others were awake, and therefore volunteered confidently to
light the stove. The ensuing effort nearly set fire to the tent and our belongings, as a
petrol fire grew inside the tent. “Oh Dear, Oh Dear, Not Good” Glen said quietly as
he placed a fire blanket around the flames. The situation ended safely, but it served
as a reminder to us all of our isolation in this remote, dangerous environment.

The day was the scientific focus of the entire expedition. It was the day we would
finally attempt to achieve the first example of entirely off-grid genome sequencing in
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a polar-style environment. Glen had been protecting his flowcells through the days
and kilometers for this moment.

We skiied and hiked our way to Hveragil gorge, a hot spring gorge described by the
1932 team, and a guaranteed location for some form of life. Access to the gorge
itself was tricky to accomplish and took some time. John-Henry and Glen eventually
managed to abseil down into the gorge. The gorge smelt of sulphur, and the water
was above bath temperature. Glen spent 30mins sampling.

We skiied back to the camp, had a quick dinner and Glen began his extraction and
sequencing protocol. In a sentence, we became (to our knowledge!) the first team to
sequence DNA off-grid in a polar-style environment. Kudos to Glen.

April 26th - Rain & rest in the north

We woke late after the extended sequencing effort last night. We’d been up late
ensuring activity on the laptop for the sequencing effort. “We” really means Glen, as
Oli and John-Henry fell asleep accidentally pretty swiftly.

After the fire in the tent, John-Henry was more conservative with the stove, melting
ice for breakfast outside. The weather deteriorated through the course of the day and
we had, as planned, as restful morning.

In the afternoon we’d reached cabin fever and skiied out to a dust cone, which we
sampled and tried to sequence to no avail. We ran out of battery on the dremel drill
and resorted to blowing reagents through rather than centrifuging.

By 9pm, the clouds and rain around the camp lifted to reveal our surrounding
landscape - the blacks and greys of the Icelandic interior desert - now with an
additional covering of snow.

Moods and spirits of the team were strong and well. With many of the core objectives
of the expedition complete, we appreciated that we could now focus on other topics
and not stress about anything other than getting back safely.

April 27th - Rephotography

Again we began the day in poor visibility and rain. By midday, there were signs of
clearing and by 1pm the sky was cloudless. Immediately we put on our skis and
headed towards the Skarpajedinsjokull, seeking to do some rephotography. Our
target was an image of a glacier cascading down from Kverkfjoll, and named after
Skarpajeddin, the mountain guide for the 1932 team. We managed to capture a
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roughly equivalent photograph, but we appreciated the challenges of rephotography
with differences in season and light affecting the ability to replicate images.

It was the first time we truly saw and experienced full sun on the Vatnajokull and
John-Henry lost his bet that we would have no bluebird days in Iceland. He now
owes the the team beers for the moment without clouds. Under the sun, we enjoyed
downhill skiing races across the snow with many catastrophic falls.

With the sun, we ensured all devices were charged ahead of our “marathon
sequencing” effort.

April 28th - Marathon genome sequencing

We woke at 5am to set up and launch a “marathon” sequencing run. Using solar
power alone, we aimed to run a pretty intense sequencing program on the laptop
using only on our power packs and solar panels.

Glen was in charge of monitoring the laptop, charging the batteries and getting the
solar panels at an optimum angle to the sun. John-Henry and Oli were in charge
initially of entertainment, but quickly grew bored and went for a ski.

They skiied to summits in the area to take 360° panorama shots of the summits of
key lava domes for uploading onto Google Maps to build the “community knowledge”
of the area around Vatnajokull. As we took photographs, the weather closed in and
snow began to fall. We returned to the camp to entertain Glen once again, who had
been busy focussed on his science. In the end the sequencing ran for over 20 hours,
and read over 100K strands of DNA.

April 29th - Summit skiing
After 20hrs+ sequencing, our laptop gave way to its battery constraints. Oli and
John-Henry fell asleep whilst Glen stayed awake until late, checking the laptop at

30min intervals.

During the day we relaxed again in the morning, charging drones before conducting
some more 360° photography and summit skiing.

April 30th - Climbing the needles
Scrambled eggs for breakfast drew moans from the entire team. We spent the

morning conducting a kit check and stock count for the return journey, in addition to
some filming of Glen for Oxford Nanopore.
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The afternoon’s target was an ascent of the ‘needles’ which overlook the camp, at
the foot of Kverkfjéll. Glen and John-Henry made an ascent, with Oli capturing it on
drone. The rock is loose and dangerous, despite its natural beauty.

We return towards camp via Dome 1, and see the cairn has thawed. We move rocks
and the metal boxes around, and stumble across a tin with a sheet of paper inside.
The paper has the signatures of the 1932 team. Unreal.

1st May - Beginning of the return journey

Whiteout all day.

After the magical colours of the sunset last night (reds, oranges, scarlets lighting up
Kverkfjoll and the volcanic plan), today was especially grey. Despite the grey, there
was limited wind, and so we moved forwards into the white, into the nothingness at
good speed. The snow has changed character since our outbound traverse, now
pocked with marks of rain, and was easier going than on our first crossing.
Unencumbered by the responsibility for the flow cells, Glen wanted to get to know
the Inreach on the return leg, and therefore led the trail away from Kverkfjoll. Before
we departed, we took a toast with Icelandic gin to the camp.

2nd May - Freezing rain

We woke at 7am, ready for another day on the traverse, and as we poked our heads
out of the tent were met with a scene which had begun its process the evening
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before. Everything: our tent, skis, pulks, were covered in a rind of ice ~1cm thick.
Freezing rain had coated everything.

John-Henry spent much of the morning de-icing the skis with salt, with our tent
brush, and with around 4L of boiling water. Once the skis were ready, the entire
team spent a few hours dis-entombing the tent from tent from the ground, but a few
pegs were broken or bent in the process.

Once we were on the move, progress was rapid as the ground was hard and our
loads increasingly light. As we set up the tent at the end of the day the wind built to

~35kmph, and began to create pockets of dense spindrift where we left our tracks.

3rd May - Another bluebird (!)

We woke with the porch of the tent almost filled to the brim with spindrift. We were
surrounded by 1m deep dunes of spindrift on the leeward side of the tent, whilst the
remainder of the plateau was completely clear of snow. We spent the morning
digging out the porch. Top of the conversation list was the fact that the wind last
night had filled our tent with snow, and it had only hit 35kmph. We shuddered at the
idea of 100kmph.

