MOUNT EVEREST FOUNDATION

SUMMARY REPORT FORM

from an MEF SUPPORTED SCIENTIFIC RESEARCH EXPEDITION

Support for an expedition is offered on condition that you submit detailed reports to the MEF. To assist in
fulfilling this commitment, it is requested that you fill in this form and return (preferably by E-mail) to the
secretary within four weeks of return from the expedition. Please expand/contract the spaces in this form as
required. Include or attach at least one good digital photo from your scientific work in progress and, if relevant,
photos of any interesting findings.

1 - Name of Expedition: An erosion rate for Everest

2 - Expedition Leader/Organiser: Prof. Ann Rowan
Address: Department of Earth Science, University of Bergen, Norway

Preferred e-mail address: ann.rowan@uib.no
3 - MEF reference: 25-03
4 - Country/Region: Khumbu Valley, Nepal

5 - Names of all members who took part in this expedition. Please include explanations if the team varied
from the originally-stated plan

The original team members who took part in this expedition are: Ann Rowan, George Young, Katie
Miles, Duncan Quincey, Bryn Hubbard. Additional team members are: Tom Matthews, Matt Peacey,
Sunil Oulkar, Lee Brown, Claudia Alvarao.

6. List here each of the main scientific objectives from your original proposal, and provide brief notes on the
extent to which you were able to make observations or collect sufficient data in order to have a fair

chance of addressing them. Only a sentence or brief paragraph is required per objective: please save the
details for the final report. We understand that it may take time to analyse and interpret the results fully and
are simply seeking a summary of how well things went, what is likely to work, and what might have failed.

The Himalaya are a tectonically active, glacierised mountain range where landscape evolution is
strongly influenced by Quaternary climate change. Over the last 10 years, my group has worked at
Khumbu Glacier in the Everest region of Nepal to investigate controls on Late Quaternary glacier
evolution. Despite our now advanced level of knowledge of glacier dynamics and palaeoglaciation,
elevation-dependent erosion rates remain an important unknown. The aim of this project is to collect
rock samples from the headwalls of Khumbu Glacier up to 6,800 m above sea level, with which to
determine current and palaeo-erosion rates using Be-10 and luminescence rock surface exposure age
dating. The original plan for this project was to collect samples from the Western Cwm and up to
advanced base camp on Pumori in the upper part of the Khumbu Valley. However, due to various
logistical challenges resulting from poor weather that delayed the delivery of our equipment to Everest



Base Camp and illness affecting several members of the team, sampling at both locations was not
possible for this project. Instead rock samples for this project were collected in the Pyramid Valley,
which is a tributary of the main Khumbu Valley slightly to the south of Pumori. The sampled sites are
similar in terms of aspect and lithology to those planned, but somewhat lower in elevation, ranging from
about 5000-5300 m above sea level. However, we expect that these samples will still allow us to meet the
main aim of this project and measure Holocene headwall erosion across a range of elevations and time
scales.

7 - Overall dates of the expedition from leaving home country to return:
07/04/2025 to 02/05/2025

9 - Comment on any other relevant aspects related to travel to the area, logistics, permits, and any planned or
opportunistic collaborations that happened during the fieldwork.

The other projects that this work is associated with were all completed successfully despite some
challenges with weather conditions and illness that delayed the fieldwork. Permission to collect rock
samples was granted by Sagarmatha National Park prior to fieldwork, and permission to export
samples from Nepal was granted by the Nepal Ministry for Geology and Mines and the samples have
now arrived safely and are ready for processing.

10 - Expected date of submission of Final Report. We expect the Final Report to be delivered within three
months from the date of the expedition’s return. If you feel unable to comply with this, please give reasons:
The final report will be submitted by 02/08/2025.



An Erosion Rate for Everest: Final Report for MEF

Aims and objectives of the work, briefly setting these in the wider context of relevant knowledge of the
subject.

