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Key Points:

e The Anthropocene is not de facto a new
epoch with fixed start as claimed, but a
material transformation that unfolds in
real time

e As the ongoing event of the
Anthropocene continues to develop,
conceptual frames for understanding it
are evolving

e Following recent rejection of the epoch
proposal, it is time to move on from the
assumption that the Anthropocene
must be a time interval
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Abstract The claim that the Anthropocene is de facto a new epoch is disputed, along with the suggestion
that Earth system transformation from one state to another can be pinned down to a single year. The
epoch proposal was formally rejected in 2024 but, crucially, that was not a rejection of the Anthropocene
itself. As the material event of human-induced planetary transformation continues to unfold at increasing
rates all about us, research into the Anthropocene is as vital and relevant as ever. It is important to
realize, however, that the concept of the Anthropocene is evolving. The long-standing assumption that it
must be a time interval, and must therefore be accorded a precisely-defined date of start, is being called
into question. The interdisciplinary field of Anthropocene research is straining to break free from the
confines of rigid definitions and the imposition of an isochronous timeline to mark the supposed start,
which cuts out vast amounts of relevant pre-1952 evidence from consideration. A broader, more flexible
and less exclusive definition of the Anthropocene is in order. In this reply we respond to criticisms by
epoch proponents and further outline the Anthropocene as an unfolding event of major significance in
Earth history.

Plain Language Summary Following recent rejection of the epoch proposal, a broader definition of
the Anthropocene is required that does not exclude diachronous stratigraphic evidence. In reply to the charge by
epoch proponents that the Anthropocene Event definition is too loose, we point out that a flexible definition
(rather than a rigid one that prioritizes precision over accuracy) is what is needed for the growing
interdisciplinary field of Anthropocene research to continue to develop.

We thank Jan Zalasiewicz and colleagues for their comments (Zalasiewicz et al., 2025). Yet most of these are just
restatements of their earlier criticisms—the same ones we wrote our paper (Edgeworth et al., 2024) to counter.
Their central claim repeats the “straw man” argument that the Anthropocene Event refers generally to “anthro-
pogenic processes over some unspecified time extending back tens of millennia” and therefore that it fails to
recognize the speed and scale of recent planetary disruptions.

As we explained in our paper, the Anthropocene Event is an unfolding process of planetary transformation with
cumulative and compounding effects rapidly intensifying in recent times, incorporating all aspects of the Great
Acceleration (Steffen et al., 2015) and its unprecedented planetary consequences from rapid climate change and
sea-level rise to biodiversity losses, ocean acidification, extensive pollution, and so much more. We pointed out
that missing from their characterization of the event was the crucial aspect of intensification. It is important to
stress once again that the Anthropocene Event is emergent, manifesting incrementally through aggregation of
effects and processes of compounding growth (though there may be lags and leads at different times and places
within these). Thus, the Great Acceleration, as part of the larger unfolding event, does not appear out of nowhere,
or “accelerate” from a standing start. To understand the recent acceleration of anthropogenic planetary trans-
formation, it is essential to go beyond a simple “step-change” from one state to another, and to grasp that this
profound planetary transformation represents intensifications, elaborations, and accelerations of already existing
processes, many of which have deep roots in the past (Ellis, 2024).
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We thought epoch proponents might engage critically with these points. As we previously stated, “The
Anthropocene Event should not be considered synonymous with human history” (Gibbard et al., 2022, p. 354).
But through a series of papers and press briefings, and again in this latest critique, Zalasiewicz et al. persist in
mischaracterizing the Anthropocene Event as if it were a time interval encompassing all anthropogenic impacts,
invariably leaving out the crucial aspects of emergence, differentiation, and intensification over time.

Figure 1 in the response by Zalasiewicz et al. is revealing. While acknowledging that “an extensive Holocene
cultural and technological dam heritage exists”, they seem unwilling to consider connections between those
earlier river works and the surge in large dams during the mid-late 20th century. Yet clearly the latter is a
development from the former. By employing certain size criteria as to what constitutes a large dam/reservoir, the
graph artfully manages to cut out the many medium-sized dams and reservoirs constructed, for example, across
much of Asia prior to colonialism (Bauer & Morrison, 2014), thus leaving many parts of the world (Morri-
son, 2018) and most of the history of river modification out of the picture. Furthermore, because large dams are
counted by the graph only at half-century intervals up to 1950, giant pre-1950 structures such as the Hoover Dam
(221m high, built 1931-1936) do not get counted until 1950, accentuating the steepness of the curve and making
that date seem more significant than it really is. For more accurate representation of the rise in number of large
dams, without such unnecessary distortion, see the graph in Steffen et al. (2015, Figure 1).