By 10am, the wind died down and we began to pack the gear. By 11am, it was totally
still and we had blue sky. The skiing for the day was average in condition, with some
icy pockets, some deeper sections of powder.

We lost sight of the Kverkfjoll range, and toasted its memory with a bottle of gin. We
set camp after ~15km hauling at 4pm and spent the rest of the day in beautiful
sunlight. The temperatures were -10°C, but the blue skies allowed all batteries to

recharge fully for drone-flying.

4th May - Descent to Joklasel
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We woke to another blue sky day, and spent much of the morning filming on the
plateau, enjoying our final day on the ice. We took every drone shot iteration
possible of the team skiing on the ice.

Our ski was down the crevasse field we had painstakingly come up in white-out. In
clear conditions, all crevasses were visible, our ‘Camp Driblet’ was visible, the
mountains were visible. We all took heavy tumbles going at speed on the descents,
most notably Oli having some pretty big crashes.

We camped ~600m from Joklasel hut, just behind a small hill on solid ground. We
placed our skis and poles as safety guards to ensure we were not struck by some
unassuming snowmobile. We read the last few pages of “Iceland Adventure” and
toasted a successful crossing with a few whiskeys.

5th May - Collection and expedition end

The day after we were picked up at midday, and taken back down to the
Vagnasstadir hostel, and Hofn.
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16.5. Appendix V: Carbon offset

climatecare
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16.6. Appendix VI: SAR donation (proof)

You donated $125.00 USD to
Slysavarnafelagid Landsbjorg (ICE-
SAR).
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16.7. Appendix VII: Vatnajokull National Park permits

16.7.1.  Drone permit

UAV permit apphcation for use within A THAIOKULSS JOOCAROUR
Vatnapokull National Park S

Pleace emall apphcation ta: telsusnhoddvip.n

General e of UAVS ddrones) is sot parmimed within Vateaidiodl Naticoa! Park. The reasona are:
Protection of wikhfe within the park, Vistor safety, snd the park’s cbyeciive of gualty espenence for oy
vitors. This i n acoondance with reguiation about Vatnapio! Natsonal Park (S08/2008), artche 9.

Park muaragens can pernd The wie of drones when guidastioed THt suth uie wil ROt (oA vere with
vy of the Shree reasons stated abowe. Separate peemits are mued i the woe i » part of scentfic
tevearch or Lege-wale Mim projects Joontadt Yierumedaddf®e o 1 Sor fartver nformation).

This appiicaton form i for a8 UAY ute that s nekher 3 part of & schentific resescch or & large-scale fikm
Prefecl. Aol ations mest e seminad with 3t munevum 7 days notics Vamna kel Natioead Park can
20T puarantes That the apghcation wil be peocesiad # 2 srrives later

Nose must be taken that police and ICE-SAR pericanel are aeempt from secking permat whn the drose
e i part of law erdarcerment of search & rercue opeationm. The deone use of The prevouny stated
personntd hart Bowever 10 be reponied 10 the park Juthorties.

Applicent indormation
| Name: Olives Vince
Submvtted s part of e Sm malirg for the Retern 1o Vemaolu K exped ton
Coomw, seiet epoet (om)

"m’ 4r 1 91 Catherines . Vcnhp,- Mande Road

City Owlond

| Postoade; OX1 3U)
Country: UK

Dol clver oM Bpmal com
Noble phose rumber while in ioelund «447591109007

Mat the apphcact recereed any cortfied UAV trmming? Mo
_4f yor, plecas attoch o copy of certifieste)

VAV infoarmation

rm. on
;m.:mm

| Weight: 734¢
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Seral sumder

Dot Bhe drome Bave & habiity nsursnce cover? No
| |f yer, plesse attech & copy of cestificate) =

Flight locations wthin the national park
Floase M » 83 moony kxatoss o needed. f roore then Lhree, pleare copy kdvton tudle ond paste o
aften o3 needed, Aroember 1o vpdote Aotion numbers. Pieare be o3 el a5 posnbie with Socatians,
stoting name of phace or GFS coordmates.
Lecation F1: Locations on the South Coart

Date: 36-19°
Time of day: Duytome
Duration of Bghis) - misantes apgeod. 120mes (desendant on weather)

" Objective of TRght Obaain Grematis lootage of our approach 12 the icecas for The prometion of cur
wheralic cevaits 50 wid or sudences dher e espedtion

Location 82 joklnel to Kverkdol kecap traverse
| Date: 39%37% Aped 2019

Tiese of day: Daytime

| Duration of Bghtls) - reinetes: appeos . 200 mmtes feperdant on weather ang power)

- Otijective of fight Cbtam Dnematic So0tage of Gur sk U averse 2(ross the ecap of The promoron of
!wn—tmuwmmum

Location #3: Kverhfjell

Dete: 28°. 5" Aped

Time of day: Dayteme

Duration of Sght(s) - mirates appeon. 290 mimates (eperdart on weathes and power)
 Clbjective of fight: Obtan Gnematic §50age of 0ur Dasecamp ot the eod of the icecp for the
PrOmotion of our LHtAC rewlls 10 mer adierces after the erpedaon. Ako 10 obtan Ngh
rewhsson mmages of the glacial fongees aroend Kverkijoll for the perposes of comparsoe with the
cecip locationd i 1932 [vee soentfic snd Mmmaking permet spplcations for more context heoe)

) GV V.
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Oudond, 19/02/201/ 7
Place and date

To be sgred by pork warden :

’y’ /¥ fdades

Poce and doce:

L )fa'.f:&(J /&'lj}ﬁ,(é—f#,
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16.7.2.  Filming permit

Application for a permit for film-making, advertisement making and
permits for other such activities in the Vatnajdkull National Park

Mnformation on the applicant

Appiicoat: Nome and ID Oliver Vinge
No/Stote Reg. Mo

Addrecs S Catharines Collage, Manar Road, Onford, UK
TetephongMob Fas ond ¢ S44T590 209707

—od olwer vinceMBpmal com
Pegresenioive of Ihe

cppicont if the oppdcont s o

legol entty

Praject superasor

Name and short descrigtion of the preject:

The flmmaking peoposed heve will ooour as par of the cossach objoctives of e "Rotem
to Vassapskaull' opodition (ann slodporapon com). Thie expodtaon e 0 rotrace a
route from Joblacl o Kverk ol that was pesfoemod By 2 toam in 1932 One of ot sers
1810 reaahie & sclection of e photos and make these publnly avaslable so that changes
I the evviromecns can ba obsorved ia B sponsing X7 yoars. Another of o aume s %0
perform a microbial taosoanc wirvey of fic sodencrt neae the Gosgoasg ke The
spplicanon for this schentific progoct das alrcady booa subenmad 2 you separately

The purposs of thas filer will be 0 commmmcate 1he sovy of ur purdy acoost fhe scotap
and 10 CoOmMUICEne Cuf SOCHific fowelts 10 3 widr sadicnce. This will hopefdly iscrease
U widet IICrest i Our SOxRn 0 resuits and encourage Cpodition 1cams in the futun

1 3m 20 amalour Slm maksr, and & seloction of myy previoas work ¢ be Sound bere

e Ureowmodsa com Thas will be a smalbacale S poogect thit is a porsonald inlerest
of the toam mombers. IF 1h Nlming poes well wg will aom 1 suboit the £dm 10
Advesters Film Foanale

I you hanve any fordher Quostions adout our Timeraling ODJOCTADS, OF MY CAPIIKNCE a5 3
UAV aguranor, phass do not honitang to asi.

Numbaer of participants

Total number of exmployres invoived by She project: 3 teom members o She kecop crasting, they
Wl not be empioyed

Further trenhdown, €4, nvmbder of sxtors ond extras, Sechnioad personnel, corvice persooned, efc.
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No tgnificant cther partioparts in the 4im faith the esception of sovuble short cign of ather
people we meet on the Journey] We will Be carnying minimal camera eqelpment s it will 38
have to be carvied in owr pelis

Other detads e g number and siae of Cars, set, scenes, aerial sShooting, animals etc.

We will be trangting from Johlase! to Kvorkfoll on sios, pelbag pulis, and will b
filmang owr journey. W will by carrying 3 selostion of handhcld camenas and a DI Mo
drone A sopoete applcation will be sebaattod for use of the UAY. The dronc flaghts will
B usad 00 obtae shovt oot <lips of the 1oam on The koocap and 30 collocr hegh
sosokation smages of the glacal songues on our ioacap teaweng roste. All DAYV fights will
be coaductod with the stmont sorpect for the nasural caviromment 3ad other toame that we
oot aeound the 1oocas

Timeliae and duration of the project:

mnmmn'nuuwmmu 161h of Apedl 2019 1o around the
Sth of May depending on how The weather condtions affect our joureey.

Lecation inside the Nations! Park:

We will be traversing the icecap Betwees Joklasel and Kverkficll. Possible inclusicn of
extra shots from the South Coast, e, Jokuliarion and Hofa, but the focus of the file will
be on the traverse

1, %o undarsigned, horoby conflem that | have stadied the provisions of Act No. §0/2007,
Regviations No. GOR/ 2008 and the regulations on phote taking and 1Bm making in Vatnajtdul
National Park and | warrant 1hat these who are isvolved in the groject shall comply with these
procedures in every detall

Ondord, UK, 35/02/2019

Face and date

Sigmate of the apphoantesresentotve

Y g -— : » 7
Z’.{ /9 reiia sy 2 r,?{'&'a‘ﬁm‘/M
/;

Pernt grapded

7
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16.7.3. Research permit

Agplication for a research permit for the Vatnajdkull National Park

Infeemation on the spplicant/rescsecher

Project rome Return 10 Vatnajoiwdl Expedaion

SehoobEsnoblish - imperial College Londen, Abersytwyth University,
University of Akureyr
Or Arwyn Fdwards, Somior Lecturer in Biclogy,

‘ y Azersytwyth Unwversity

Azpicont: Nome ead 10 Glen Gowers

No/Saate Reg Mo

A 83 Cavendish Parade, Capham Common Southiide,
London, UK, SWa SOW

Tebephone/Moble,Fax SEATRSA591424

f-mod ggowen@gmal com

Oate, timelne and duration of the project:
20th Apedl = 20tk May

Lotation nsde the National Park:
Gergriaig bie, Cverifiddl Moortan Rasge

Destription of the project, purpote and execution:

The roscarch proposed hore will 0cowr as pan of the schoetific obpectives of the “Retam
Vamapltall' expodinon. This expedition sines % setrace & roule from Joblasct o
KverkGOR dhat wans pecfonmod by = %cem i 1932 Our sims i % ro-ake 2 seloction of thewr
photos and suake thone publicly available so that changos in (he emvissarment oo be
obnerved in e spanning K7 yeare, fn 1932 éhoy peblichd & txvonomic sunvay of plans
and anierals By eocountored i the Kvark il mosesala senge. Taking inspirmon from
s Sarvey we arc proposang 1o perform » msrodal lscoomx sarvey of Be solimsont
noar e Genglanig lae (64 7478853 N W?I'“Wephbu%
"Onfond Nansopere” soguencing devives that cnable soquencing 1o B¢ porformed

Berefore rogunng no cotloction. This werk would be performed under
wapervision of I Arwys s collahoration with an Iockandic roseanch groop ot e
Universey of Akwreyn

Dexcription of methods for sample taking, i part of the researche
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Soguencing will ovcur oaadc with DNA cxiraciod from the ool wung 2 well-known
Onxfoed nemopore soguencmg will be porformad in-site Dorviere se amples will
M—‘&uoﬂhwm Dt willl b colbocsad om » Lagop and will be
smalysad in collaboration with eur foclandi collaborsior in Alareyr

Other infermation that the spplicant wants 8o wubmit:
Todormation on the expodition mere broadly can be found at www akodgoropant com
Adcrmatively plosse do not hoatate %o contact me directly for maro nformation. We
woekd boe 1o complet this work i an chose commmniontion with the park suthoriies &
Ponadhio 33 naae 3 codesive selaniorsp.

