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“Multi-view Learning” via DELTA

Recently our research broadens the scope of the machine learning 
on multi-view learning, an approach to integrate information from 

different views of data to enhance the machine learning performance. 
For example, a piece of multimedia content is a combination of 
video, audio and text signals, and those signals each describes 
one aspect or one “view”. When human beings look at the pictures, 
listen to the audios and read the texts, their brains work as a super 
computer to simultaneously process all those signals and put them 
together to help the understanding. While a real computer, or a 
robot, “watch” the material, it will decipher the material firstly into 
different “views” and then do the integration. Therefore, for any 
learning objective, if we could analyze it from different “views” and 
combine the outcomes, we might comprehend it more thoroughly. 

This concept immediately brought me into the essence of DELTA. 
Member teams of DELTA have different focus, i.e. quantitative 
stratigraphy, temporal and spatial structure of biodiversity, 
geochemistry history, each providing one “view” about the Earth 
history. The alliance works as a conjunction to connect the members, 
so that we could integrate all the “views” together to deepen our 
understanding and enhance our learning skills. There is a Chinese 
idiom called the blind 
men and the elephant, 
盲 人 摸 象 . The blind 
man who touched the 
l e g  a n d  d e s c r i b e d 
the elephant was like 
a pi l lar and another 
who touched the tail 
a n d  d e s c r i b e d  t h e 
elephant was l ike a 
rope. Each of  them 
has only touched one 



part of the elephant and described it from only one aspect. Earth in the 
deep-time for us is like the elephant for the blinds, we had no chance 
to travel back in time to see it, and usually gain an understanding of 
the earth only from one aspect. Therefore, to communicate and work 
together is an efficient way for us to reveal the whole picture of the 
deep-time Earth, which is what DELTA aims for.

The most common multi-view learning methods include co-training 
style algorithms and co-regularization style algorithms. The co-training 
makes use of multiple views of data to iteratively learning multiple 
classifiers for the further classification, and the co-regularization adds 
regularization terms to the objective function to align that data from 
multiple views. By working together, DELTA members are training 
each other with different “classifiers” and co-regularize the studied 
objects with “diverse categories of data” which would be achieved in 
the future “at the touch of a button” (from Graham, p.3 in this issue). 
Our students will also be equipped with multi-disciplinary knowledge 
and know how to set the regularization on their objects for different 
views. 

Multi-view is obviously not a new concept for earth scientists, however, 
the methods developed in the multi-view learning are intriguing and 
could innovate both our research and the ways of thinking. DELTA, 
from its essence as an alliance, is a multi-view learning approach 
open to all the members. We are allied and we are learning.

Yukun Shi
2022.12
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DELTA MEMOIR
2021

September
Signed MOUs between NJU & 
Oxford, & UCL, & U Bristol, & U 
Zürich

December
First grant of DELTA (from NJU)

2022

January
First national grant of DELTA 
(from China Scholarship 
Council)
First webinar of DELTA
First Steering Committee 
Member selected

March
First issue of DELTA Newsletter
First NJU-UCL online meeting

April
First NJU-Oxford online meeting

June
DELTA website released

November
First in-person meetings of NJU 
& UCL, & Oxford, & U Bristol 
teams

December
First DELTA Steering Group 
Meeting

Note: Click on the above event to be 
directed to the more information.  

https://drive.google.com/file/d/1IMFWkrvFnxKSauI8FYt7BhW_vCHXnygO/view?usp=sharing
https://drive.google.com/file/d/1IMFWkrvFnxKSauI8FYt7BhW_vCHXnygO/view?usp=sharing
https://drive.google.com/file/d/1IMFWkrvFnxKSauI8FYt7BhW_vCHXnygO/view?usp=sharing
https://drive.google.com/file/d/11qXpuqjLhU27Hiw0jad3pztSvFqv6cOQ/view?usp=sharing
https://drive.google.com/file/d/1WYgzu7mrzc13vbotpKnDhltPEN5gRz0L/view?usp=sharing
https://drive.google.com/file/d/1WYgzu7mrzc13vbotpKnDhltPEN5gRz0L/view?usp=sharing
https://drive.google.com/file/d/1WYgzu7mrzc13vbotpKnDhltPEN5gRz0L/view?usp=sharing
https://drive.google.com/file/d/1SL34sOWt8QnTlH2zVPbKtP9xFA_J1yN4/view?usp=sharing
https://drive.google.com/file/d/1RTblko5R6iCSyFYgBr2mskIfUfYjhx8o/view?usp=sharing
https://drive.google.com/file/d/1NJ0al6N9gAVHEXzDc7EngfTrwvqXqBRa/view?usp=sharing
https://drive.google.com/file/d/1koSVx8qcDQhKrU2ycWjownLBBjOcipS0/view?usp=sharing
http://nju-delta.com/
https://drive.google.com/file/d/1zp3qk3ktLyOHReusj1BoRlg2FyYL9b3u/view?usp=sharing
https://drive.google.com/file/d/1zp3qk3ktLyOHReusj1BoRlg2FyYL9b3u/view?usp=sharing


A deep dive into stratigraphy in London
Graham Shields

At the bottom of the stairs at Burlington House, current 
home of the Geological Society of London, hang two 

geological maps of England and Wales. 

