
carried out electromagnetic imaging of the 
subduction zone in New Zealand. The technol-
ogy uses either artificial or naturally occurring 
electric and magnetic fields to determine the 
degree to which geological features in Earth’s 
interior are electrically conductive or resis-
tive. The method is particularly sensitive to 
the presence of interconnected fluids. 

The authors produced high-resolution 
images of a seamount on a section of the 
Pacific plate that is about to be subducted. 
They observed that the interior of the sea-
mount is highly conductive, but is overlain by 
a thin, electrically resistive layer of material 
(Fig. 1). The authors propose that the conduc-
tive interior is fluid-rich, and that the resistive 
layer is fluid-poor, with low porosity. The resis-
tive layer therefore acts as a cap, limiting the 
release of fluids from the deeper conductive 
region until the plate reaches greater depths. 

Chesley et al. also imaged an anomalously 
resistive feature deeper in the subduction 
zone, on top of the down-going plate. This 
corresponds to another seamount that had 
previously been imaged using seismic waves5,6. 
The anomaly resides beneath a conductive, 
fluid-rich region of the over-riding plate and 
is associated with a swarm of overlying small 
earthquakes (Fig. 1). The authors conclude 
that the previously observed seamount was 
the origin of the fluid in the conductive region 
now observed over the anomaly, and infer that 
the small earthquakes occur as the fluid moves 
through the system. So, although the rough 
topography of seamounts might be expected 
to increase friction at faults, seamounts can 
also decrease friction — and the potential for 
large ‘mega-thrust’ earthquakes — if they dam-
age the upper plate and release fluids. 

Some questions remain. How much fluid 
is left in the subducted seamount, and how 
much, if any, is carried deeper into the sub-
duction zone? Deeply transported fluids are 
also important in subduction-zone settings, 
because they decrease the melting temper-
ature of the mantle, resulting in hazardous 
volcanism at the surface7. 

More work is required to determine the 
global role of seamounts in influencing subduc-
tion dynamics and earthquake hazard. In some 
locations, seamounts have been associated 
with aseismic slip8 (movement on faults that 
does not cause big earthquakes), whereas in 
other locations they have been linked to large 
earthquakes4. One explanation for these diver-
gent effects is that seamounts have different 
hydration levels and are variably fractured 
around the world; those that are strong, dry 
and less fractured produce large earthquakes. 
If this is correct, then what processes cause sea-
mounts to become hydrated or weak? And what 
is the relative contribution of factors such as 
sea-floor characteristics, the age of the plate 
beneath the volcano and the time elapsed since 
the seamount was an active volcano? 

At subduction zones, the force of gravity 
drags dense tectonic plates beneath other, 
more buoyant plates. As the plates slide past 
one another, stress builds and is eventually 
released in the largest and most destructive 
types of earthquake on Earth. Various factors 
are thought to have a role in determining the 
location, type and magnitude of these earth-
quakes. Working out when and where each of 
these factors is at play is central to understand-
ing earthquake processes and mitigating the 
associated hazards. The characteristics of the 
down-going plate are thought to be a crucial 
contributor. 

However, finding direct links between the 
features of a down-going plate and the asso-
ciated earthquake characteristics has proved 
challenging. Chesley et al.1 report on page 255 
their use of a technique called electro magnetic 
imaging to investigate extinct underwater vol-
canoes, known as seamounts, on the Pacific 
plate as it descends beneath New Zealand. 
The authors show that the seamounts bring 

fluid into Earth’s interior that is later released 
into the overlying plate, effectively lubri-
cating the system and potentially lowering 
the like lihood of large earthquakes.This use 
of electro magnetic imaging has produced 
one of the first high-resolution images of a 
feature on the down-going slab that directly 
links the release of fluids to the type and size 
of earthquakes. 

A range of factors dictate the probable loca-
tion and magnitude of earthquakes2. One such 
factor is the frictional properties of the inter-
face between the plates. Fluids that are carried 
into Earth by the down-going plate can reduce 
the force of friction if they increase the fluid 
pressure in the fault zone. This, in turn, could 
decrease the likelihood of large earthquakes3. 
Alternatively, if the sea floor of the down-going 
plate is rough, because of features such as sea-
mounts, this might produce areas of higher 
friction at a fault interface, increasing the 
likelihood of large earthquakes4.