I, the undersigned, Nerely confirm TNt | Aave studied the proviaions of Act No. €0/2007,
Regvations No. 60877008 and the work procedures for fosearch of nature, the satural
OOVISAMEnt and CUUA NeMmaing I The Vatsaithull National Park and § warrant that thowe who
20w iewoived 0 the progext shall comaly with thede pracedures in every detad

Poce ond dote

5/2 79 /rlfm Yo' s
/ Perenit gramied

[Please emad application 10 Stewmene Hidd Mardardsttr:
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16.8. Appendix VIl Peer-reviewed manuscript

. genes ‘mopy)

Arvicle

Entirely Off-Grid and Solar-Powered DNA
Sequencing of Microbial Communities during an Ice
Cap Traverse Expedition

GlenOliver, b Gawens '4740, Oliver Vince **, John - Henry Charles ', Ingebong Xlarenberg **0,
Tom Ellis ™' and Arwyn Edwanks "4

b Vagpoioad Expodition Tram, UK oliver vinoesiigmad com 10V X pbnboney charfosipmal coon @ 2L )
T teperial Colioge Contar for Symiwtic Bodogy 3C-CSynBl. Imporial Collnge London, Landon 507 2AZ, LK,
Lelbairaperul o wb
Depertonent of Boongmovnng, Imporial Colloge Landon, London ST 2AZ LK
Btinute of Boonndial Enginevring, Univerity of Onuiiad, Ohdved OO0 700, UK
Toculty of Natwral Besonasoe Soonce. Usiversate of Adreyrl 400 Abwrey s boebaesd ingrbongBunih s
Faculey of Lide and Erviroeoremial Sowmoos, Univvmsity of bovand, 9T Rey b il lockand
rvittute of Beodingn Al T onwonmairtal & Ruvsl Sowmoes (THEES, Advry sty th Usiversiy,
Abcrywre s th SYI8 KL U sprtiabr o wh
¥ merSacptinuey Contor for Lantpamental Microdiology. Aberysowy®h
Universitn Aberysiwyths Y2100, LK
* Comopondoncr: ghorweniiprad oo

Recevol: 37 Scpternber 219, Acorpiedt § Nevemder 1% Pblobied. ¥ November 2014 b~ i

Abstract: Mcrobisl commaundtes i remmote locations nomam understodind. This i partoulurly true
oo ghackers and boecaps, which coser approsimately 1175 of B Tarh's surface. The princigal eanon
for this & the bnacoesaisling of most of these amcas e 10 thar extseme solation and dallenging
envimeemertal conddions. While seenrie mescanch statwes Bave signibcantly besorad the bareser
0 studying the mikrobial communitios on kecaps, Shelr we hin dod 0 2 blas for data collection in
the noar vicinity of thow institutions. Here, mimiaturisation of 2 DNA sequencing lab satablo fos
Ol retagenarna stiadies s Semonstrated Usiog haman poser aloow, $his b wan ansported
acrins Evrope’s Degest e cop (Vammapoloudl, Tockand) by shi s shodige. Aler 1] days of semupported
polaratyle travel. & mctagenooc stedy of & goothermal Mot spring goege wiss conductod on the
ormote nerthern odige of the koo cap. This demb-buned ssetagemomic stady sesulted in over 24 h of
Nanopory sequencing, powered by solar poravr alone. This stady demomatrates the abeliey 1o condact
DINA sexpaenang, i semote locations, Lar from civilised spsossces (machanbad trampest, extermal
Pt et seppiv. Iiernet Connecion, efc ) winibt greatly redincing the thine from sample osllection o
dals scquesdion.

Keywords mutagencaas. sanopuon, pelar, cvpedtion; mioscboal seguening

1. Inmtredudtion

As the Farth's chimute contumuns to warm, $he role that miosdsal ecosystems play in antheopogenic
Amate changy Is booomming ncmasiegly appaseat. As those miknobial comanenitos Mt the climate,
They, o, wWill b affectad (1] and muy further ampiily chimate chamge |71 I8 & crmcial that owe
understandamg of s mleraction improves S inform our collective bnosdodge of how dimate s
hanging 11]. Our usderstanding of hose microblal communition natesally coerclates well with the
wvaw of acoows for sample coliection [1,4). In particulae, polar envircaments sutior fsom loghwscally
Mallenging sample collction and shigping. Hende, polar smvironawots nanain poocly undenstood

L S0, 10 02 Bt 10 Dl g 0 S0 v s e Yaa ol g v



Return to Vatnajékull Expedition 2019 - November 2019 report

Cown 0, 0 w0 Tt

2t thin mucsobiod hevel despite the polie cryusphone sepoeseniting approsimately 167 of the Earth's
werface |5) Tradisonally samples must be caliociod oo sile using storle oquipont and trassporied
back 0 a laboratory wnder appropeiate conditions, uxh o under dry ke Logtios anv harther
haonpenad by dearing customs and other delays in trarsit. Thio ofion sesulis i & sgnifcant besgah of
time from saomple coliection 1o sample asalysis. Durirg This e, Bhe compniton of the macrobial
comerrend®ty can change ot dograde.

O solution 8 Shew iucs s 10 bring the liboratory choser 10 the sample collection s,
This has boen achbevod by buikding reonode imstiutions and reseanch statons, Av evample networks of
ANGC stathons (s Do irberact ong ) and The oy sesed ich statons om Bhe ANancis continent [+]
Wikt this ssieirniscs the liese and bogintet soquecrments of saonple anadysis, this benefil is gaconcst fow
stady site in pronimmity bo ficld statiors 7] For example, a rooont seta-anaiysis showed that 3% of
Axtic coodogy citation sor derived from work within & 50 kum radtis of fust two ficld stations [7]