Spot the difference?

The first, by William Smith, was completed in 1815 and 
was based on his controversial ideas on “strata identified 
by organized fossils” that he went on to publish when 
he was forced to sell his fossil collection to the British 
Museum. The second map (on the right) was published 
in 1820 by George Bellas Greenough, shortly before 
he helped to found London University, the forerunner 
of University College, London. Greenough’s map was 
based less on fossils than on mineralogy, but even at his 
new university, biostratigraphy was soon being taught by 
Smith’s nephew John Phillips, to whom he had passed 
on a passion for geology. Stratigraphy has deep roots in 
London.

UCL’s Earth Sciences Department is now located in 
nearby Gower Place (see photo). Between 1838 and 
1842, UCL gained another famous neighbour when 
Charles Darwin moved into Gower Street. Viewed 
retrospectively, these were possibly the most formative 
years in regard to his work on the origin of species. Darwin 
knew that pre-Palaeozoic rocks seemed embarrassingly 
devoid of fossils, and Phillips’ 1861 work on fossil diversity 
through three geological eras underscored this puzzle (see 
diagram).

It would take another century for the 
first pre-Palaeozoic animal fossils 
to be discovered, and they are still 
among the oldest known metazoans. 
One has even been assigned to a 
modern animal group (cnidaria). 
Two teenagers found the fossils in 
Leicestershire, England, and Roger 
Mason, subsequently came to UCL as 
a reader in geology. After retirement, 
he taught for many years at CUG 

Wuhan (yes, the world is a small place). 

When Ying and I came to UCL towards the end of 2007, 
we knew nothing of the history of the place, other than 
that the body of Jeremy Bentham, an inspirational figure 
to its founding fathers, could still be found in a box in one 
of its many entrance halls. Only since then have I steadily 
realised that the histories of UCL and of stratigraphy are 
pleasingly entwined.

Before we arrived, deep time stratigraphy at UCL implied 
Mesozoic (a term invented by Phillips), but we have 
helped to add an earlier, biogeochemical dimension. From 
the origins of life, sex and mitochondria (Nick Lane and 
Dominic Papineau), early life on land (Martin Homann) 
to Snowball Earth and the Cambrian explosion (Graham 
Shields, Ying Zhou, Luke Parry, Sean Chen, Max Telford), 
UCL now also looks at the first 90% of Earth’s history 
when nothing much happened.

Our specif ic research group focusses on the en-
vironmental changes that accompanied, and possibly 
facilitated early biological radiations and diversification. 
The London Geochemistry and Isotope Centre (LOGIC) 
we founded in 2015 forms the heart of our operation, 
with analytical facilities capable of measuring most 
isotopic and elemental proxies. In recent years, our 
group has published a wide range of Proterozoic and 
Cambrian studies using carbon, oxygen, sulphur, 
nitrogen, strontium, calcium, uranium, molybdenum and 
lithium isotopes as well as the rare earths. Together with 
biogeochemical modelling, these studies highlight ocean 
oxygenation events linked to biological radiations, ocean 
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deoxygenation linked to mass extinctions, and illuminate 
the long-term coupling between weathering, tectonics, 
climate and the biosphere. Some target directly Darwin’s 
dilemma around why animals appeared so abruptly on the 
scene.

We show here one example of a single proxy record, 
in this case seawater strontium isotope ratio (based on 
Ying’s 2020 paper in Geology), which has varied over 
time in response to episodes of tectonic uplift and erosion 
related to supercontinent cycles. Creating such records 
involves three main steps. Firstly, there is continuous 
generation of data over many years. Secondly, data 
need to be situated within an evolving age model that 
allows them to be merged into a time series. Key to that 
process is sample placement within a specific section, 
which can be subdivided into correlative zones based 
on fossil contents or other characteristics. Finally, data 
are screened to produce a clean interpretation of secular 
evolution, which here relates to the chemical evolution of 
the oceans. Sounds straightforward enough, but the lack 
of relational context means that this process needs to be 
repeated from scratch for every proxy, while continuous 
data generation results in myriad alternative datasets. 
Updating them all becomes a mammoth task, while many 
data and metadata are lost along the way.

In recent years, compilations of sedimentary geochemical 
data have abounded. Initially, centring around the most 
conventionally applied proxies, namely stable isotope 
data, these compilations have gradually embraced almost 
every element (and isotope) of the periodic table. Some 
high impact papers, centring around just one or two of 
these proxies, have made grand claims of global import 
that are often hard to verify because 1) huge time gaps 
exist in these datasets; 2) samples’ ages have large 
uncertainties; and 3) both of these issues are exacerbated 
by the lack of a global stratigraphic framework that can 
link together disparate samples and their proxy data. As 
a consequence, many such studies lack objectivity and 
quickly lose relevance when new data and age constraints 
emerge. The same samples are commonly given different 
ages in subsequent studies, so published compilations 
can be more a dark art than a work of science.