To investigate this issue, Chesley et  al. 

components of the immune system. This for-
mat using tandem nanobodies should help to 
boost antigen binding by the antibodies. The 
authors’ evidence indicates that these engi-
neered antibodies could potently neutralize all 
of the tested SARS-CoV-2 variants of concern 
(viruses with RBD mutations and which were 
associated with the second and third waves 
of the pandemic). Moreover, the proteins 
from nanomice recognized evolutionarily 
conserved epitopes on the RBD that do not 
overlap with regions commonly recognized 
by human antibodies.

The COVID-19 pandemic presents a unique 
opportunity for nanobodies to shine in 
the clinic, and the nanomouse platform is 
poised to help bring higher-quality therapeu-
tic-nanobody options to the table, pushing 
the odds of success even higher. Just as the 
development of mice with antibodies con-
taining human variable domains (such as 
Regeneron’s Veloc Immune mouse) has helped 
to deliver the 100th FDA-approved mono clonal 
antibody, perhaps the nanomouse will give 

nanobody-based thera peutics a push in the 
same direction.

James E. Voss is in the Department of 
Immunology and Microbiology, The Scripps 
Research Institute, La Jolla, California 92037, 
USA.
e-mail: jvoss@scripps.edu

1. Xu, J. et al. Nature 595, 278–282 (2021).
2. Sasisekharan, R. N. Engl. J. Med. 384, 1568–1571 (2021).
3. Nature Rev. Drug Discov. https://doi.org/10.1038/d41573-

021-00079-7 (2021).
4. Nature Rev. Drug Discov. 18, 485–487 (2019).
5. Liu, L. D., Lian, C., Yeap, L.-S. & Meng, F.-L. J. Mol. Cell Biol. 

12, 980–986 (2020).
6. Harding, F. A., Stickler, M. M., Razo, J. & DuBridge, R. 

mAbs 2, 256–265 (2010).
7. Dejnirattisai, W. et al. Cell 184, 2939–2954 (2021).
8. Nambulli, S. et al. Sci. Adv. 7, eabh0319 (2021).
9. Hanke, L. et al. Nature Commun. 11, 4420 (2020).
10. Koenig, P.-A. et al. Science 371, eabe6230 (2021).
11. Schoof, M. et al. Science 370, 1473–1479 (2020).
12. Esparza, T. J., Martin, N. P., Anderson, G. P., Goldman, E. R. 

& Brody, D. L. Sci. Rep. 10, 22370 (2020).
13. Xiang, Y. et al. Science 370, 1479–1484 (2020).

The author declares no competing interests.
This article was published online on 30 June 2021.
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Buried extinct volcanoes 
cause small earthquakes
Catherine A. Rychert & Nicholas Harmon

Imaging of a region where an oceanic tectonic plate descends 
below another plate reveals evidence that fluid-rich extinct 
volcanoes can help to lubricate the interface between 
plates — reducing the potential for large earthquakes. See p.255
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Another unanswered question is, how much 
fluid do seamounts contribute to subduction 
zones, compared with other sources of fluid in 
down-going plates? For instance, processes 
that occur near sea-floor features called mid-
ocean ridges can add fluids to oceanic plates 
by altering the mineral composition of the 
rocks9, or through the formation of faults and 

associated damaged zones10,11, or both. More-
over, further hydration might occur when a 
plate is bent and broken as it enters the sub-
duction zone12, or, as Chesley et al. suggest, 
when a local hotspot generates a volcano that 
eventually becomes a seamount13. The contri-
butions of these diverse mechanisms could 
vary with location and time. Further imaging 

of oceanic plates that formed at different 
times and rates, and with different degrees 
and times of emergence of volcanic activity, 
is now required — in particular, by combining 
electro magnetic and seismic imaging tech-
niques, which have complementary sensitiv-
ities to the properties of Earth’s interior.
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Figure 1 | Evidence that a seamount has altered seismic behaviour beneath New Zealand. The oceanic 
tectonic plate known as the Pacific plate descends (subducts) beneath the tectonic plate that supports 
New Zealand. Chesley et al.1 report electromagnetic imaging of a seamount — an extinct underwater 
volcano — on part of the Pacific plate that is about to subduct, and find that it has a fluid-rich interior 
capped by a thin, low-porosity layer of material. The authors also observed the remains of a seamount at 
the interface between the Pacific plate and the overlying plate. The region of the overlying plate above the 
remains is damaged and fluid-rich, and corresponds to an area in which many small earthquakes have been 
reported. The authors suggest that the subducted seamount damaged the overlying plate and that its cap 
broke, releasing fluid to the upper plate. The fluids reduced friction between the plates, thereby decreasing 
the likelihood of large earthquakes, which often occur at subduction zones.
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