Studies of Quaternary denudation rates in the Central Himalaya using Be-10 surface exposure dating to
represent rockwall erosion over centennial to millennial timescales generally show a positive relationships
between denudation and elevation (e.g., Olen et al., 2015). However, the available data are few and give
conflicting results; Last Glacial to late Holocene bedrock erosion in the Everest region was estimated as 3.9
mm a ' (Barnard et al., 2006); much higher than the catchment-wide rates derived from sediment accumulation
(e.g., Hornsey et al., 2022). The location and intensity of headwall erosion is known to vary with air
temperature, and so climate, in the Everest region (Scherler, 2014). However, no study to date has attempted
to measure how headwall erosion has varied with elevation and over time scales representative of individual
glaciations. In our glacier evolution modelling studies (Rowan et al., 2015; 2021) we have therefore assumed
a spatially uniform and constant erosion rate of 1 mm a~' which may represent a reasonable Holocene average
(Hornsey et al., 2022) but does not capture realistic spatial or temporal variability in erosion rates due to climate
change.

This project will measure, for the first time, rates of headwall erosion in the Everest region since the Last
Glacial Maximum. This will be achieved by combining conventional Be-10 cosmogenic nuclide exposure-age
dating with recently developed luminescence rock surface exposure-age dating using the same samples. The
use of luminescence offers the advantage of much finer temporal resolution than Be-10, and has been shown
to be valuable for calculating rates of postglacial erosion rates and deglaciation for Mer de Glace in the French
Alps (Lehmann et al., 2020). By taking rock samples along vertical transects of headwalls, the relationship
between elevation and erosion can be determined. Moreover, the luminescence measurements will also
indicate how erosion has varied over time for each sample by measuring the signal propagation with depth

below the rock surface (Fig. 1). Such an approach has not
yet been tested in the Himalaya, and this project is
therefore a novel and ambitious pilot aiming to address a
major outstanding research question. I have tested this
method for the headwalls of Mer de Glace, France, in
collaboration with Prof. Georgina King at the University
of Lausanne (UNIL), Switzerland. A similar set of
samples were collected in April 2025 along a transect of
the headwalls of Khumbu Glacier for erosion rate
determination using Be-10 and luminescence. Prof. King

will supervise the laboratory work for the luminescence | Figure 1. Schematic showing production of the
measurements at UNIL, which will be undertaken by | light-sensitive luminescence signal (OSL) in the
Stine Pymo, a Master student from my group at Bergen. | headwalls surrounding a glacier as the ice mass
Be-10 sample preparation will be undertaken in the | shrinks, that can be used to determine the
CosmoLab at Bergen and sample measurements will be | exposure and erosion history of the headwall.

made at SUERC in East Kilbride, UK.

Summarise how well things went, what worked, and what failed. Explain the extent to which you were
able to make useful observations or collect sufficient data to address the aims.

Bedrock samples were collected to measure rates of headwall erosion in the Everest region since the Last
Glacial Maximum in April 2025. We collected paired bedrock samples from four sites on the headwalls (Fig.
2) from the Pyramid Glacier catchment to the north of Lobuche Glacier for measurements of erosion rate.
One calibration sample was collected from a moraine boulder that had been sampled in 2018 for Be-10
exposure age dating where the previously cut surface was thus of known age. Sample were collected by hand
using a hammer and chisel from bedrock surfaces both within the known extent of Holocene glaciation and
outside the extent of the Last Glacial Maximum glacier between elevations of 4997 m and 5313 m above sea
level. Laboratory work to prepare samples for Be-10 measurements will be carried out at SUERC in the UK
in April 2026, and luminescence sample preparation and measurements will be carried out at the University
of Lausanne in Switzerland in July 2026.



A map of the area visited, showing your travel route and location of the main sites of sampling,
measurements, or observations. We suggest also including a table listing the geographic coordinates of
these field sites, with an indication of the quantity and types of data recorded per site.