One step forward has been the introduction of unique 
sample identifiers, so that different data types from the 
same sample / section can be more easily linked and age 

models updated. However, geochemical data have an 
additional complication in that they mostly do not derive 
from whole rock digestions, for which databases do exist. 
Indeed, most analyses involve separating components 
either physically or chemically, often in sequence, in order 
to achieve a pristine signal, and there are many ways to 
achieve this. As a consequence, different categories of 
data, even from the same samples, may not be strictly 
comparable. Therefore, it is crucial that all geochemical 
data come with a detailed methodology. Substantial 
metadata are also needed for data screening, and to allow 
subjective interpretations of sample / data quality. This 
is akin to ‘opinion’ data for fossils, whereby all metadata 
needs to be made available, in order for users to assess 
which samples’ data are the most appropriate for their 
particular needs. 

In recent years, our group has published large datasets of 
diverse geochemical proxies in the journal Earth Science 
Reviews, for example on strontium isotopes (Chen, Zhou 
and Shields, 2022) and rare earth elements (Zhang and 
Shields, 2022), and more are in the pipeline, yet all these 
await some central, relational database that can act as 
a more versatile home. Some of our datasets focus on 
specific intervals of major interest, but their interpretation 
depends on which of a range of possible age models is 
eventually deemed the most appropriate (Bowyer et al., 
2022). This latter problem necessitates a section-based 
approach to rock-bound data, whereby geochemical 
proxies can always be rooted in their original lithological 
and updatable (bio)stratigraphic context. As a community 
we need to move on from publishing incrementally 
improved time series that stitch together the authors’ 
chosen data sets, rejecting others in the process, to 
make one simplistic curve of a geochemical parameter. 
We foresee this as the future of chemostratigraphy, but 
caution also with the old adage ‘rubbish in, rubbish out’, 
as in geochemistry, it is all too easy to diminish rather 
than enhance the quality of information when compiling 
data. Nonetheless, we envisage a future in which diverse 
categories of data can be compared throughout all Earth 
history at the touch of a button, and it is an exciting 
prospect. 

References
Bowyer, F. et al. 2022. Calibrating the temporal and spatial dynamics of 
the Ediacaran- Cambrian radiation of animals. Earth Science Reviews 
225, 103913. 
Chen, X., Zhou, Y., Shields, G. 2022 Progress towards an improved 
Precambrian seawater 87Sr/86Sr curve. Earth Science Reviews 224, 
103869.
Dunn, F. et al. 2022. A crown-group from the Ediacaran of Charnwood 
Forest, UK. Nature Ecology and Evolution 6, 1095-1104.
Phillips, J. 1860. Life on the Earth: Its origin and succession. Macmillan 
& co. 224 pp. (figure on page 66).
Zhang, K., Shields, G. 2022. Sedimentary Ce anomalies: Secular 
change and implications for paleoenvironmental evolution. Earth Science 
Reviews 229, 104015.
Zhou, Y. et al. 2020. Reconstructing Tonian seawater 87Sr/86Sr using 
calcite microspar. Geology 48, 462-467.
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Post-extinction recovery of the 
Phanerozoic oceans and biodiversity 
hotspots

Mike Benton

It may seem paradoxical to feature a recent article
(Cermeño et al., 2022) in which we specifically did not 

use any fossil record data to reconstruct the history 
of biodiversity in the oceans. However, by chance, our 
paper marks the 50th anniversary of a seminal paper for 
everyone in our discipline, Raup (1972), and we believe 
that our new study may resolve some of the issues Raup 
had raised all those years ago.

The paradox raised by David Raup in 1972 was that 
as a profession he could see we had the tools and the 
ambition to use the fossil record, particularly the marine 
fossil record, to document large events in the history of 
life such as mass extinctions and diversifications, but 
much of that record was incomplete and even biased. His 
main concern was to understand what we were to make 
of attempts at that time to document palaeodiversity, 
in other words estimates of global marine biodiversity, 
through time. The main bias identified by Raup was that 
the quality of data became worse and worse in older and 
older time bins, and that this would hugely affect our ability 
to have any confidence in the empirical data for much of 
the Phanerozoic. As a key component of that temporal 
bias, he identified the ‘pull of the recent’ and explained the 
various aspects of that concept.

In his famous figure (Fig. 1) he contrasted the ‘empirical’ 
model of Jim Valentine, which simply documented 
the global data on the temporal distribution of well-
skeletonized marine animals as an indication of the 
true palaeodiversity curve versus his ‘bias-simulation 
model’ which he felt was a more likely model based on 
an equilibrium assumption that the ocean filled in the 
Cambrian and Ordovician, perhaps overshot, and then 
settled to a steady equilibrium level ever since. As is 
well known, palaeontologists in the 1970s accepted the 
challenge, and came to an uncomfortable agreement that 
the truth perhaps lay nearer the empirical end of the scale 
(Sepkoski et al. 1981).

