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deeper, darker, colder — exploring the south sandwich trench

The South Georgia and the South 
Sandwich Islands Marine Protected 
Area (MPA) is one of the largest MPAs 
on Earth covering >1 million km2 
and includes the South Sandwich 
Trench (Figure 1). Predicting trench 
habitats and their fauna cannot be 
extrapolated from shallower systems 
as they exhibit abrupt changes in 
ecology and geology, making MPA 
management at depths >6000 m at 
best difficult. The MPA is designed 
to ensure the protection and 
conservation of the region’s rich and 
diverse marine 
life, whilst allowing 
sustainable and 
carefully regulated 
fisheries. Key 
outcomes of a 
2017 review of the 
MPA included: a 
need to enhance 
bathymetric 
knowledge; 
recognition that 
there is a lack of 
data on the deep-
water/midnight 
zone ecosystem; 

Deeper, Darker, Colder — Exploring the South 
Sandwich Trench

By Heather Stewart, British Geological Survey

Figure 1 Overview map of the 
South Georgia and South Sandwich 
Islands (SGSSI) Marine Protected 
Area. The white line represents the 
-6000 m bathymetric contour. ESR 
= East Scotia Ridge; MB = Montagu 
Bank; PS = Protector Shoal; SAAR 
= South America-Antarctic Ridge; 
SSFZ = South Sandwich Fracture 
Zone; SSIs – South Sandwich Island 
chain; TB = Tyrell Bank. Regional 
bathymetry from Global Multi-
Resolution Topography Synthesis 
(Ryan et al. 2009).
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that more information is needed on 
assemblages, biodiversity, ecosystem 
processes and function; and general 
information on how to record long-
term change to factors such as 
climate change. 

In February 2019 the Five Deeps 
Expedition travelled to the South 
Sandwich Trench acquiring data using 
scientific landers, high-definition 
seafloor video, and collecting 
15,052 km2 of multibeam bathymetry 
data. The Hadal Zones of our 
Overseas Territories project funded 
though The Darwin Initiative, will 
improve understanding of marine 
biodiversity and geodiversity to fill 
the current knowledge gap in the 
ultra-deep-sea area of the South 
Sandwich Trench. 

Historical perspective
The South Sandwich Trench was 
discovered in 1926 during the German 
Atlantic Expedition of 1925-27 to the 
South Atlantic. Utilising early sonar 
technology, cutting edge for the time, 
the German vessel RV Meteor was 
the world’s first to make use of this 
technology for scientific applications 
(Summerhayes and Lüdecke 2013). 
Although the South Sandwich Islands 
had been discovered by Captains 
Cook and von Bellingshausen, in 
1777 and 1819 respectively, the 
presence of a ‘foredeep’ similar to that 
which was known to occur at other 

volcanic island arcs was a prediction 
only confirmed in 1926 (Cook 
1777; Debenham 1945; Heezen 
and Johnson 1965). Echo-soundings 
acquired by the RV Meteor, which 
only crossed the northern end of the 
South Sandwich Trench, nevertheless 
sounded Meteor Depth to be 8264 m 
(4357 fathoms) (Maurer and Stocks 
1933), and it was postulated at the 
time that the trench must parallel the 
length of the South Sandwich Island 
Arc. 

A number of expeditions during 
subsequent decades allowed the 
trench to be traced to nearly 61°S/27° 
W (Herdman 1948), with further 
exploration of the trench occurring 
after World War II. Heezen and 
Johnson (1965) published the first 
detailed bathymetric map of the South 
Sandwich Trench which incorporated 
all other available soundings prior to 
their expedition aboard the USNS 
Eltanin in 1963. That study revealed the 
arcuate trench extends for more than 
600 miles, parallel to the island arc, 
confirmed that the 1926 maximum 
depth of 8264 m was located in a >50 
mile-wide northern east-west trending 
portion of the trench named Meteor 
Depth, and that the trench narrows 
and shallows southward. Furthermore, 
they observed that the walls of the 
trench comprised little sediment cover 
compared to the abyssal plain to the 
east, and there were indications of 



3

deeper, darker, colder — exploring the south sandwich trench

Figure 2 (A) Map of the South Sandwich Trench. Types of source data 
comprising direct measurements (no interpolated data sources included), 
illustrating the lack of detailed information on the bathymetry of the South 
Sandwich Trench (GEBCO Compilation Group (2020) GEBCO 2020 Grid 
(doi:10.5285/a29c5465-b138-234d-e053-6c86abc040b9)). (B) Multibeam 
echosounder data acquired as part of the Five Deeps Expedition (Caladan 
Oceanic LLC, 2021). For regional bathymetry legend see Figure 1.
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sediment remobilisation, outcrops of 
rock and softer sediments present in 
smooth basins. 

Gaps in our maps
Even taking into account these and 
other early pioneering expeditions, 
much of the world’s ocean, in 
particular the deep-sea and polar 
regions are profoundly inaccessible and 
improving our understanding is largely 
at the mercy of available technology. 
The great depths, remoteness and 
immense size also renders exploration 
and the mapping of undersea features 
a laborious process and as such only a 
small fraction has been bathymetrically 
mapped (Mayer et al. 2018). Today, our 
best global maps of the oceans have a 
resolution of 30 arc-second grid cells 
(926 m at the equator), approximately 
82% of the grid cells do not include a 
single depth measurement (Weatherall 
et al. 2015), and the percentage of 
the seafloor that has been directly 
measured by echo-sounders is likely to 
be less than 18% (Mayer et al. 2018).