Cooventhonal Raracmrnation of microlal communities sels on DNA sequeacing, sinor mant
mhcrobees romain wnosinunad 5] Toth Ngh thaoughpat matagenambs sapiencing and amplioon
soquencing are ty prcally sppiiad wish the iosontion of reveaking e poopottions of siosodaad species
Frosent a2 partioslar sample |59 005 Over the Mt docado, shoet soad soguending has boen wsed
poodominantly. This soguines 2 full geromics Lboeatory 80 house large, bully equipmsent. In ot
yoars, loog read soquencing has sovn increased use. Ondord Nasopow sequencing can produce
s Bcant sermunts of road dats OVibg=Cp ) froes 2 small device copalie of being run dwealy from
& laptop [1T] Previows studios have capitalined on $he semall Sorm Gactor of this devioe o conduct
soquencing ofioets af the site of semple collection. For example, portable oog-road seqoencing was used
10 seuerice phant virus gemosses in real e 10 lorm arop managrment i seb-Saharan Africa [12)
11 o 2k bowm poos en B0 pron ide earty Setocthon and epademuodogic servellance of Ehoda and Zia
virus” during epidomic outbeaks [10,14] The chear advarrtage of s techoobagy s Bl the dey e can
be rus o bow sosouse envieoremonts. This s largelly bocause sample proparafion soguines & treoieal
molocular Blology st up and Be seguencing run ibwlf sequines caly a lpiop, a Nanopore MinlON
devior, and a Namopose floworll. This devioe has also boen takum endenground 8 demonstrate the
abiliy b0 sequenie 3t Inhospitabde subssurtace beveds [15] I 8 Gear progresion 10 ten apply these
enarirral il rastnac e fedheigues 10 pobar esviromments. Tempotatore repultion s 2 hey challonge o
These crmvironmsents an manopore Sowoelh ase otromcly semsitive 1o fseerng. Toamas have previoumdy
conducted DNA sogqaencing in polar eswisonments using Onfond Nanopore deviom. Jobwmon of
conducted on-site calbrations & the Antarctic Ly Valleys and further sequencing feson samples
& research stanon [16] Edwands ot ol simsilarly pesformed sequencing at an At nesearch
Mo Aliorwieng sampde coliovtion neady |10 Edwands of ol further sacoossluly achieved infield
seenple-do-data colioction at 2 fickd camp s Croonland (7 N) wsing a combunaton of & genenator s
battery power that was flown in |10

Thes fac, B abaliey 8o soquence DNA obb-grid has bown Limaod by 2000w 10 velikchos and geacraton.
Ths stuady smveind b mumisning the slrasteuctione roguised for of-grd DNA soquencing bry ulilising sola
power alone for 4 DNA extraction snd sequencing in a pelar ervinmement. Diae o both hng days
i the summer sond svlective ioe 2od soow, solar energy s i no shoet sepply In polar cowisonments,
and dherefone praaides the perfect compoomise Betonnn portabibty and rencwable power avalabdiny
This Semonatraies B2 & sopeencing efiort could de savooedully complcted msdway thecugh an
otnpoing, wouppaied enpedison Alongside e ofver plrysical snd poyvchudogi sl alkenges assocaned
with servival i sach » dallenging etrviromement. Dals colloction wirs conduciod in & ot aficr the
expedition hoam had condactod a sk traverse of Furope’s langest soe cop (100 ko) over 11 days and
e sodar poser alone, This study occurmes at Joast (0 kam from the neasest ov@aation and af loast
135 hum fooem Bhe neanesd reseanch baciiny, Crocally, everythung requined 10 condint Bis metagenomic
shady was tramperted i 4 sodge dlong wi® Al aprpoent roaquinad for kg dorem pobee senvival
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2 Methods

L1 Henlure Logntios

The entive laboratory sctup was contamed within two 9 L boses o addition 8 & bpiop (n
waterpeoodshockprool case) and W W solsr panct (Table 1) This was pacheod into the back of 2 50 bg
raded polar shedge (Agualie Alpine Trall Patk, Cumbria, UK) and eccupiod - 5% of the slodge volame,

TaMe L. Contovitn o D e based minbitirised Liborstry.

Reragreh \(—-—‘tn Marim are
N rragewte CONA Lo bumd subne Narwgnrr VW v Dl
Nt semLode [ Tubw rata Bormgerame bogprrs (0
AMT e twads e wemrde Ay Urewet drdd
A ethand T8 v Dvomwiluge Wade comtamwr
QUACEN Nowarnnd At 200 e Hand gumwonsed comrviogy Lam raned
Navwogonss LN ke "LG Tervdywr Tow ol vtk
Natwpuar AL L Narvgumy Qb & W oommpact solae peaed
Chmas LS yornen D08 0S 0 Lpay
Taostdem. 20 A pemerry pachs (M1
LR Y FIX0 prgetne
Fland wwmers % pgesw
Saeriv oope 0 ppie
A*Wﬂ‘ Lebrmibry o bt Ay e 8 L by dhed Ty sk el she e v B
Vatnastud bwcup bulandt owinnin o B B & L e o & s . e ey Ll ey

T e B e e

Duning the fight 1o fovland, kit was stoend s $hroe Sflorene conditions: feange] Hald (ambuont),
Hold gpolystyrene box with § °C ke packsl, and hand-luggage {Table S10 During the ke cop
trivverse (soute shown in Figuee | A) theoe lemgerature sooes were abso estabdishad, hopt on person
Chentmamen ™), takuon ko the hont cach et {“Tenton ™), and keft otsade i the paalh (“Pralhdon)
(Table S1). The lemgwratony envinonment of “Chesd—warm”, importansdy, contained the namopone
Rowoetls that are destroyed I allosnd 1o frecee. To contend the emperatine of the fowaclls Sy weer
Rt s e shevping Dag 1 gt leside 3 PR™ Case 1005 (Pl Pt Lid, Glessop, LK) and Suring
The day e wese hept iroide & goneric artight plasiic food comtainer with foam padding for theemal
tnwullaticns. This cane wias hepd in 2 saved bag with a strap asound She carmier’s nock. Temperature of
the Bowactls was constantly socorded (“Hold (polystyrone box)” during flight and “Chest-warm™
Banirgg shi Tavene) wing 2 haery poseosed automate Semgeratuse kggiet This method mantained &
femnperamine betwerm = o9 “Cand =+ 30 °C despite ambocnt oo lerrgeratuns roachng - 17 °C
(Figare 180 Overhoating duning cxcedine on warmes days bocame & potential bsse. Tompenatune
wans contirmaoundy mosdionnd wvng an squartum thermosseter Lipod to the cutside of the plasts: food
contaires with the rmadowt moniior Apped 0 2 rackeack strap. Thervtons, emperature contrnol cowld
B achievod by mosing e case betweon Coting lavers
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et memparsturs ( C)

