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of geoscience during the first ten years of Geoscience Frontiers

When early explorers first crossed the Platte River in what is
now Nebraska (USA), it was said the river was “a mile wide and
an inch deep” (Mokler, 1923; Smith, 1971). This phrase was used
to describe not only the difficulty in crossing the river but also in
navigating its length. The trouble with a river being too wide is
the risk that it won’t provide the depth necessary to be useful.
The same thing can be said of multidisciplinary scientific journals.
While a journal can claim to be multidisciplinary, there is a risk of it
being so broad that its articles can only engage the reader at a su-
perficial level. Nothing could be further from the truth with Geosci-
ence Frontiers. Over the past ten years, this journal has successfully
navigated the wide breadth of geoscience while providing a level of
depth and detail that rivals discipline-specific journals.

From humble beginnings, Geoscience Frontiers quickly rose to
prominence and has maintained an impact factor above 4 for the
past three years. Under the direction of Prof. Xuanxue Mo and Prof.
M. Santosh, and a multinational editorial board, the journal has
attracted articles from a wide array of prominent scientists.
Currently, Geoscience Frontiers is ranked in the top 10% of multidisci-
plinary geoscience journals worldwide by the Thomson Reuters In-
Cites Journal Citation Reports. This Virtual Special Issue has been
put together to celebrate the 10th Anniversary of Geoscience Frontiers
and highlights the breadth and depth of the scope of the journal.

As our understanding of the Earth grows, the fields of geosci-
ence reveal a profound level of interconnection. The future of geo-
science is consequently integrative and as geoscientists, we have an
opportunity to reap the benefits of the synergy a multidisciplinary
geoscience journal provides. The future of our planet also requires a
responsible use of the Earth’s resources and the protection of its en-
vironments that make up the biosphere, atmosphere, hydrosphere
and geosphere. Geoscientists are key custodians in this role, not just
in scientific research, but in dissemination of this science to the
public and to the policy-makers. Peer-reviewed journals provide
the major route for the publication of scientific results, and have
a major role to play in scientific communication, dissemination
and discussion. Geoscience Frontiers is a forward-thinking, free-to-
all, open-access journal that promotes the publication of research
from all nations and is accessible around the world. With Geosci-
ence Frontiers we can be confident that we are ‘doing our part’ for
the progression of science.

Articles in this issue have been selected from sub-disciplines
spanning the spectrum from modern methodologies of machine
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learning and geochronology to climate change and early Earth geo-
dynamics. The articles are organized into categories with time-
scales spanning from the Anthropocene to the Hadean. In the
area of Anthroprogenic geoscience, Geographic Information System
(GIS) techniques are widely adopted across all fields. In
Prasannakumar et al. (2012), they were used to determine the
vulnerability of forested mountain regions to soil erosion in India.
Machine learning is another fundamental scientific technique
that is rapidly becoming a major tool across all fields of geoscience.
The concept of machine learning is explored in the realm of geosci-
ence and remote sensing by Lary et al. (2016). Climate change is one
of the biggest scientific topics of our time, and its effect on the sea-
sonal Asian monsoon is evaluated using decadal variation of precip-
itation and temperature in Loo et al. (2015).

Two tools common to many articles in Geoscience Frontiers are
thermochronology and geochronology, which allow us to place ab-
solute constraints on the rates and timing of geological processes
deep into Earth history. Glorie and De Grave (2016) use low-
temperature thermochronology to explore the exhumation of the
Tianshan and Altai-Sayan mountain systems, and Vermeesch
(2018) provides a free, flexible, user-friendly, and future-proof plat-
form (IsoplotR) to analyze and visualize geochronological data.

Plate tectonics is, without question, the most important geolog-
ical paradigm of the twentieth century. Following its widespread
acceptance in the late 1960s and 1970s and the continued develop-
ment of models and intricacies throughout the 1980s to 2000s, the
past decade has witnessed significant debate over major questions
regarding this paradigm. Questions such as when did plate tec-
tonics begin, what did Earth’s geodynamic regime look like before
plate tectonics, and how has the volume of continental crust
changed over time? Geoscience Frontiers has provided a platform
for key articles contributing to these debates. How tectonics may
have evolved in the Hadean is discussed by Maruyama et al.
(2018), who propose that the bombardment of chondrites and the
addition of volatiles from these extraterrestrial bodies played a
key role. The tectonics of the late Paleozoic is compiled into a full
plate model by Domeier and Torsvik (2014), in a major compilation
of paleomagnetically constrained paleogeographical data. The tec-
tonic ‘dynasty’ of the Central Asian Orogenic Belt (CAOB) has
been a major player in our understanding of accretionary tectonics;
Xiao et al. (2014) provide a review of suture zones in the southern
part of the CAOB.