Prior to the Five Deeps Expedition, 
the best available bathymetric data 
over the South Sandwich Trench 
(Figure 2a) was primarily derived 
from low-resolution satellite altimetry 
data (Stewart and Jamieson 2019). 
Satellite altimetry is a process that 
uses gravity-based differences in sea 
surface heights to deduce information 
on seafloor topography; small-scale 

features cannot be identified, and 
horizontal and vertical accuracies 
can be upwards of 15 km and 500 m 
respectively (Smith and Sandwell 
1997). Despite the errors inherent 
in this process, a general idea is 
preferential to nothing. 

Of the 15,052 km2 area surveyed by 
the Five Deeps Expedition using an 
EM 124 full-ocean depth multibeam 
echosounder, 15,045 km2 were new 
coverage (Bongiovanni et al. 2021; 
Figure 2b).

A sub-zero hadal environment 
revealed
The South Sandwich Trench extends 
from a latitude of around 54° 40’ S 
to 60° 40’ S, technically spanning 
the 60˚S boundary between 
the Southern and South Atlantic 
oceans as defined by the IHO and 
The Antarctic Treaty System. This 
large arcuate subduction trench 
is formed by the subduction of 
the southernmost section of the 
South American Plate beneath the 
Sandwich Plate at a rate of 65-78 
mm per year (Smalley et al. 2007). 
The trench is 965 km long and attains 
a maximum published depth of 8265 
± 13 m (55° 13.8’ S/26° 10.38’ W) 
at Meteor Depth and uniquely is the 
only sub-zero hadal environment 
on Earth with a recorded bottom 
temperature of between -0.34°C at 
3500 m and 0.01°C at 7442 m depth 
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parallel, with vertical offsets of around 
200 m coupled with detachment 
blocks (Figure 3a and c). These 
represent bend-related faulting of the 
subducting plate. Further south, fault 
escarpments are also present but are 
oblique to the trench axis with some 
vertical offsets up to around 500 m. 
South of 58° S, a number of partitions 

with average water temperatures of 
-0.09°C in waters >6000 m.

The hitherto completely unknown 
seafloor morphology of the South 
Sandwich Trench (Figure 2b and 
cover image) reveals the area in 
the vicinity of Meteor Deep to host 
fault escarpments, broadly trench 

Figure 3 (A) and (C) Detailed multibeam bathymetry maps of Meteor Deep 
and Factorian Deep respectively. Bathymetric contours are at 500 m intervals 
(between 8000 m and 6000 m water depth over Meteor Deep; between 7000 m 
and 4500 m water depth over Factorian Deep). (B) and (D) Geomorphological 
interpretation of multibeam echosounder data (note a comparable 
interpretation has been undertaken with the regional dataset but is not 
included here). See Figure 2B for location.
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which reach water depths <6000 m 
represent fracture zones (e.g. The 
South Sandwich Fracture Zone and 
the Bullard Fracture Zone) formed 
perpendicular to the South America-
Antarctic Ridge (Figure 1) entering 
the trench axis. The interaction of 
these fracture zones with the South 
Sandwich Trench create a number 
of confined basins in the southern 
part of the trench of which the 
Factorian Deep (Figure 3b and d) is 
the deepest (7434 ± 3 m; 60° 28.74’ 
S/25° 32.52’ W) (Bongiovanni et al. 
2021). Submarine landslide scars, the 
remnants of mass transport deposits, 
and slumps have also been mapped.

By comparing geological and 
geomorphological interpretations 
generated using both the available 
regional dataset (Figure 1) and 
the higher-resolution Five Deeps 
Expedition dataset (Figure 2b), 
although both interpretations mapped 
comparable areas of sloping seafloor 
(slope angles between 3°–30°), no 
escarpments exceeding 30° were 
discernible using the broad scale 
data, whereas using the Five Deeps 
data escarpments were found to 
occupy 189 km2 comprising 649 
individual features. Furthermore 103 
ridge complexes and seamounts 
have been resolved compared with 
only 2 previously identified from the 
trench area. Additionally, areas of 
sedimentary planes or basins were 

overestimated using the regional 
dataset, the geomorphology of the 
trench is instead exceedingly complex.

Images of the seafloor (Heezen and 
Johnson 1965; Howe et al. 2004; 
this study) reveal rocky outcrops 
of volcanic deposits, peridotites 
from the South Sandwich Plate, 
turbidite deposits and pelagites 
(e.g. Figure 4). Not only do studies 
of the seafloor substrate reveal 
insights into the geological evolution, 
including indication of downslope 
remobilisation of sediments, through 
gravity or seismic triggering, they 
also reveal the biodiversity of this 
environment. At depths exceeding 
6000 m amphipods dominate the 
observed mobile fauna (e.g. Figure 
4); brittlestars and gastropods were 
observed to a maximum depth 
of 7000 m, dense populations of 
holothurians (Elpidia sp.) were 
observed at the deepest sites 
sampled, including Meteor Deep, 
and the first observation of hadal fish 
was documented (e.g. Figure 4).

Legacy
The Hadal Zones of our Overseas 
Territories project has, for the 
first time, revealed the seafloor 
geomorphology, heterogeneity and 
geohazards of the South Sandwich 
Trench in detail, additionally our 
research has discovered new 
species of endemic fish from water 
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understanding into past and current 
processes, but by making these data 
available to other disciplines, studies 
into tectonics, ocean mixing, deep-
ocean currents, ecology and climatic 
processes can also be pursued. 

depths >6000 m and insight into 
connectivity between different 
hadal populations. Acquiring high-
resolution bathymetry data not 
only allows researchers to examine 
the geological formation, and gain 

Figure 4 (Top) Two new species of snailfish (Familay: Liparidae) from 
6000 m water depth. These images represent the first findings of hadal fish 
in Antarctica (Southern Ocean). (Bottom Left) Specimen of Bathycallisoma 
schellenbergi (Family Scopelocheiridae) from 7400 m water depth. This 
species is endemic to hadal depths, although is seemingly present in nearly 
all hadal trenches, making the genetic connectivity between populations 
a pertinent question. (Bottom Right) Specimen of Eurythenes sp. (Family 
Eurytheneidae) from 7099 m water depth. This is characteristically an 
abyssal family with a complex and cryptic taxonomy at species level. 
They occasionally inhabit the upper depths of hadal trenches, for reasons yet to 
be resolved. All images and physical specimens were acquired in the southern 
sector of the South Sandwich Trench during this study.
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Furthermore, these data contribute 
valuable knowledge of the hitherto 
poorly sampled South Sandwich 
hadal zone (>6000 m water depth). 
These data and interpretations will 
not only help in future management 
of the existing MPA, but will also help 
guide future sampled expeditions to 
this hitherto poorly explored region.