This at least empowered Jack Sepkoski and others to 
start building databases on the fossil record, and which 
since 1998, under the direction of John Alroy, turned 
into the Paleobiology Database (PBDB). Indeed, the key 
declared objective of the PBDB (Alroy 2003) was to use 
the improved data coverage to test between those two 
alternatives proposed by Raup (1972), whether the fossil 
record can provide sufficient data to provide a reasonably 
plausible record of Phanerozoic global palaeodiversity or 
not. A particular question raised by Raup (1972), Sepkoski 
et al. (1981), Alroy (2003) and others has been whether 
the apparently substantial rise in palaeobiodiversity in the 
last 100–150 million years is real or not.

Various strategies have been pursued in the past 50 
years to try to wrestle a reliable signal of Phanerozoic 
palaeodiversity from fossil record data, by for example 
applying various sampling standardization methods 
(e.g. rarefaction, SQS, Chao’s method) to model 
heterogeneous preservation and sampling, or by seeking 
independent yardsticks of such variable preservation and 
sampling (e.g. area of exposure of rocks of different ages, 
formation counts, publication counts), but none of these 
provided a solution, and even if they did, nobody could 
prove it. Added to the mix was the recent observation that 
there is clearly no reason that the sum of palaeodiversity 
signals from different palaeolatitudes and different ocean 
basins would provide a meaningful global pattern (Close 
et al. 2020).

As an attempt to break through the endless logjam, Pedro 
Cermeño and Carmen García-Comas of the Institut de 
Ciències del Mar in Barcelona adopted a radical new 
approach by developing a mechanistic model for the 
evolution of Phanerozoic marine palaeobiodiversity. 
Mechan is t ic  models  have been used before  in 
palaeobiology, such as ecological niche modelling, where 
analysts establish the preferred physical living conditions 
for particular species, according to temperature, rainfall, 
and topography, and then determine where they occur and 
where they ought to occur.

Our approach was necessarily more elaborate (Cermeño 
et al. 2022), combining the latest palaeogeographic 
maps, climate reconstructions, and carbon cycling 
reconstructions. We married together 82 time steps, each 
with its own palaeomap and climate, thanks to Simon 
Williams and Dietmar Müller, with 30 runs of cGenie, 
the earth-atmosphere-ocean biogeochemical circulation 
model, to model temperature and productivity. Carmen, 
Pedro, Andy Ridgwell, and Alexandre Pohl had to wrestle 
with divergent software and huge, iterative calculations to 
complete the modelling runs. The whole model is based 
on a key observation, that marine biodiversity in the 
modern oceans can be broadly predicted according to the
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intersection of values for ocean mean temperature and 
for productivity (the food supply measured as relative 
volume of plankton). Therefore, we reasoned, if we ran the 
model against the best palaeomaps, concentrating on the 
changing latitudinal distribution of the continental shelf, 
which is of course where most marine biodiversity resides, 
we might, or we might not achieve a plausible outcome.

The first intimation that things might be working was 
when we ran the calculation over many weeks and 
reconstructed the biodiversity distributions on all 82 maps 
through the Phanerozoic. The only one for which we had 
reliable information was the present-day and, remarkably 
the model churned out a nearly perfect prediction of the 
distribution of biodiversity that matched the actual maps 
(Fig. 2). The only divergence was that our mechanistic 
model underestimated the true high levels of biodiversity 
today around Australasia.

Then we not iced something interest ing:  mar ine 
biodiversity hotspots had remained relatively stable since 
the Triassic – in other words, the sites of high modern 
biodiversity in the Caribbean, the Mediterranean, the 
northern fringe of the Indian Ocean, and around south-
east Asia and Australasia – had mostly occupied tropical 
latitudes for the last 100–200 million years. One of 
our main conclusions was that this long-term stability 
of biodiversity hotspots explains the unusually high 
biodiversity of such hotspots today, and perhaps also 
why there has been a remarkable several-fold increase in 
marine biodiversity through the last 150 million years. In 
contrast, during the Palaeozoic, marine diversity hotspots 
fluctuated substantially as continents moved across the 
equator and from tropical to temperate waters; biodiversity 
hotspots never had a chance to become established, and 
perhaps palaeodiversity remained fairly steady, rather 
than increasing, from Silurian to Permian.

Our proposal of biodiversity hotspot stability and its 
contribution to current high biodiversity levels works side 
by side with the important innovation-based proposal of 
the Mesozoic marine revolution (MMR; Vermeij 1977). 
So, combined, the evidence of escalation in predator-
prey interactions and other kinds of arms races from 

the Triassic onwards (MMR), with bidoversity hotspot 
stability (Cermeño et al. 2022) can explain a many-fold 
multiplication of total global marine biodiversity through 
the last 150 million years, as shown by the (uncorrected) 
fossil record data.