——

Figere 1. Piosueths were mraistarnod s frovoeg umng body Reat Sor B cuthomnd cleves Wb
darn (A Palis liadiading e DNA seuening expuipanont] wvve praied by abi b sovem days on the
euthound amey 10 the " camp™ oo the northem adge of the ke cap. The e ooy was
sduced 10 four days daw b moev Livosrabie skl and weather condtions. (B) Seoeperatan log of the
Bosvoviis fromm Soarving the UK be the start of the sovomd soguencing ren. Doring Dy <4 the Slowordle
wese hept i podsatyrere o with cond pabs opediBestad to 8 C ol pot i e bl St e
S Dups <0 0 werw spunt Ganvilng b st stying o 3 hontel whery Bonecrlia wise Lopt b
a2 rooes eenpwratan. Dy |00 7w spent iiavendng the owcap. Spdbes i empersmaw conspond e
might Saww whene Bomocile wene bapt innide B slooping bug. Dags 540 11 wose spont ot “Base camp™
on e svethern edge of the ke cop. Sogaenang rems #1 and &2 (rod lines) ccowrrod of the Sone corp om
Dy S and Dyy 11
212 Sampliog
Samples wore cbtamod fom the Hveragld hot spring goege, Jovland ddecimal dogrow (100
Covadrates B4 ASNORT, < 16527900 fodloaving & 40 L traverse of the Vatnapdull ke cap (arting
decimal degroe () covndinates HLISE0, - 1 5560059) by shi and sledige (Figere 2A0 A st spown
sterilisod with cthumod wins wsd 1o colioct the semmple it sienle samsple bags. The samprle comsiatod of
soul appeonimately 3 o usder the surface of mosses and verworts located oo am overbunging rock
20 cm abonw the het spring water serfacy (water at appeosimatoly «60 "C (171 Samplos were then
ranagoried 0n Aot aned sk at ambivat envinonmental sempetatione to the lent lvated 3 Am from the
sample collevton site (Figuse 18).
1A Rawery Porered DINA Fatrsctom
LINA was evtracted sming the CLAGEN Posorrsol™ kit iQugen, Hilden, Genmany ) accosdng %
nderlacturcs s oliuctoes cxoept Kow Bhe foliow ing unges. Contrihagation sieps were porfonmsed

wning a pee-changed Dol ™ 7750 battery - poscesad dnll {Dwmned, Prospect, 1L, USA) with 2 3 prinded
tube hobder Ortips Cwonow thanpvere com Mg 4£58M2). Contrsdugation steps were perfoemead on
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“mred e’ spood (evel 1) Sor Burvts of 30 5, chockang for Bhe safionmt outoome oach time o treremese
battory uwsage. PoworBoad bubos wore vortesed foe X0 » uning 2 Torrallvaor™ (Zymo Rowean®, Irvine,
CAL LSA) with a prechanged 17V battery. DINA wan eluted pning solution Ch (sderily elution boter)
poe-beated 10 body femperatene by hodling in a gloved hand. Evracsed DINA was quantifend using 4
Qe ™ & Duoromector (Therme Fobwer SOontific, Woltham, MA, USA) and SN A HS G aocoeding o
rrarmadlacturce ‘s intractions powesed by & PoserAdd Pdot Prod 20 A power pack. During sample
povpazation all sclutions were Lopt secund 20 “C using hand warmens bwido & closed slivping bog
DINA comoontraton was performad Mur extraction wning 03x Ampene XI' beads (Bechamann Coolier,
Drea, CA, USAL Theads were pelieted ining a virong oognet and washed with S ethoncd. Bhution
wirs Carned out with detonisad water The Liboeatory sctop s shown i Faguee 2C

Base carp

A

usr mune B

N

Poeties Drema¥uge MalON [ Qe 4 Notebons
Power poih Protocets
Figere 1. DNA extanctod Soen Hiveragd hot sprmg goope. (A 30 sonwder of 1 iveragl hot sprimg povge
b o dawe Saght heghinghtmg Bhe baostum of sammpde adbectem Sloomal dogree (181 coond b
SLAANRT =10 SITWL Render comnpdetnd weng fontagr dvws 2 Vv Pro Dsose (4L Sherrben, China)
and TidDwupgns e an D, Lassarve, Switartand) (B Landuape phatograph inde ating
B location of saeeple colivction “Hiveragh gorge™ and the Base comp wheww DN A enteacton and
soquencing ook place "Soguencmg bb®) (C) A photagraph showing tho st up for font Sased DINA
o lracsor i o slocping bag bb Been doglayod sor ube@al Terralyser hoe Svad hesting 5 eewiied
A O phadong s apdh

2.4 Solew-Powreved Nawopory Sogemcng

Extractod DNA was propuecd uning B Scld soquenong At LRRIOL Khdond Nasopose
Tochnodoges) acconding % the manulactuser’s Instractions. The 80 'C water hath was achivved
by BBz s kot e (Thermos L LC, Schasmburg, 5, USA ) with boding water and cooding, it
00 50 C w0 a8 appropriate. Temtperatune was monioned seing & standand mest thermomeior
The prepased DNA lbeary was loadod oot B94L Sowodls. Soquencing was powerad by one
Poscer Add 20000 mAh battery and hwo Aceyoon 2000 mAN poseerbanics, Al dally charged usng a
SO W Solar Panel (Mobuie Solar Chargerns, Sommenet, LK), capablye of gemerasing approsimately 20V
CVEN I et Come] COMEL ERM M Ay sOeTNing run.
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15 Dete Anidyscs

Dua froen Flowoell 93 win Jocally basecalied by odfine MaKNOW (VIS 129) 1Oviond Nanepore,
Onfond, UK) dacmg the run on & Dl XPS 1) 7 Laptop with 16 GB RAM and 500 CB SS5D. Data from
Flonworll 12 was basecalliod offlioe adior the run using Goppy (vA0.3) (Ondord Nasopore, Onfoed, UK)
FASTQ flen foom both soquemang runs wese convatematod and uploaded 8o Kaigu Gualu bef Su di)
50 1A 0nrmi CLrssCation wpon At 1o On Saation dise 1o coddle ermoes nimning Kaips odfine i situ
Reads wene comparad 8o the “NOM BLAST nir + culb”™ seferonoe datiaburse wsng the “Crondy™ setting,
allrwinng misematches with standand parsmcters (ronkram mebch kmgth 11, suisirmum match sose 75,
allowed mismatches 5.