The lasting legacy of global, blue skies, 
exploratory expeditions undertaken by 
various governments and entrepreneurs 
is that large areas of previously 
unmapped seafloor will be ‘coloured 
in’ and these data made available for 
multidisciplinary research through 
platforms such as the ambitious Seabed 
2030 initiative (seabed2030.org). The 
United Nations Decade of Ocean 
Science for Sustainable Development 
began on the 1st January 2021. Our 
seas and oceans remain a key part of 
life, supporting wellbeing, livelihoods, 
tourism, trade, provision of raw 
materials, and regulation of global 
climate. In summary, our relationship 
with our maritime environment 
underpins life on earth. Today, more 
than ever, exploration of the unknown 
is as inspiring as it was centuries 
ago such as when Sir John Murray 
published the results of the HMS 
Challenger Expedition to great acclaim. 
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Big Geoscience for the future

By John Ludden

This article is a summary of a lecture 
given to Heriot-Watt University in 
October 2020. It reflects my personal 
views on some trends in geoscience 
based on my experience in the 
university, government, and research 
centre sectors in five countries. My 
title reflects my role in pushing big 
geoscience projects and I believe that 
we need to further our ambitions in 
order to be competitive with other 
disciplines. Here are five reasons for 
which I believe we study geology:

• Understanding the dynamic 
Earth: investigating the internal 
motor of the planet that has built 
the continents and created the 
habitat for life

• Creating a safe and healthy 
planet: minimising the impact of 
unavoidable natural hazards and 
building a cleaner, sustainable 
environment

• Living sustainably on planet 
Earth: providing the foundation 
for the exploration and 
responsible use of global natural 
resources now and in the future

• Driving sustainable growth: 
finding the resources that build 
economic prosperity, support 

industry and promote innovative 
technologies

• Reducing global inequalities; 
supporting science education and 
industry in developing nations

All of these require fundamental 
research and translation into 
solutions for society — all feed into 
the Sustainable Development Goals, 
and most require a concerted effort 
in investment in infrastructure. Many 
people, including geoscientists, all too 
often view us as looking backwards 
into the early Earth. Although this 
is exciting (and should be funded), 
this sort of geology does little to 
address the questions that are being 
asked at present, which include, 
amongst others the diversification of 
energy supplies, reducing emissions, 
understanding geological risk rather 
than hazard; global population 
change and the resource needs of the 
future, and open, easily accessible 
and useful data.

Big-Geoscience from satellites
We are already doing some big-
geoscience experiments from 
satellites, using data from ESA’s 
GOCE and NASA’s GRACE satellites 
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which repeatedly mapped Earth’s 
gravity with unrivalled precision. 
The gravity field determined by 
the GRACE satellite provided us 
with a fundamentally new vision 
for the shape of the Earth and the 
gravitational pull — this global picture 
defines the geoid variation which is 
200 m lower in southern India than 
in the southern Indian ocean and 
reflects the internal workings of Earth 
(Figure 1). 

The Swarm mission consists of three 
satellites that work in unison to 
measure the Earth’s magnetic field; 
measurements of this magnetic field 
are almost 10 times more accurate 
than previous measurements taken 
by lone satellites. Understanding how 

the magnetic field changes minute 
by minute and on longer time scales 
can be used to predict the effects of 
the sun-spot cycle (space weather) 
on our infrastructure networks. BGS 
and Edinburgh University make 
Edinburgh one of the leading centres 
for research in this field.

Applications of satellite data are 
increasing, including natural hazard 
monitoring, bathymetry, and global 
groundwater flux. The convergence 
between space-based and land-based 
observations is providing unparalleled 
data that could reveal Earth system 
processes in an unprecedented 
manner: processes such as plate 
tectonics, atmospheric to surface to 
ground- water and cryosphere fluxes, 
crustal motion, coastal erosion, 
and sea-level rise, etc. There is an 
urgent need to modernise and invest 
in solid-Earth science research to 
capitalize on these data.

Big science from ships
Drilling the ocean floor via what 
is currently the Integrated Ocean 
Discovery Program (IODP: https:// 
iodp.tamu.edu) is about as 
adventurous as we get in the Earth 
sciences. IODP and similar drilling 
programmes have produced some 
excellent discovery science, but 
limited applied science; although 
industry has made some use of the 
geological models to refine their 

Figure 1 A satellite data derived 
model of the geoid. a visualization 
of the Earth’s gravity field model 
produced by the German Research 
Center for Geophysics’ (GFZ) 
Helmholtz’s Center in Potsdam, 
Germany.
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exploration strategies (e.g. volcanic 
massive sulphide deposits: Barrie & 
Hannington 1999). 

There is no doubt that the IODP 
has led to discoveries of Mesozoic 
climate change (e.g., Zachos et al., 
2008) and has changed the way we 
think about ocean dynamics through 
plate movements, the availability of 
oxygen for life, and orbital cycles of 
Earth and climate dynamics. 