The other aspect of the study that has importance for the 
conundrum highlighted by Raup (1972) is that we also 
compared our results to the various proposed models 
for the evolution of marine palaeobiodiversity, including 
the empirical-exponential model of Valentine and others, 
the single-equilibrium model of Raup and Alroy, and the 
multiple-levels equilibrium model of Sepkoski. In order to 
ensure we did not bias our model runs, we used papers 
by Sepkoski, Alroy and others as sources of information 
about the timing and magnitudes of mass extinctions, 
and we also sought best fits of the three over-arching 
models (exponential, equilibrium, multiple equilibrium). 
In all cases, our model runs best fit the exponential and 
empirical plots of Phanerozoic palaeobiodiversity, and 
the modified (“corrected”) models did not fit (Fig. 3). This 
could suggest that the fossil record is good enough to give 
a reasonable picture of marine palaeodiversity through 
the Phanerozoic. Further, we tested whether equilibrium 
global biodiversity levels had ever been achieved, but they 
never had and still have not – generally total global marine 
biodiversity has remained at a saturation level of about 
0.25.

The value of a mechanistic model such as ours is that 
it does not depend on any fossil data in its construction 
(other than in the dating of the mass extinction events and 
estimates of their magnitude). Everything flows from the 
detailed regional-scale palaeomaps showing locations 
of the continental shelf through time, the climate models, 
and the intersections of temperature and productivity 
levels and their projected biodiversities. It’s important 
to note that every step included error modelling in the 
sense of including ranges of plausible values rather than 
single values, and that we modulated the model against 
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equilibrium and exponential assumptions and multiple 
metrics for mass extinction intensity, so it incorporates 
the expected multiple iteration across all plausible 
considerations. It’s a first effort though, and we can 
await with interest future re-runs against different input 
parameters.

Therefore, our mechanistic model confirms that the 
dramatic rise in marine diversity through the Mesozoic 
and Cenozoic seen in the raw data is probably real and 
reasons are given (MMR, stability of hotspots). Further, 
the model (Fig. 4) confirms a fundamentally exponential 
model lying behind that diversification at global scale 
but developed from a detailed regional-scale modelling 
regime, and that equilibrium has never been reached. 
Finally, the model suggests that we can be comfortable 
in reading the global empirical fossil record data as 
a reasonably good representation of what actually 
happened.
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Alroy, J. 2003. Global databases will yield reliable measures of global 
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Vermeij, G.J. 1977. The Mesozoic marine revolution: evidence from 
snails, predators and grazers. Paleobiology 3, 245–258.
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Ediacaran-Cambrian boundary 
problems 

Ying Zhou & Graham Shields 

alcott called it the Lipalian interval: a missing 
segment of sedimentary rock,  in which a 

more gradual transition to Cambrian bioturbation, 
biomineralization and bilaterian fossils might eventually be 
found. We now call it the Ediacaran-Cambrian transition, 
reflecting the advances since, but the problems of a 
relatively depauperate rock archive persist. In many parts 
of the world, this ‘transition’ is represented by a break, 
broadly termed the ‘Great Unconformity’. 

The basal Cambrian 
g o l d e n  s p i k e  was  
eventual ly placed in 
Newfoundland in 1991 
at the level at which 
animals achieved more 
systematic behaviour 
in their trace making, 
typified by Treptichnus 
pedum , shown here 
beneath the first calcified 
tubes Cloudina (both 
examples from Spain, 
photos Ying Zhou). In 
transitional siliciclastic 
successions, such as at 
the global GSSP, few if 
any skeletal fossils can 
be found, while other 
stratigraphic methods, 

such as carbon isotopes, are hard to apply, making 
correlation of the boundary a headache that has lasted 30 
years. 

Because of such problems, we set out to correlate the 
boundary using data from around the world, including 
China. Fred Bowyer, funded by NERC-NSFC through 
the BETR programme, took the lead in assembling 130 
sections from 12 countries. In our recent paper, we 
outline four possible age models based on correlative 
carbon isotope trends, anchored to radiometric ages 
and consistent with strontium isotopes. Using such 
independent criteria, we showed that T. pedum always 
post-dates cloudinids where it is possible to test this, 
despite the existence of late Ediacaran treptichnids, 
confirming the validity of both this ichnospecies, and 
the basal Cambrian negative δ13C excursion (BACE). We 
concluded that four age models were possible, with 
boundary ages ranging from ~539 Ma to ~536 Ma (see 
model C). 

As an illustration of the importance of field-based 
observations, it turns out that the only way to judge which 
of these four global models is closer to the truth is to go 
back into the field to check the field relationships of a key 
part of the Ediacaran stratigraphy in China, containing a 
dated ash bed, important fossils (Miaohe and Shibantan 
biotas) and lots of underpinning isotopic data. Luckily, we 
were able to do this in 2019, and noted that submarine 
slumping had indeed disrupted and repeated crucial parts 
of key successions. Due to the absence of high resolution 
biozonation, such issues are particularly problematic for 
Precambrian studies, as geochemists commonly assume 
a simple layer-cake stratigraphy. Data compilers beware! 
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Qinglinkou section, Hubei Province. 
Graham is pointing out an internal slide 
surface within a much larger slump 
complex that repeats some units, while 
unfortunately missing out others. This 
very regional phenomenon is still causing 
massive confusion in Ediacaran-Cambrian 
stratigraphic studies that seek to calibrate 
early animal evolution. 