Several papers whose titles Zalasiewicz et al. wrongly claim are “rendered meaningless” by our framing take the
Anthropocene to mean something much broader than an epoch starting in 1950 or 1952. For instance, Meybeck
et al. (2023) explain present conditions of the River Seine by considering basin history over the “longue durée” of
more than a hundred years, an approach entirely consistent with ours.

More confusingly, epoch proponents themselves often use the term Anthropocene to refer to pre-1952 evidence.
For example, most of the “underground rivers of the Anthropocene” described by Williams et al. (2023) were
buried long before the mid-20th century by intensifying processes of city growth which the authors trace back
over two thousand years. Paradoxically, and although not explicitly framed as such, the evidence they present can
be taken as a case study of buried urban rivers as stratigraphic markers of the unfolding Anthropocene Event.

Zalasiewicz et al. would prefer to reduce events to “brief, more or less synchronous perturbations.” However,
geologists clearly also use the term to describe larger magmatic, mountain-building, biodiversification and mass
extinction events, and notably the most transformative planetary event in Earth history, the Great Oxidation Event
(2.4-2.0 Ga). Events, unlike time intervals, are happenings that take place in real time. They can be longer and
more pronounced than epochs, and may transgress imposed time boundaries. They are multi-scalar in the sense
that larger events are composed of smaller ones. Almost every discipline across the natural and human sciences
uses a concept of “event”, making it a useful “boundary object” (Star, 1989) in interdisciplinary research, with
enough common identity to cross subject boundaries and for its meaning to be understood.

Zalasiewicz et al. see the concept of the Anthropocene as fully-formed and temporally fixed, with the meaning of
the term non-negotiable. Their version of the Anthropocene is tied to a precisely-defined date of start (1952 CE)
and to a specific rank on the geological time chart (that of epoch), despite it being much too early to specify the
scale of the still-unfolding event. Both these elements of their proposal were roundly rejected by the Subcom-
mission on Quaternary Stratigraphy (SQS) and the International Commission on Stratigraphy (ICS) in March
2024. They also insist on their own selective version of a definition of the Anthropocene proposed more than 20
years ago, overlooking the fact that it places the start in the late 18th century and warns: “To assign a more specific
date to the onset of the “anthropocene” seems somewhat arbitrary” (Crutzen & Stoermer, 2000).

The late Paul Crutzen would surely be the first to acknowledge that scientific concepts typically change and
sometimes metamorphose substantially through time as they are tested, thought about, argued through, and
adapted to the vagaries of material evidence, and that freezing ideas forever in their original formulation is not
conducive to scientific progress. As a still-developing set of ideas, grappling with situations and processes not yet
fully understood, the concept of the Anthropocene needs to be set free from the confines of fixed definitions in
order to enable it to develop and change, possibly in directions unforeseen by its originators.

The closed definition of an Anthropocene epoch compares with the more open framing of the Anthropocene
Event, recognition of which “is only the first step in defining an interdisciplinary and multidisciplinary framework
that will facilitate research in the years ahead, allowing future scholars to develop an understanding about how a
range of multiscale, and socially and temporally differentiated processes, articulate, compound, or diverge in their
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transformation of the Earth system” (Gibbard et al., 2022, p. 354). The concept of the Anthropocene is evolving
beyond that of a time interval. For all the achievements of the chronostratigraphic method in developing an
understanding of Earth history in deep geological time, its unsuitability for studying Earth system change on
timescales of human history has become apparent. It can only grasp major transformations in terms of instan-
taneous shifts from one time interval to another, no matter how compelling the stratigraphic evidence indicating
more time-transgressive change. Recent rejection of the epoch proposal by the SQS and ICS reinforces the view
that the chronostratigraphic chart is an inappropriate frame within which to define the Anthropocene.

While assigning the Anthropocene epoch an exact start might appear to deliver the scientific precision that
Zalasiewicz et al. desire, thereby making other approaches seem “loose” and “imprecise” by comparison, pre-
cision is not equivalent to accuracy. It is inaccurate to impose a precise start upon an emergent set of processes that
has numerous times and places of origin. In such circumstances a flexible framework is more appropriate. As the
material event of the Anthropocene continues to unfold in unpredictable ways, conceptual frameworks are needed
that are flexible enough to accommodate unexpected developments and new ideas, to include time-transgressive
as well as isochronous evidence, and not to exclude relevant evidence just because it dates from before 1952.

Though far from perfect, the broader interdisciplinary concept of the Anthropocene offers the prospect of a more
holistic and inclusive approach to human-induced Earth system change than any one discipline can provide on its
own. It has tremendous potential to get to grips with what is happening to our changing planet - but only if allowed
to itself develop and transform. The last thing the developing concept needs is to be imprisoned in the conceptual
straight-jacket of a time interval. Freed from the unnecessary encumbrance of an isochronous timeline to mark its
supposed start, study of the emergent, unfolding and ongoing event of the Anthropocene is more important than
ever.
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