Arguably the IODP community has 
only rarely come together for big-
geoscience initiatives. One was led 
by the European Consortium for 
Ocean Research Drilling (ECORD) 
and involved drilling into the 
sedimentary sequence on top of 

the Lomonosov ridge in the Arctic 
(ACEX expedition https://www.
ecord.org/expedition302/). The 
second big geoscience project from 
IODP is Nantroseize (https://www.
jamstec.go.jp/chikyu/e/nantroseize/), 
operated by the Japanese arm 
of IODP (JAMSTEC), and aimed 
at penetrating the subduction 
decollement inboard from the 
Japanese trench — understanding, 
instrumenting and monitoring of 
this subduction zone and the ability 
to predict or at least fore-warn of a 
big earthquake or tsunami event is a 
‘ground-breaking’ adventure.

Big crustal-scale studies
In the 1990s LITHOPROBE https://
lithoprobe.eos.ubc.ca/ was the 

Figure 2 A seismic image across a tectonic boundary in the Abitibi Greenstone 
Belt, Canada (Calvert et al., 1995). This sort of pioneering work in the 1990’s 
has led to a recent rebirth of deep crustal, upper mantle imaging (see Figure 3).
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pioneer of large scale full scale 
seismic crustal imaging of the Earth 
and completed a full crustal section 
in Canada with relatively high 
resolution through the entire crust 
and actually below to the roots of 
the cratons; for example in Calvert 
et al., where we imaged a fossil 
subduction zone formed at ~2.7 Ga 
and supporting arguments for plate 
tectonics and driving exploration 
strategies in imaging the roots of 
mining, such as in the Abitibi belt of 
Ontario and Quebec (Figure 2).

One could argue that the era of 
full-scale crustal studies (geophysics, 
geology and geochemistry) peaked in 
the 1990’s. However, recent full-scale 
studies of the seismic and electrical 
signatures of the Australian craton (e.g., 
Heinson et al., 2018) quite clearly 
show geophysical signatures along 
the edges of the cratons that correlate 
with major mining camps, such as 
that of Olympic Dam (Figure 3). Such 
an image, and intense investment 
of geophysical and geological effort, 
begs the question — “What about 
Africa” — where demand-side 
investment is not available to ensure 
such a study and potentially open 
up new areas of Africa for mineral 
development.

Shallow crust and energy systems 
geology is and will be fundamental 
in the energy transition and in 

the process of decarbonisation 
(Ludden,2020 and Stephenson et al., 
2019). New technologies, including 
visualisation, sensors, and big-data 
modelling will allow geologists to 
monitor and model the underground 
to a resolution comparable to that in 
which we monitor buildings and the 
atmospheric systems.  

Many of the low-carbon solutions 
are geological and they require 
us to work across the science and 
engineering and socio-economic 
spheres, including communication 
and building the confidence of 
the public. Among these are 
geothermal energy, radioactive waste 
containment/disposal, shale gas 
extraction, compressed air energy 
storage (CAES), carbon capture and 
storage (CCS), and hydrogen storage.

Our ability to explain why we are 
intervening in the subsurface either 
to extract or to store resources 
will remain a major concern for 
the public. We need to increase 
the understanding of societal 
choices, and this, most importantly, 
requires dialogue and collaboration 
with social scientists. How we 
communicate, that we are working 
with environmentally unacceptable 
industries, but that they are providing 
essential resources remains a 
problem. 



13

big geoscience for the future

We will be required to train students 
and be prepared as professional 
geologists to deal with tougher 
environmental regulations and 
greater public scrutiny, and for this 
we will need better links with socio-
economic research.

Big geoscience ideas for the future
Geologists were largely responsible 
for finding coal, oil, and gas 
over the past two centuries, and 
thus influenced our planet’s 
carbon budget. Although industry 
and humanity has certainly 

Figure 3 Geophysical images from the Gawler Craton Australia (from Heinson 
et al., 2018) showing zones interpreted to be a result of crustal scale fluid 
transport along craton boundaries and probably localising major mineral 
systems (e.g., Olympic Dam).
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benefitted from this, it is now 
our responsibility as geoscientists 
to be active in the use of the 
subsurface to achieve the required 
energy transition and reduction of 
greenhouse gases.

Cyber infrastructure 
We must develop a cyber 
infrastructure built to meet the 
current and future needs of Earth and 
environmental scientists, including 
high-resolution environmental 
modelling from newly acquired 
observation platforms and networks. 
This must integrate the solid Earth, 
atmosphere, hydrosphere, cryo- 
sphere, biosphere and human activity. 
It needs to work with climate/weather, 
plate tectonics/geohazards, ocean 
circulation/tsunamis, erosion/land- 
slides, vegetation/seasons, biosystem 
cycles, and bio- and geodiversity. 
Projects such as the European Plate 
Observing System (EPOS: https://
epos-ip.org) and Earthcube (https://
earthcube.org) are providing the 
infrastructure required but have yet 
to link across the whole Earth system. 
A group of European institutes are 
now proposing linking solid Earth 
and climate system HPC models and 
edge computing at the interface of 
applications, both in research and 
technology (https://extremeearth.eu).

When it comes to achieving 
net-Zero C targets we need a 

behavioural change that works 
alongside technological innovation. 
Knowing that the latter will not 
come fast enough we must use our 
cyber systems to put information 
in the hands of consumers that is 
authoritative, intelligible and useable 
and is information that they trust. 

The moon and the planets 
Driven most probably by industry, 
we will explore and inhabit the 
Moon. This will require us to 
innovate on Earth with remote 
sensing, new quantum sensors and 
novel construction techniques (e.g. 
3D printing) to be translated to the 
Moon, and other planets. At the 
same time, we will require new 
sources of minerals, both on Earth 
and as we explore our planetary 
system. This will also lead to a surge 
in fundamental Earth sciences in 
domains such as lunar and planetary 
petrology; it is thus essential that the 
basic disciplines of Earth sciences be 
maintained in some key academic 
spheres.