Travel to the field site followed the Everest Base Camp trekking route from Lukla to Luboche via Namche
and Dingboche. The fieldwork was undertaken from a base at the EV-K2-CNR Pyramid Observatory
(https://www.evk2cnr.org/en/pyramid-observatory-laboratory) and the sample locations are visible from this
location (Fig. 2; Table 1).

Table 1: Sample locations and topographic information for each of the paired Be-10 and luminescence
samples collected for this project. Two rock samples were collected from the same location at each site, with
the exception of the calibration sample E4E25 CAL which was previously sampled and measured in 2018.

General

sanpotp | (2l | ioronse | Boten | s | o | ot | She
(cm) sampled | degrees)

location
E4E25_01 27.958510 | 86.811220 | 4997 +3 3 SE 048/52 0.824385
E4E25_02 27.960617 | 86.812254 | 5313 +5 3 SE 038/30 0.877415
E4E25_03 27.964519 | 86.810300 | 5068 +7 3 ESE 036/50 0.655630
E4E25_04 27.959989 | 86.812360 | 5083 +22 | 3 SE 050/32 0.820422
Luminescence calibration sample collected from boulder LB11 (Hornsey et al. 2022) - not provided to SUERC
E4E25_CAL | 27.954607 | 86.814633 | 49863 | 2.00
Last sampled 29/04/2018 for Be-10 by Jo Hornsey and Ann Rowan

‘An Erosion Rate for Everest’ from the Pyramid Glacier catchment
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Figure 2. Location of the sampled sites seen from the eastern side of the Pyramid Valley, a tributary of the
Khumbu Glacier Valley to the west of Lobuche Village. Note that the Pyramid Observatory is visible in the
centre of the main image.

Provide a summary of the findings and conclusions with sufficient level of information (data, graphs,
tables, photos, correlation with other research, etc,) to support the conclusions made. If this has been



reported already or published elsewhere, feel free to repeat or refer to it here, providing bibliographic

information and an electronic copy with this report.

The analysis of the samples will be carried out in summer 2026 and as such results are not yet available. The
results will be shared as soon as possible through presentations at scientific meetings and formal publication,
with acknowledgment to the MEF for their support. We hope that the manuscript presenting these results will
be ready for submission and available as a preprint in spring 2027.

Field photographs of the phenomena investigated, including any interesting observations or samples
that might be of interest.
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Calibration boulder LB11 prior to sampling, located | View into Pyramid Valley from Site 4 looking east
on the crest of the Lobuche 3 lateral-terminal towards Khumbu Glacier and Ama Dablam,
moraine dated by Hornsey et al. (2022). Last showing hummocky moraine in the forefield of the
Glacial moraine of Khumbu Glacier in the Pyramid Lake, and Holocene lateral moraines
background to the right, with the summit of Pumori | surrounding the lake, inside the larger Late Glacial
visible behind this moraine. moraines.

B % pis 3 Bt

E

Vie of the Pyramid Observatory from Site 2,

View of upper Pyramid Valley looking towards the

headwall of this catchment, showing Holocene showing Last Glacial lateral moraines of Khumbu

lateral and hummocky moraines, and late Holocene | Glacier to the left, and Holocene lateral moraines of

terminal moraines above the bedrock step (Site 3). | Lobuche Glacier to right of the Pyramid
Observatory.

Figure 3. Photographs of the Pyramid and Lobuche Valleys from April-May 2025, showing the geometry
and position of headwalls and moraines within the valleys.

Photographs of glaciers for comparison with past and future pictures.
See photo of Khumbu Glacier in Fig. 3, and Lobuche and Pyramid Glaciers in Fig. 2.



Observations on the accuracy, or otherwise, of Google Earth images.
These appear to be accurate.

If further research is to follow, and has not yet been completed, provide a timeline and plan of when it
is likely to be completed, and specify who is responsible for this.