). Reveloy

LI Sogarncing DNA Remodely Univg Solor Poowr

Two nanopoee flowcells were Laken on the cxpedition. A qaality chock was performed price &
Separvare and junst peor & seguencing for each floweedl (Lble 7).

Wadshe 2. Flomwcrl quabty ek s prerformed prot b oo poditam Separtioe on Dy 4 and abe
Inasndnely prioe b e seguencng ren om Duy 8 Flesvordl 010 2o Dy 1) (Posvocdl o2

e T 00 0 Dvpartuse Oy =4 Pobin o Sequancing Duy $ %) snd 11 90
e s 1%
Phoweell 02 19 1o

Ploscoell #1 setained W% of the inmal active pores wivile Floword 02 apgvoand 10 gam Swoe active
Pooes duning the peeespediion lagasics and the ol traverse These sevulis validatod our lomperatiee
conted appeoach using body heat o easinlain an abovedroczing Sempesature dering & hogthy ioe
cap tnavenwe.

Whuin S h of sammpling, 6.5 5g DINA weas extracted in 100 wl 65,8 ng/ul) from Hveragd hot
speng porpe by pooling, and Conoenirating four sepaeate extactions. The first seguencing nimn was
pertoemad om the soe oo immediately after wolh Jcal usevaling sctvated. This was o evsser the
sample contained DNA of sulficent qualty for & sucoosful seguenang run. The laptop was fully
hunged the day befoer (Day 7, Figuee 18) sning powee banks, which bad been charged by the WO W
solar pared. This first run was startod &t ~500 pn. on Day 8 and Lsted for 5 h oo laptop batsory alone
Ao 0 D bosw ambrent fomposatiine (225 700 This run yiekded 19555 noads B0t were Dasecalied in
real-time Jurieg the run

To determine the mavmun amound of data that a vingle flowoell could yidd s 2 single
solarpowenad 1un 2 frob DNA Sbrary froen the same DINA extract was addad so Towccll 2
Tooo Sarther a8ditbons of this DNA Idvary were used o manimise comalative thioughput (Figue $1)
Pesor 8o the sevond rus, theee Battery pachs and B Lpsop wese Chargend D day defore Muy 39 wdng
the solar paned. Sequencing bogan & 630 am (Dwy 1) with Jocsl hasevaling doablod and screen
Praghtness soduced 1o sursmese power comsuteption. Darmg daylight houss poseer was fed info the
lapeop using the PowerAdd via the W solar panel (Figure 3A) To muximise charge efficiency the
powerbunk was discomnectad when the Liptop charpad %o over 57 and was necoantind when the
harge deoppol bedow (0 Thies wias mmasetsined wiil arcmod 600 0o s hen nmadfioent solie powes
oould be gemeratod 1o dhange the poserboak. Seguencing coasod once Al power was exhinsiod (rom
all theoe poerbanis and the Laptop batiery ot 200 am. (Day 121 Interestingly, only spproxemaiely
frow active poovs semsained a8 this point, indicating that seguencing was not lindted by rurming oot of
power (Figare ST This socond rus yieldad 113,095 neads and Dated 19 h 4% min. The tetal soquencing
time Sor the expedmon was over 24 b and vickded 110508 seadts and 555.9 Mbp of dats (Figuse )
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A Latge mumiber of “short” svads (dark red. Figuee TB) reselt Ssom aggrosseve Boad besting, sogquend %
extract DNA from complex soll matiricos, and the tramposase viop in the DNA libeary proparaton
Divspete this we still sew a Large mambeer of avads evtending 50 5 kb in sae and beyond

132,538 reads
1859 Mbp

by - o R B .

Figare X T olf-grad wnguamaing mase pwbied admont 190 Sy of data. () The wolar posesy stradegy
Sor posering a laptop resming Ondond Nanogosr effire VorKNCTE softw ane (v 28 129 lvrms shosen
e lobeled (B Read borg# diristor bor poodol soquoncing rure. Fer wepiony ondy seads « SOV g
e Down

12 Matagraoms Andpuis

Basecaled roads from both rnums were pooked and uploaded o Kage for Lasonceric clasafication
A totad of $57 of e total svade (56,500 were saccesatully alignad 10 the selenvnde database. This eambees
s bonver Tan wan s opated bunsedd on pecy s work where we e sorm s dlues Betvoen 4075 and
9% Comidering The remsotoness of the sampling location thes is likely 1o reprosents tmcharactierinnd
microorganien spockes. A wide raoge of dlasses of batoria were obwerved, s well s 2% culbaryotes
and 0.87% aochass Cigure 4, Tablios 52 and 85 Dhae 1o sample colioction at the odge of a goothermal
stvam, 30 Sermophiic bacsenia wese Mengdfied by tavon claslication of three or mare reads
OTA b i T bmns Mt mgdnlnm Asn v D rmgenls, Cromatibos therany, Spdan o i tes s on ydalas,
Frmfrmemas Meranydels, Spvrchute ermnpinle, Symabiod ferivn Mermagdslavy, Schbeylera My rmophede,
Nowwheollas Shermepielas, and Prondonnardis termaphis). Sermltanccunly, 1M roads woer assigred o
onganisae from the Cyancbuactenia phyium with the Nostocabe osder being most sbendant (171 eads)
Within Cyanobuatena manphospocies Nty (K1 svaded, Osoflafonis (29 reads) Mwrmituam (27 svads),
and Paondanaboons (9 roadis) wese Wlentified which are characteristic of microbial mass w pole

regpoes (15

93



Return to Vatnajékull Expedition 2019 - November 2019 report

G MW, 0 W0 Sl

Acdotera - &
£ atn
£33 700°% Acubotainr st
£3 2500 Aatumiews
Mm-
- g s Prmectocess S9%
W ) 00N Purwioyeies
B 00N Ovw T4 OUN G apmectnc s
TIOON AP v st St
B3O Bty s v
L3N (e acnir midwmon
/\ TN O P
FOR gog - 1 W

Tigam L Motagoroomic protrin-evel Liumome sAamtficoten from Do soguaenong nms combemed
Koo cutpert e s Sor 347 of seachs that saccosstally sizned i the NOH sefemenoe dababvoe snd

wignn] 4o “grlulat ceganeen”, The wlstove pemooniiage of seads assagred o “odhdar orgasssen” of