Decarbonisation
Many of the solutions to 
decarbonising our energy systems 
require careful intervention in the 
shallow (tens to thousands of metres) 
subsurface. Can we seal faults using 
imaginative mineralogy, perhaps 
mediated through bio- geochemical 
engineering to ensure long-term 
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sealing and sequestration of carbon? 
We also need to undertake a fully 
researched hydrofracturing research 
programme that covers both the 
optimization of resource use and the 
assessment of environmental impacts, 
and which has full open-data release. 
In the UK, we do now have UK 
Geoenergy Observatories (UKGEOS: 
http://nerc.ac.uk/fund ing/available/
capital/ukgeos/), which is a significant 
investment (£31 million capital from 
the UK government funded through 
NERC, and £7.5 million from BGS 
to manage UKGEOS and a series of 
UKRI-funded research programmes), 
all taking our science in the direction 
proposed.

Near magma energy 
Can we drill into a magma body and 
control the magma–fluid system? 
Can this be done both in terms of 
geothermal energy and magma 
engineering to control the eruption of 
magma? The Krafla Magma Testbed 
(http://kmt.is) intends to attempt this 
challenge (Figure 4). This will not only 
allow an order of magnitude gain in 
energy production per drill hole but 
may also help to change the way that 
geoscientists monitor magmas by 
bringing the sensors to  the magma–
rock interface, thus providing tracking 
mechanisms for magma movement 
and possible magma control: for 
example, in the Naples region, where 
high-level magma volumes might be 

Krafla International Magma Testbed

T, P, Xi = f(t)Laboratory facilities and lodging

40 geothermal wells

Periodic sampling of 
magma via dedicated 
scientific borehole(s) 

Surface and borehole 
geophysics and 
geochemistry

Visitor center and 
teaching facility

Directly measure conditions in magma
Extract 10 X the power per geothermal well
Freeze (geo-engineer) the magma front

Figure 4 Drilling into a magma chamber 
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small enough to be manageable if 
retained at depth (Linde et al. 2017). 
Experiments with sensors in extreme 
conditions will also help to prepare 
for space missions, such as the Venus 
Entry Probe (https://sci.esa.int/web/trs/-
/35987-venus-entry-probe).

Conclusions
The geological sciences are at a 
tipping point where the traditional 
role of a geologist, that is to find 
resources, such as coal, water, 
limestone, oil and gas is evolving. 
New resources are required, and new 
energy systems will be invented, only 
some of which will require use of 
the subsurface. Due to “Not Under 
My back-yardism” the tendency will 
be to avoid subsurface solutions. 
Thus, one could argue that the role 
of a traditional geologist is declining 
and increasingly being replaced by 
generalists who also knows how 
to communicate in the social and 
economic sphere.

I argue here that geoscientists have 
undertaken some big projects in the 
past, sometimes not recognised as 
such, or perhaps not promoted as 
such by themselves. If our discipline 
is to flourish, we need to embrace 
some big geoscience projects that 
will set up a more resilient future for 
mankind. 

We need to be solving environmental 
problems rather than simply 
identifying them and we will be 
required to work with engineering 
and also with social scientists and 
with economists. Translation of 
discovery in geoscience into solutions 
should be encouraged through 
targeted funding of ambitious high-
risk and high-reward initiatives.
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search of the Transactions of the 
Edinburgh Geological Society 
revealed that he had been an active 
member. As a bonus, the donor 
put Beverly in touch with David 
Wilson’s granddaughter, and the 
history of the Wilson family was 
revealed.  They were descended 
from Mathew Wilson who had gone 
to Wanlockhead in 1691 and held 
a lease until 1710, predominantly 
working the Straitstep Vein. It is said 
that the Margaret Vein is named 
after his daughter Margaret, born in 
1704, and Wilson’s Vein may also be 
named after him (Figure 1).  

Mathew Wilson’s son George did 
not follow him into lead mining; 
he became a painter and plasterer 
and moved with his son Charles 
to Carlops where, in due course, 
Charles’ son William was born 
in 1808.  The family built three 
adjacent cottages in Carlops, which 
still exist, one of which has a garden 
grotto embellished with the Wilsons’ 
renowned decorative plasterwork.  
However, in 1839, with the painting 
and decorating business flourishing, 
they moved to Penicuik where 
William’s grandson, David Lawson, 

Readers may recall that in Edinburgh 
Geologist 67 there was an article 
concerning the British Geological 
Survey’s ‘Wilson Collection’ of 
material from the Wanlockhead 
and Leadhills mining fields. The 
authors, Graham Tulloch and Michael 
Togher, ended with an appeal for 
information on the eponymous, but 
hitherto anonymous, Wilson, and 
in next to no time the mystery was 
solved. Beverly Bergman realised that 
the confectioners’ glass tubes that 
held some of the mineral samples, 
and which were illustrated in the 
original article (Tulloch & Togher, 
2020, p.5) were matched by an 
item in a collection which had been 
donated to the Edinburgh Geological 
Society in 2013 by the daughter of 
a recently-deceased member. There 
were also maps and labels in that 
collection which bore the name of 
David L Wilson.

From the donor, Beverly discovered 
that the Wilson family had been 
well-known in Penicuik, as ‘Wilsons 
the Painters’; David L Wilson had 
been a close friend of the donor’s 
late father.  Having identified David 
Lawson Wilson (1881–1964), a 

The Wilson Collection unveiled

By Phil Stone, Beverly Bergman, Graham Tulloch and Michael Togher
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was born. David’s granddaughter has 
cherished memories of being shown 
the collection by her grandfather, 
who had a room in his house 
devoted to it. However, the earliest 
dates on the specimens predate his 
birth by almost 50 years, so it is likely 
that the collection was started by an 
earlier member of the family. 