Lid tectonics is the current major paradigm for early Earth his-
tory. Lid tectonics or ‘stagnant lids’ are now much debated and
modelled. Bédard (2018) provides a comprehensive review of their
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origin and geochemistry, and proposes models for their existence in
the Archean Earth. Stern et al. (2018) discuss the role of plate versus
lid tectonics in planetary geology and provide a new classification
termed the Tectonic Activity Index. Condie et al. (2016) discuss
the geochemistry of mantle-derived rocks formed in the time
period of the Archean—Proterozoic boundary, an interval
commonly invoked as marking the transition from a lid tectonic
to a plate tectonic regime.

The continental crust forms the archive of Earth history, pro-
vides the substrate on which we live and thrive, and hosts most
of our natural resources. Yet the timing and mechanisms for forma-
tion of the continental crust host lively debate. One of the major
paradigms of the last decade is the recognition that the geological
record of continental crust is likely to be significantly biased.
Spencer et al. (2015) test the hypothesis that major continental col-
lisions bias the preservation of continental crust created during
phases of supercontinent amalgamation. Zhai (2014) reviews the
formation of the North China Craton, demonstrating major crustal
growth at 2.7 Ga through the amalgamation of continental micro-
blocks, and major reworking at 2.5 Ga. In addition to its formation,
the destruction of continental crust has also become an important
facet of our understanding of Earth history. Kawai et al. (2013)
discuss how continental crust is subducted at plate margins and
forms a ‘second continent’ at the mantle transition zone.

Our understanding of plate tectonics and the formation of con-
tinental crust is now intimately linked to the supercontinent cycle.
This largely accepted phenomenon of Earth evolution is one of the
most important paradigms of the last decade and plays a critical
role in the evolution of not only the geosphere, but also the hydro-
sphere, atmosphere and biosphere. Nance and Murphy (2013) pro-
vide a thorough review of the supercontinent cycle model, and its
origin through the literature. Meert (2014) examines a particular
aspect of the supercontinent cycle, namely that certain continents
seem to repeatedly amalgamate in certain arrangements, while
others lack any consistency in supercontinent reconstructions.
Young (2013) documents the correlation between major environ-
mental changes during Earth history and their links to the super-
continent cycle, highlighting the importance of impact tectonics
on Earth’s climate, and how the interplay of these processes pro-
vided the backdrop for the evolution of life. Roberts (2013) provides
a review of global tectonics during the ‘boring billion’ (ca. 1.6 Ga to
0.6 Ga), a time traditionally perceived as a period of atmospheric
and biotic stability, but which witnessed the transition from the
Columbia (Nuna) supercontinent to the Rodinia supercontinent.

Mafic rocks are important to our understanding of the formation
of oceanic crust and its involvement in plate collision. They also pro-
vide windows into geochemical processes of the mantle. Saccani
(2015) provides a thorough review of basaltic chemistry and a new
discrimination diagram for differentiating post-Archean ophiolitic
basalts. The formation of Large Igneous Provinces (LIPS) is an impor-
tant aspect of Earth history, providing resources such as critical
metals, and impacting the climate in a profound way. Shellnutt
(2014) provides a synthesis of the late Permian Emeishan LIP and dis-
cusses its role in affecting Earth’s biota.

Metamorphic rocks are critical to our understanding of the
behavior of continental crust during plate collision, and allow us
to track how mountain belts have evolved through time. Brown
(2014) provides a comprehensive review of the contribution that
metamorphic petrology has made to our understanding of the
Earth’s lithosphere, and how the continental crust has formed
and behaved through geologic time. Kelsey and Hand (2015) pro-
vide a review of ultra-high temperature metamorphism, describing
the tools used to understand the pressure-temperature history of
such rocks, and explaining the formation of these rocks in terms
of plate tectonics. Metamorphic petrology now relies heavily on

pseudosection analysis based on thermodynamics. Palin et al.
(2016) present a model whereby the geological uncertainty of
such pseudosections can be quantified, thereby providing an esti-
mate of precision that can be translated to geological models.

Understanding mineral systems is critical to the exploration and
extraction of Earth’s limited mineral resources. Models for the for-
mation of mineral deposits continue to be refined and debated. Two
articles in this issue discuss the gold and rare earth mineralization.
Smith et al. (2016) demonstrate metasomatically enriched litho-
sphere are the most plausible source of rare earth mineralization
and that it is through hydrothermal and weathering processes
that the highest grade ore is formed. Groves and Santosh (2016)
provide a unified model for orogenic gold deposits formed from
such fluid sources, and argue that the model can be applied to all
orogenic gold systems.

We hope that the articles in this Virtual Special Issue of Geosci-
ence Frontiers demonstrate both the depth and breadth of geosci-
ence disseminated through this open-access journal, and inspire
both established and early career authors to contribute to this
rapidly growing journal.
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