In tvis stady the sinccesaful minaturination of 3 DINA sequencing Lbarstory socd that can be
hovabad By haman powes withan 2 bnget self suppeontnd capodition is dermomststed  The o perimental
uscimes prongt soese observations Bt may aud futere similie off grid propcts. Finst, the Dveenel Fuge
3 prmbed attachment (FoemLabs dear photopolymer sesin) became brisfie at lower fomperatuns and
at ome podng ceaciund during cmtrifugation. This Both posed & safety risk and searly devaded the DNA
extracsaon prosoced. Whide 2 bachup man sl conteduge was Slen [19] 1 oo seflesed Trom boieg, beatle
Al Jowes Semperatures. B s therefore recomendod that feture Soams pack & more suiable sein for
bower temnperatuncs. Furthermore, thore sene bsoes hooping e Divmel dnll chasged wseng battery
Pachs and, as sach, the enlating battery chunge froms bulore dopastune was selod upon. Sy retuming
the Myspn 12 (Therme Schrt e, Waltham, MA, USA) has bown wmesd, whach was suocesstally ren
froms the Power A posver bash a1 12V Daae 80 s smsall footpemt & i socomanend futuse feamms wse
this iroivad of the DovmsclFuge

The dichotorny of mucroongarsms identifiod at Hveragil hot spriog gorge was particulacly
intriguing. These was 2 sirable numnbar of seads assigned 10 Dol cyanobactenia charactenises of
the cold podar segons and thermophilc bacteria. It s Bedieved that this indivates the mlenosting
PRCTOCHA WO Prrescntl i Dot spoing strcams fod by sseltwater from the Vamapobull ioe cap |17
rovulling in & shoscdaal population with pecumably catemiely diverse esctabobaoms. Nateraly, this
stady demonstratos the methodology of mmtinddy off-grd ewtagenonse soguencing and future studas
are moodiod 80 probe the micTobial Lisonomic diserbasaon i tis arvs further

AdOmonaly. i s worth mating 1A apgeos imaiedy % of O dats peverated coubd rot be aligre!
00 the “NCH v + owl™ datalvse. Thiis ssarmiser drops b0 4550 when & striagont Quality thaesheld is
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appliad o the rouds. Thercforr. @ o exoctod sost of thn mamber sepocserts organiens that have yet
10 be cultared and have ther groomes characierised. While & may bo expociod that some of the dats
was from snknewn onganisms it s surpriseng that it was so high Naturally, Hveragll gorge, on the
rortherm edge of the ke cap, is ameng the most inacoessile places in locland. This, in combunation
with the intoresting, goochenmistry of She aroa Jeads o the conchinion that 565 reprosonts & pool of
Inderosting cnpanises and sactabolimen that could be later inolated end sdadied ferther.

This entior mwtagenomic study was conducted off-grid, on the ke, and all while over 13§
Am from $he neasest spsoanch Loty as Bw crow flkes. OfFgrid sogqeencng redooed the tene from
sample o Jam 10 under 5 h comganed 80 mdaywechs for samgle cotfocron and saropont hack 10 a
roseasch inBiusaon. In this w sy potontial b that may be intnaduced Soc 8 fongthy acsge hieres
ofton under suboptienal storage conditions is avesdad [10] Thin eff-grad DNA sequencing sscthod
roguines maromul indrastrectune, and therefose ko itself 1o being xtegratod o & scumaiic program of
the muay expedions that st out 0 the mont remote cornens of The polar works This wark svprosents 3
Nowprind for & ininienad s sistarabde nomote Livoratoey that, prermiting rochnedogival sdvancemaont,
could be adapied bo perdorm other 1y pes of s site satrple evtintons and desrntroats assCripionmion,
mctaboloomics, or protoomics studies. By sding the widicr datridution of DNA soguoncng capabdition,
wv hope W improwe car cothctive undontanding of the micsbual communitios that exist in some of
the planets mosd nomode en ioneands and the rode thae they play in our dhanging Clmaie

S Conddinions

In s atiady, 2 mbcrobial metagenomic analveis was conducted entirely off-grad using & biboratory
sl eneugh o e tramsportod using heman gower alome. Over 20 hours of contineoss DINA
sequencng wing & MedON Osdond Nanopore device wies conductod durieg & Swock sosapported
expodition on Furope’s larpost iovcip, the Vatnapd ol in koeland . The use of solar slome %o power this
squencing effoet demontrased that microbial DN A sequenang cam be conductad sustainably and
repeatedly danng an engoing expedison, alengsade the oher phyaucal and peyvhological challenges
assockatad wl survival s evisesse e inoniments. The metdiod demmonsaratad hore rerarnes e noend
o saenple transgutation, and it is anticipated that this will ensble sescanchers S0 study macrobial
populstions in more nemete coerers of e planct, far fros soscarch stations.

Sup plemeniary Manriale mm-nm*um B e N TELR T TEEN
Figwre S1 Cumvalitior Phrungghpnt plot o seuoncong mun €3 sharms that 1 the Lane gosvey ran ool anel

OQUETY NG s mhmm i ety ot @ mundmree, Pigoee 53 Read quabty
dstridetions for & vandand boratory rum and e study Table S1: Loceton of bomm during the
Coght 8o olind and hah A2 Phyls v clasiication frem K (s Table S35 uwd 2o

wovminact Figure 4, Table Mmiylm
_mcmn.utc.uutmunqm-mmwm
AEIK, -‘t&rﬁd Schnead and bgatacal swiatancy Pt 80 Separtase of O €1 pediten
Wl A dmaning WD (UL WPt ared Bt TR e Ry pund Cafvdien.

Tending The Sulrwing souroes of fund ng emabled e “Faemarn 1o Vataapoiou ™ expod thon wolh i wder Risdoraal
aad wesly Al Craft Mvwwnisd Famd, AC beotne Tncred Famd, Alpine 55 COD, frvrwy Wihwm Ohanttable

Trar, oy [nplovatam Basd, | ponlurulions’ (*Mfﬂd—“ﬁumhﬂw
Ttam COCA O Comvalen's Trast, Ofind Overbondt Famd Toms Eiks’ 1o

by EFSAC goant ERMOIZN0N] s S8SRC Ingetorg UL e
Fuoopean Uron's Hosuon 2000 trscsnch and ewar stior prograrere under the Marke P
agpeemwrt (N 070040 Mcro )
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