The circumstances of the collection’s 
transfer from the Wilson family to the 
British Geological Survey (BGS) were 
clarified by the discovery amongst 

the specimens of a visiting card from 
David L Wilson annotated “To Dr 
Phemister with compliments”. Wilson 
had amended, by hand, his address 
to 22 Jackson Street, Penicuik (from 
John Street) so perhaps the donation 
of the collection was prompted by a 
house move. James Phemister (1893–
1986) joined the Geological Survey, 
in Scotland in 1921, but spent most 
of his career based in London. He 
returned to Edinburgh in 1953 and 
would have been 65 in 1958 so most 
probably in or near retirement by that 

Figure 1 The western (Wanlockhead) side of the Leadhills-Wanlockhead mining 
field, after Wilson (1921).
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date. Given these time constraints, 
the donation seems most likely to 
have taken place in the mid-1950s.

With the back story falling into place, 
it was time to look in more detail 
at the collection itself, and at just 
that moment Covid-19 struck and 
the BGS office, like much else, was 
closed. Luckily, Graham was able 
to get permission to take away the 
museum trays to allow ‘working from 
home’ and he and Phil Stone each 
catalogued about half the collection; 
Michael Togher then consolidated 
the essential specimen registration 
data. Just over 800 specimens were 
recorded and although, inevitably, 
some of the specimens had missing 
or damaged labels, about 600 
specimens retained some details of 
location, mineralogy and/or date of 
collection.  

The majority of the specimens 
originated from the Wanlockhead 
mineral veins and consist of grains 
and granules packed into a variety of 
containers: lengths of laboratory glass 
tubing (Figure 2), a few laboratory 
test-tubes, and the range of recycled 
glass bottles and confectioners’ 
tubes figured in Edinburgh Geologist 
67. They have the appearance of 
routine ‘run-of-mine’ samples, and 
exploration samples collected for 
analysis as part of mine development. 
Some specimens were also taken 

from the host rock, the crushing 
floors and the smelter flues. The 
oldest specimen is dated 1814, 
but this is an outlier and the main 
collection commenced in 1833 and 
continued until the end of regular 
mining at Wanlockhead in 1931 and 
Leadhills in 1929 (some intermittent 
and largely unsuccessful ventures 
continued until 1958). Thereafter, 
geological items and curiosities 
unrelated to the mines were added 
to the collection until 1938: these 
included examples of ore types from 
other Scottish localities and from 
foreign sources in France, Spain, 
Sweden, South Africa, Thailand and 
Mexico. Many different handwritings 
are evident on the specimen labels 
and it seems likely that as mining 
activity declined, what had started 
as a semi-official mine collection 
was preserved and expanded by the 
Wilson family. 

Of the Wanlockhead material, 
much came from the Glencrieff 
mine (Figure 1); some specimens 
are identified as such but the 
description of the mine by G V 
Wilson (1921) — he may have 
been distantly related to the 
Wanlockhead Wilsons — allows a 
confident association with Glencrieff 
for specimens labelled only as East 
Branch, West Branch, Back Drift, 
and 80, 120, 160 and 200 levels 
(or fathoms). Apart from the Old 
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and New Glencrieff veins, and the 
associated West Grove Vein, other 
Wanlockhead veins represented in 
the collection are Straitstep, Bay, 
Cove, Belting/Belton Grain and 
probably Shieling Burn, the latter 
described as unworked by Wilson 
(1921). There is far less material 
from the Leadhills side of the mining 
field. References to the ‘Leadhills 
Mine’ most probably relate to the 
Glengonnar Shaft, which worked 

the Brow and Hopeful veins, both 
of which are separately identified 
as the source of other specimens. 
Specimens located at Snar Water 
probably derived from Gordon’s 
Vein, the northern extension of Brow 
Vein (Figure 1).

Only a minority of the specimens 
have been mineralogically named, 
although others can be readily 
identified. Quartz and calcite, pyrites, 

Figure 2 Wilson Collection samples, mostly contained in random lengths of 
laboratory glass tubing, corked at each end; in the middle of the top row a test-
tube has been utilised. Note the artistic, striped creation at far right.
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galena, sphalerite (blende) and 
barytes are all well represented, with 
various references to less common 
minerals such as, inter alia, bornite, 
hemimorphite, cerussite, witherite, 
litharge, niccolite and calamine 
(smithsonite?). Some relatively 
rare minerals are also named – 
chrysocolla, lanarkite, leadhillite – 
but these identifications are perhaps 
best regarded as tentative. 

When looking through old, 
undocumented geological collections, 
surprising finds are to be expected. 
Nevertheless, Phil Stone was still 
taken aback to pick up one glass 
tube and read on the label “Cordite 
France 29 March 1916”. Discussion 
with Graham Tulloch confirmed 
that BGS did not want the cordite 
returned to them, and although 
only a small quantity was present 
the only legitimate way of getting 
rid of it involved an Army explosive 
ordnance disposal team. So, to the 
consternation of the neighbours, a 
large white truck emblazoned ‘Royal 
Logistics Corps Bomb Disposal’, 
complete with escorting police car, 
parked outside Phil’s house to collect 
the offending item. That certainly 
enlivened ‘working from home’. 
The rest of the Wilson Collection 
will hopefully soon be available 
as a research resource for aspects 
of Wanlockhead’s mining history 

that may not have been previously 
documented.
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From the lochs of Linnhe down 
through the Isles, 
Where the whiskies of Islay do flow, 
To Donegal’s peaks and croft- 
studded shore: 
¹My Dalradian of long ago!