Laboratory work will be carried out at SUERC in the UK and the University of Lausanne in Switzerland in
2026. Four samples for Be-10 measurements were delivered to SUERC in July 2025. After the samples have
been sterilised in line with UK biosecurity requirements, laboratory work to prepare the samples will be carried
out by George Young (UiB PhD student). Five samples (four identical to the Be-10 samples and one calibration
sample) will be prepared and measured at the University of Lausanne luminescence laboratory in Switzerland
in July 2026 by Stine @ymo (UiB Masters student). We expect that the analysis of these data will then be
completed in late 2026 to form part of Stine’s Masters dissertation, and the manuscript presenting the results
of this project will be ready for submission in early 2027. The preparation and measurement of these samples
and data analysis will be supervised by Ann Rowan, Derek Fabel (SUERC) and Georgina King (UNIL)
resulting in a joint publication of the results including all researchers and students involved in the field and
laboratory work.

If publications are still pending, tell us of your plan for publications (i.e. which journals and when),
and provide copies when they become available.

The results from this expedition will form a manuscript for submission to an international journal such as
Geology led by Ann Rowan and with co-authorship from all of the project participants. We will also
communicate our results with a more general audience through publications such as The Conversation and
participation in science festivals and engagement with local schools. The results from this work will be shared
at conferences such as the European Geoscience Union General Assembly and the British Society for
Geomorphology Annual Meeting where the findings will be discussed with the wider scientific community.

Notes on access or other issues of interest to future visitors.

Access is straightforward; on foot the Pyramid Observatory is 30 minutes walk from Lobuche Village on the
Everest Base Camp trekking route, and has a helipad that is in use by local pilots. Lodge accommodation in
the Pyramid Observatory is possible.

Details of any injury or illness to expedition members and/or porters.
None.

Details of waste disposal.

The environmental impact of our expedition was minimised in accordance with the regulations for visits to
Sagarmatha National Park. Our local staff managed all waste and either carried out and recycled or burned as
permitted. We worked with Sagarmatha Pollution Control Committee who are responsible for removing waste
from the mountain and followed their guidelines to minimise our environmental impact.

A calculation of the carbon footprint of the expedition compared with your original estimates in the
application. Please provide a summary of any carbon offsetting or carbon reduction measures you
undertook.

The estimated carbon footprint of this expedition was 7.1 tonnes of CO2e, of which our international flights
account for 86% of this amount. Costing this at £12.50 per tonne gives a total of £88.75 on Climate Impact
Partners (Climate Impact mixed portfolio). After the local flight to Lukla, all access was on foot, with
equipment delivered to Everest Base Camp by helicopter combined with equipment from our collaborators’
projects to minimise helicopter use. Rock samples were transported from the Khumbu Valley to Jiri on foot
by porters and then on road to Kathmandu before using air freight from Nepal.

How you addressed any cultural impact during the expedition.

The expedition was part of the larger NERC-funded research project Losing Their Cool, which is organised in
collaboration with researchers from universities in Nepal and Kathmandu-based logistics company Himalayan
Research Expeditions. All activities in the Khumbu Valley and export of rock samples were carried out with
permission from the Sagarmatha National Park and the Nepal Ministry for Geology and Mining.



A summary of expedition accounts, travel, accommodation etc, itemising wages of porters or mule
men with notes on any unexpected costs or major changes that effected your original budget as set out
in the application.

Major costs for the expedition were funded by the NERC project Losing Their Cool was about GBP 115,000
in total and is not itemised here. The approximate cost from Kathmandu for one person for in-country travel,
permits, accommodation and subsistence was GBP 5,500, shipping of rock samples from Nepal to the UK was
GBP 3,800. Costs were well managed and no unexpected changes occurred. Wages for local staff employed
in Nepal by the expedition when at or below Everest Base Camp are in the table below. Insurance for local
staff was provided by Himalayan Research Expeditions.

Staff Salary/person/day up to base camp usD
Guide S50
Sherpa S40
Cook S35
Kitchen Helper S30
Porter $25
Food for staff/day $S20