References 
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New geochemical identification 
fingerprints of volcanism during the 
Ordovician-Silurian transition

Shengchao Yang

Volcanism has a s ign i f icant  in f luence on the 
environmental and biological evolution in geological 

history, usual ly recorded by volcanic ash layers 
(bentonites). However, most volcanic eruption materials 
were dispersed and mixed with sediments as cryptotephra 
(invisible volcanic ash layers), unrecognisable by the 
naked eye, making the role of volcanism in major 
geological events obscure. Therefore, identification 
of cryptotephra and reconstruction of the volcanic 
activities are critical for understanding its influence on 
the environmental and biological evolution during major 
geological periods.

At present, volcanism identification methods are classified 
into the following three aspects: First, empirical visual 
recognition, a method useful for describing visible 
bentonites, but it is not suitable for the thin ash layers. 
Second, mineral composit ion and morphological 
characteristics, a method used to distinguish dispersed 
volcanic shards from aeolian minerals within ice cores, 
but it is difficult to apply to sediments due to the complex 
composition of sediments and the diagenesis. Third, 
special elements and their related isotopic signatures, 
such as Hg and Δ199Hg. However, volcanism is not the only 

cause of Hg anomalies, and the mismatching between the 
isotopic signatures and volcanic ash occurrence suggest 
this method requires further assessment. Is there a widely 
comparable indicator that identifies the volcanic material 
and thus indicates volcanism? Via analysis and correlation 
of the sources, diagenetic processes, and geochemical 
features of bentonites, we established a set of new 
geochemical fingerprints for cryptotephra identification 
within shales.

Our results demonstrate that Zr, Hf, Zr/Cr, Zr/Al2O3, Cr/
Al2O3, V/Al2O3, Ni/Al2O3, SiO2/Al2O3, and K2O/Rb were 
relatively reliable geochemical fingerprints of volcanic 
material input within shales, and useful in reconstructing 
the volcanic activities in the Lower Yangtze region during 
the O/S transition. These fingerprints indicate two stages 
of intensive volcanisms, during the middle–late Katian and 
at the Hirnantian/Rhuddanian transition, which were tightly 
coupled with the rapid biodiversity decline during middle-
late Katian and the second pulse of the Late Ordovician 
mass extinction (LOME), respectively. The relationship 
between intensive volcanism and the two pulses of the 
LOME further supports a volcanic stressor for the biotic 
crises (Figure 1). 

References
Yang, S.C., Hu, W.X., Fan, J.X., Deng, Y.Y. 2022. New geochemical 
identification fingerprints of volcanism during the Ordovician-Silurian 
transition and its implications for biological and environmental evolution. 
Earth-Science Reviews 228, 104016.
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Figure 1. Comprehensive histogram of volcanism and other geological events during the late Ordovician to early Silurian.



A visit to the UK
Ariana (Shuyi) Xu

Since 2020, when COVID-19 spread swiftly around 
the world, travel restr ict ions have been imposed 
worldwide, especially on international traveling. This has 
encouraged global citizens to embrace virtual meetings 
and conversations, eliminating geographical barriers and 
alleviating, to some extent, the isolation brought about by 
pandemic-related restrictions. 

The Deep-time Earth and Life 
Transnational Alliance (DELTA) 
was established under this 
context which has continued 
throughout  the past  year. 
From the first group webinar to 
meetings on research progress, 
from newsletter publications to website development, all 
and more were conducted virtually. Just as DELTA is a 
“transnational alliance”, we must learn to operate beyond 
national boundaries. Technology makes many aspects 
of such boundaries invisible, but we cannot deny that in-
person communications are also necessary for DELTA’s 
development. As a result, Junxuan and I decided to visit 
our UK partners in late 2022, with Norm and Jacquie 
joining us as well for some meetings.

Compared to entering China, going on an international 
business trip from China is easier given the circumstances 
present in November. Even though, we bought our flight 
tickets just few hours before the departure owing to the 
complexity of visa applications after COVID-19. Until the 
moment I sat on my plane seat, I didn’t believe we would 
be able to travel overseas.

Before our arrival in the UK, Junxuan and I went to Paris 
to participate in the “Deep-time Digital Earth” Open 
Science Forum on November 9th (see my summary in 
NEWS AND RESOURCES). On the 10th, Norm picked us 
up at London’s St. Pancras train station and we spent the 
following few days with Norm and Jacquie, adjusting to 
the time difference and preparing for our meetings.  

Our first scheduled stop was a visit to University College 
of London’s (UCL) Department of Earth Sciences, where 
we met with 1) Prof. Bridget Wade; 2) Prof. Paul Upchurch 
and Prof. Philip Mannion; 3) Prof. Graham Shields, Dr. 
Ying Zhou and their team. This was followed by the trip to 
the University of Bristol’s School of Earth Sciences, where 
we had meetings with 1) Prof. Philip Donoghue; 2) Prof. 
Mike Benton, Prof. Alison Rust and Prof. Laura Robinson; 
3) Prof. Dan Lunt; 4) Prof. Daniela Schmidt and Dr. James 
Witts. Then we visited 1) Prof. Roger Benson, Prof. Erin 
Saupe, Dr. Roger Close and their team members; 2) 

Ms. Louisa Bailey, Head of Administration and Finance 
of Oxford University’s Department of Earth Sciences, in 
Oxford.