You silver-green Leven Schists in the 
sun, 
Cleavages glistening to and fro, 
Along by the loch where the sea 
pinks bloom: 
My Dalradian of long ago!

‘Leven Schists glistening in the sun’ on the 
shore of Loch Linnhe. In the background 
are Lismore Island and the snow-capped 
peaks of Morvern

Quartzite of Appin, sweet sugary 
white, 
Thou I will taste till the juices flow, 

On heather-strewn heights of the 
Crohy Hills: 
My Dalradian of long ago!

Striped Tiger Rock, you Limestone of 
Appin, 
Sparking the rowan stream with  
your glow, 
The pure waters of a Highland 
summer: 
My Dalradian of long ago!

‘Striped Tiger Rock you Limestone of 
Appin’, Allt Coire Mulrooney, Glen Creran

You limestone of Lismore, polishing 
blue, 
Island of marble, sceptred and low, 
The sparkling jewel in Loch Linnhe’s 
crown: 
My Dalradian of long ago!

A Dalradian Romance

By Martin Litherland
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Landsat multispectral image of the Brazil-
Bolivia border region taken in 1980. 
Red represents dense forest; pale tones 
are grassy areas; black is water. Areas of 
deforestation can be seen on the Brazilian 
side which, forty years on, is now almost 
entirely denuded. In contrast, since 
our studies, the Bolivian side has been 
designated the Noel Kemff Mercado 
National Park and is protected. Courtesy 
of the Earth Satellite Corporation

‘Neath the shade of the lost plateau’: 
the evocative Lost World escarpment; 
Serranía Huanchaca, eastern Bolivia.

I missed you: I searched all over the 
world, 
In deserts and forests, high and low, 
Where no man’s been; for the love of 
my life: 
My Dalradian of long ago!

Blue-black Lismore Limestone faulted 
against pinkish Jura Quartzite and 
mobilised dolomite along the Benderloch 
Slide at Camas Nathais, Ardmucknish 
Peninsula

Silver schists glinting in filtering sun, 
White quartzite which streams do 
overflow 
In the steamy jungle of ²Amazon: 
My Dalradian of long ago!

And now, sweet lassie, a ³name for 
your home, 
Neath the shade of the ⁴lost plateau; 
Down from the ⁴loch where the 
dinosaurs roam: 
My Dalradian of long ago!
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Notes
¹I studied the Dalradian rocks of 
the Crohy Hills, Donegal, for my 
BSc, and then the Dalradian of Loch 
Creran, Scotland, for my PhD. 

²Later in my career, I was part of 
a team which mapped the largely 
unexplored (both topographically 
and geologically) area of eastern 
Bolivia during a seven-year BGS/
ODA/GEOBOL project, with which 
came a ‘licence’ to name topographic 
features and geological units. 

³The outcrops of quartzite and silver 
schists mentioned in the poem 
were reminiscent of the Dalradian, 
and prompted me to name the hill 
range Serranía Dalriada (see Landsat 
image), which, in turn, gave its name 
to the Dalriada Schist Belt in the 
literature (Litherland et al, 1986; 
Litherland and Power, 1989). These 
rocks are ca. 1400 my in age, twice 
that of the Dalradian of Scotland.

4The rocks form part of a schist 
belt/granite basement complex 
underlying the ca. 1000 my quartzitic 
sandstone cover sequence of Serranía 
Huanchaca/Serranía Ricardo Franco 
which straddles the Bolivia/Brazil 
border, deep in the Amazon (see 
Landsat image). This is the tableland 
which Percy Fawcett, the previous 
explorer, described to Arthur 
Conan Doyle, which resulted in the 

novel The Lost World. Mapping the 
tableland involved three-month, 
helicopter-assisted field campaigns 
in 1980 and in 1981; we reached 
Serranía Dalriada by climbing 
down the legendary Lost World 
escarpment.

5The ‘ loch’ is Doyle’s ‘central lake’, 
which we think existed during 
the Tertiary, and, probably, in the 
Cretaceous. Its sediments can be seen 
in the forested Río Verde basin within 
the tableland or Doyle’s ‘Maple 
White Land’. 
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To My New Stone Geotrauma

Silene made you a chunk of selenite 
quartz-sharp  aggressive

a teenager relatively 
just 500 million years you’ve been around

learning your base messages

anger attack defensible porosity

a Kent killer  neo-weaponised bedrock 
sunk out through blistered heat traded through Saxony

shouting  with every murdered thrust 
victor or vanquished till a Roman general carries you

back through Anglia to home

plinthed up to sulk in silence 
there centred on my mantelpiece

These geological poems are taken from EX SITU, published by Dempsey and 
Windle (ISBN: 9781913329181). Mary was born in Edinburgh and is a former 
teacher and business consultant. This is her first book of poems.

Stone, Sand and Salt: three poems

By Mary E Muir
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The Geography of Sand 
quartz and feldspar  
my shoe is full of it 
tip it out

scatter over the lino 
mica calcium carbonate

invisible camouflage now 
on the off-white whorls 
but feel it  
on the sole of your bare foot

a world lies there 
aeons of spacetime 
crumbled into microparticles  
of wings scales coral toenails hair

my shoes hold the universe   
carried by wind 
till tucked below the stars 

we see 
seven quintillions or so and the beach  
at North Berwick is only a rough guess 
sizewise

Salt
I find your memoried notes 
in the sands off Margate 
tide coming in will cover them 
drowning in salt at sunset 
salted down for preservation

Oyster shells tiptoe towards the horizon 
a blue line cracks forward 
exploding sorrow. 
I wait for the turn of the tide

Flying over Murcia  
I touch down on maps of saltpans 
to stand in seawater  
mouthwash my memories 
Salt the healer purifies his flakes of time

Salt gives me breathing space 
trickles slowly out of deep cellars 
even as he trolls my heart 
Salt is my heartthrob 

I watch one grain 
lie in the palm of my hand 
a starspot of reflective light 
creative shapedown 
and the three dimensioned  
7mm waiting rhomboid  
watches me watching
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the reasons for the concentration of 
coal- and metalliferous-bearing rocks 
at this time, discusses the causes 
of climate change and considers 
Britain’s industrial heritage region by 
region.

The book is divided into four parts, 
each with several chapters. The latter 
include short codas providing useful 
summaries. 

Part 1 entitled Economy in Motion 
recalls the evocative writings, 
published posthumously in 1888, of 
Celia Fiennes who travelled through 
England during the 1690s recording 
its industry, and those of Daniel 
Defoe published in the 1720s. Much 
of the succeeding chapter is devoted 
to the accomplished polymath 
George Sinclair, born in East Lothian, 
whose relatively unknown Short 
History of Coal (1672) provides 
extraordinary insights into the 
geometry and distribution of coal-
bearing strata (Figure 1). Next we 
learn that dwindling timber supplies 
from the 17th century onwards 
affected the availability and price of 
charcoal, putting into context the 
achievements of Abraham Darby in 
the field of coking and development 
of furnaces and iron works in the 
early 1700s. This is followed by a 

Measures for Measure — Geology 
and the Industrial Revolution by 
Mike Leeder. Dunedin Academic 
Press Ltd., Edinburgh. 2020. 
Hardback, 339 pp. RRP £24.99. 
ISBN 978-1-78046-081-9.

Mike Leeder’s latest book — with a 
subtitle of How Carboniferous worlds 
changed ours forever — is a wide-
ranging account of the reasons why 
the Industrial Revolution happened 
first in Britain. It delves into the 
achievements of key players living 
prior to and during the Industrial 
Revolution, explains the tectonic 
and geographic setting of Britain’s 
Devono-Carboniferous strata and 

Book review
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description of the development by 
Thomas Newcomen, and then the 
‘re-invention’ by James Watt, of the 
steam engine, so essential for the 
draining of deep mine workings. 
Transportation of the huge range 
of raw materials is covered with 
a discussion of the vital role of 
navigable rivers and, in the 18th 
century, canals. The testimony to 
their importance is provided by the 
example of the rise in the 1770s and 
1780s of Josiah Wedgwood’s pottery 
business.

Part 2 Redress of Time: Carboniferous 
Worlds Reconstructed abruptly diverts 
the reader to a well-illustrated but 
intense description of the tectonic 
setting, climate and environments 
of the world during Devonian 
and Carboniferous times. Whilst 
essential for an understanding of 
why Britain was so well endowed 
with resources, it is unsurprising that 
the extensive glossary is dominated 
by geological terms. Arguably the 
most interesting sections in Part 2 
describe the development of root-
bearing plants and the equatorial 
swamp environments from which 
peat is formed — the very basis of 
the carbon supply. Sediment burial 
and diagenesis and the origins 
of ironstones, oil shales together 
with vein mineralization are all 
explained. The final chapter in this 
part concludes that following periods 

of basin subsidence and sediment 
deposition, late Carboniferous to 
early Permian tectonic inversion 
provided the process by which the 
British coal basins were preserved. 
Serendipity played its part, as implied 
by the short coda to this chapter. 

Returning to the causes and 
outcomes of the Industrial 
Revolution, Part 3 Legacies: Carbon 
Cycling, Chimneys and Creativity 
begins with the reasons, both 
natural and anthropogenic, behind 
changes in climate. The discussion 
of the Anthropocene is particularly 
thought-provoking and reminded 
this reviewer of a comment made 
to him by an eminent Quaternary 
professor that the term was defined 
to satisfy the vanity of Homo sapiens. 
Rather aptly, following this discussion 
is a pleasing chapter devoted to 
industry of the age as represented in 
Art, Poetry and Music (appropriately 
forming the coda). 

The final section of the book Part 
4 Landscapes of the Industrial 
Revolution covers the main regionally 
significant coalfields of Britain. Each is 
briefly described in terms of geology 
and mineral resources with stories of 
industrial initiatives and enterprises 
and the people behind them. Thus, 
we have, in ‘England’s West Country’ 
a description of the Iron Merchant 
Graffin Prankard (whose practices 
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world it is invaluable.  The title — a 
take on one of Shakespeare’s 
‘problem’ plays — perhaps reflects 
that ultimately human beings need 
to temper resource exploitation with 
moral justice — remembering that 
today’s renewable technological 
industries also require minerals.

Andrew McMillan

are no doubt being re-assessed 
by today’s revisionists); and in the 
‘English South Midlands’ more on 
Abraham Darby and Coalbrookdale. 
In ‘Northumberland and Durham’ we 
learn about the favourable conditions 
for coal extraction and transportation 
which encouraged trade from 
Tyneside to London from the 13th 
century onwards. The final chapter, 
on the ‘Scottish Midlands’, completes 
the story with a reminder that 
today we look back on the 
deceased coal, ironstone and 
oil shale industries through 
the prism of conservation and 
heritage interpretation. In a few 
decades there will be no one 
living who has worked in these 
industries, but it is a history 
which we ignore at our peril.   

I would recommend this book 
for us all. Given the scope of the 
subject matter it could never 
have covered every aspect of 
the Industrial Revolution (just 
look at the number of books 
on this topic) but as an insight 
into Britain’s unique position 
from a geological perspective 
and as a reference source for 
helping shape the brave new 

Figure 1 A delightful figure from 
the book highlighting Sinclair’s 
early geological understanding.
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