All our meetings went well. Participants updated their 
research progress, followed by discussion of potential 
collaborations for the next 1-2 years. An introduction to 
Deep-time Digital Earth (DDE) program and a progress 
report on DELTA activit ies were also included. In 
some dialogues, we've also shared career and grant 
opportunities currently accessible at Nanjing University 
with our UK colleagues and students, which proved to be 
of special interest among many current UK PhD students 
in DELTA partner universities who are preparing to 
graduate soon.

These conversations provided a clear path for DELTA 
members to follow in the near future, especially in terms 
of collaborations and student training/exchange plans. 
As the DELTA Secretary, I felt warmly welcomed by all 
our friends/colleagues in the UK and gained a better 
understanding of our UK DELTA member institutions 
from the perspective of their history and culture as well 
as geography. For example, I visited the wooden cabinet 
at UCL which accommodates its spiritual father, Jeremy 
Bentham; had daily physical exercise thanks to the 
“altitude” of the University of Bristol and was impressed by 
the Oxford University Natural History Museum as well as 
by the Chinese restaurant nearby. Most importantly, it was 
my first time experiencing the UK’s endless rainy days, 
ticking another one of the items in my trip’s to-do list.

In addition to these meetings, thanks to Mike as well as 
his colleague, Laura Robinson’s help, Junxuan, Norm 
and I had an unexpectedly successful conversation with 
the Deputy Head of Bristol University’s International 
Office. During this meeting, we reached an agreement 
that International Office will work on organizing several 
institution-based pioneer projects in the near future (e.g., 
joint field training) and very possibly a double-degree MSc 
program. I believe once such projects commence, they will 
benefit a larger group of DELTA students and researchers.

10

RESEARCH ROUNDUP



The moment we stepped out of the 
Oxford’s Earth Sciences Department 
after our last meeting of the trip (with  
Head of Administration and Finance of 
Oxford University’s Department of Earth 
Sciences), the rain bucketed down, 
sending its congratulations on the 
successful completion of our UK visit.

Now, Junxuan and I have successfully returned to China. 
Norm and Jacquie are also set to return in February for 
the new semester. 

You might have read the recent news that China has 
relaxed its COVID-related curbs, restrictions, one of which 
worth mentioning is that visitors to China will no longer 
need to show a negative COVID test result or health code 
before boarding. Quarantines after entry to China were 
also cancelled. Although we are currently plagued by a 
surge in positive COVID cases across China, I personally 
view these developments with optimism as they will 
especially benefit DELTA in terms of international travel 

and communications.

Based on our November visit and the relaxation of China’s 
COVID travel restrictions, I think one of our keywords for 
the next year should be “outreach”. 

On the one hand, outreach can apply to any one of us as 
we reach out to other DELTA members and/or member 
institutions. For example, after continuous conversations 
and confirmations in November with partner supervisors, 
the NJU team has decided to send three students in 
2023 to visit other partner institutions, to take advantage 
of study opportunities and carry out research activities. 
Also, one Oxford University student is planning to come 
to China and work with Prof. Xiangdong Wang at NJU. 
We also hope such relaxed restrictions will encourage our 
other UK and European colleagues and students to plan 
trips to China on a regular basis. On the other hand, for 
the next year outreach can also mean reaching out to the 
wider community, expanding DELTA’s influence attracting 
additional partners to join us in the near future. 
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NEWS AND RESOURCES
News

DDE Open Science Forum 2022 was 
convened in France in November

The Deep-time Digital Earth (DDE) Open Science Forum, 
co-organized by UNESCO, IUGS and DDE, was held 
at UNESCO Headquarters, Paris, France on November 
9th, 2022. The Forum was attended by more than 150 
participants, including DDE members, working groups and 
task forces and representatives of several international 
organizations, as well as UNESCO member states.

The Deep-time Digital Earth (DDE) (https://www.ddeworld.
org/) is the first Big Science Program recognized by the 
International Union of Geological Sciences (IUGS). It is 
an innovative, internationally-funded program with the 

ambition to harmonize global deep-time Earth data and 
share global geoscience knowledge.
This Forum began with opening remarks given by Dr. 
Shamila Nair-Bedouelle, Prof. Michel Spiro and Prof. 
Jennifer McKinley respectively on behalf of UNESCO, 
International Year of Basic Sciences for Sustainable 
Development (IYBSSD) and DDE. These were followed 
by four technical sessions: 1) Implementing UNESCO 
Open Science Recommendation with FAIR (Findable, 
Accessible, Interoperable and Reusable) principles; 2) 
Geosciences Contributions to Addressing Emerging 
Global Environment and Development Challenges; 
3) DDE Platform: Infrastructure, Data Sharing and 
Data Sciences Tools; 4) Geo-Literacy: Raising Public 
Awareness and Societal Relevance of Geosciences. One 

of our DELTA members, 
Prof. Junxuan Fan, gave 
the keynote presentation 
on how the combination 
o f  supe rcompu te rs , 
algorithms and massive 
fossil and stratigraphic 
datasets have made it 
possible to significantly 

improve the time resolution of biodiversity evolution during 
earth’s history.
A more detailed report is available at: 
https://www.ddeworld.org/news/detail/190



China’s lifting of several major 
Covid-related entry restrictions

On December 26, Chinese authorities announced the 
lifting of several major Covid-related entry restrictions that 
take effect on January 8. 
Here is a summary in the major changes:
1. Travelers heading into China are required to take ONE 
nucleic acid test within 48 hours prior to departure and 
those with negative results need to fill in the results in their 
customs health declaration forms. 
2. Quarantine after entering China is no longer required.
For more enquiries, please contact Ms. Ariana Xu (ariana 
xu@nju.edu.cn).

Career Corner 
Assistant/Associate Professor, School 
of Earth Sciences and Engineering, 

Nanjing University, Nanjing, China
The School of Earth Sciences and Engineering (SESE), 
Nanjing University (NJU), seeks outstanding young talents 
worldwide for six tenure-track Assistant Professors, 
and Associate Professors (no more than two Associate 
Professors) in the following fields:
(1) Earth's deep process and dynamics
(2) Formation and prediction of critical mineral resources
(3) Earth system processes and global change
(4) Human activities and prevention of environmental 
disasters
(5) Evolution of terrestrial and planetary habitability
(6) New technology in Earth and planetary sciences
(7) Green exploitation and efficient utilization of geological 
resources 
Eligibility:
 A doctorate degree in palaeontology or stratigraphy.
 Aged under 35.
 Demonstrated potential for excellence in  undergradu-
      ate and graduate instruction and mentoring.
 Demonstrated research experience as evidence by a 
      record of publication in peer-reviewed publications.
Applicants should include 1) a CV (including a list of 
publications); 2) a Cover Letter stating applicant’s 
research field and applied position; 3) statements of 
research achievements and originality; 4) statements of 
research plan and goals; 5) three reference letters; 6) 
certificate of teaching experience. Applications should be 
submitted electronically to Ms. Jin Yao (earthrs@nju.edu.
cn) no later than Febrauary 27, 2023.
The successful applicant wil l be provided with 1) 
competitive salary: annual salary will be commensurate 
with work experience and research performance; 2) 
competitive startup funding: all newly hired tenure-track 
faculty members will be provided with sufficient startup 

funding and necessary research infrastructures; 3) recruit 
master and doctoral students; 4) housing subsidies and a 
faculty apartment for rent or sale with a special discount; 
5) preferential policies in children’s education and etc; 6) 
housing fund.
For more information, please contact Ms. Ariana Xu
(ariana.xu@nju.edu.cn).

Grant Opportunities
NSFC Excellent Young Scientists

Fund (Overseas)
The Excellent Young Scientists Fund aims to attract 
and encourage overseas outstanding young scholars 
(including non-Chinese expatriates) who have made 
great achievements in the natural sciences, engineering, 
technology, and other similar fields to work in the PRC. 
The fund encourages young talent to conduct innovative 
research in their respective research direction, promotes 
the rapid growth of young scientific talent, cultivates a 
number of outstanding scholars in the frontiers of science 
and technology in the world, contributes to building the 
PRC’s strength in science and technology.
The funding amount is RMB 1-3 million for 3 years.
Applicants of Excellent Young Scientists Fund (Overseas) 
should meet the following qualifications: 1) Abide by the 
laws and regulations of the People's Republic of China, 
have good scientific ethics and consciously practice the 
scientific spirit in the new era; 2) Have a date of birth on 
or after January 1, 1983; 3) Have a doctorate degree; 
4) The research mainly focuses on natural science, 
engineering technology, etc.; 5) Before March 15, 2023, 
the applicant should have obtained a formal teaching 
or research position in an overseas university, scientific 
research institution, or corporate R&D institution, with 
work experience of more than 36 consecutive months; for 
those who have obtained a doctorate degree overseas 
with particularly outstanding performance, the limitation 
of work experience may be appropriately relaxed; 6) The 
applicant shall have obtained the achievement of scientific 
research or technology recognized by peer experts, and 
have the potential of becoming an academic leader or 
outstanding talent in related fields; 7) The applicant who 
has not yet returned (or come) to work in China on a full-
time basis, or returned (came) to work in China after 
January 1, 2022, must resign from the overseas work or 
have no work overseas after being notified of the grant of 
funding and return (come) to work in China full-time for at 
least 3 years.
Qualified applicants can sign a work contract or an 
agreement of intent with supporting institutions (including 
Nanjing University) in accordance with the requirements 
of the programme guidelines, and log in the information 
system(https://isisn.nsfc.gov.cn/) after January 15, 2023 
to fill out the application form.
For more information, please contact Ms. Ariana Xu
(ariana.xu@nju.edu.cn).
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