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Figure 1 Comparison between habitable and inhabitable planets
implies the key role of a dynamic planetary interior in developing
planet’s habitability. Modified after Ref. [3]
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Figure 2 Climate changes and tectonism throughout the Earth’s history. Modified after Refs. [8,11]. (a) Neo-Proterozoic snow ball; (b) ice age and
great oxidation events through Earth’s history; (c) super-continents and plate tectonic evolution. F-LIP, Franklin large igneous province; GOE, Paleo-
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Figure 3 Schematic illustration of material and energy exchanges between deep Earth and surface spheres, modulated by deep processes
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Bl 4 2ERIOKUEEER 36 () BPUKILIBTZ (b) 5 4 Y RK L4 FR ()
Figure 4 Schematic illustration of global distribution of large igneous provinces (a), and relationship between super-volcanic eruption (b) and mass
extinction (c)
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Figure 5 Schematic illustration of high-degree partial melting of the upper mantle in three tectonic scenarios: Mantle plume (a), subduction zone (b)
and slab-mantle plume interaction (c)
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Figure 6 Conceptual model showing new deep Earth engine and
aerobic movement. Modified after Ref. [59]. The physio-chemical rule
of elements in the deep lower mantle (>1800 km, >75 GPa) is different
from in the shallow level. Specifically, hydrogen and oxygen are
separated during deep water cycling, which may represent the driving
forces of mantle Earth processes. Blue water drops denote downwelling
of hydrous minerals along with subduction of slab. Water oxidizes
minerals of deep lower mantle, releasing hydrogen (green upwelling
symboles) and accumulating oxygen (red). When accumulated oxygen
surpasses the threshold, oxygen eruption occurs, forming superplume.
When oxygen-rich materials arise to the base of the lithosphere, large
degree of partial melting takes place, giving rise to the large igneous
provinces
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Earth’s habitability driven by deep processes
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Earth is the only habitable planet in the solar system with life. The Earth has two major characteristics that distinct itself
from all the inhabitable planets: One is that it has an active interior, and the other is that it has plate tectonics, where the
former is a prerequisite for the latter. The energy related to the convection, cooling and exothermic processes of the core
and mantle is about 34—66 TW, which supports the operation of the entire plate tectonic system. Once the energy inside the
Earth is exhausted, the plate tectonics will cease accordingly. From the perspective of material composition, more than 90%
of elements such as carbon, hydrogen, and oxygen that have a decisive impact on the habitable environment on the surface
are essentially stored in the deep Earth. Therefore, a slight “turbulence” in the deep Earth will profoundly affect the Earth’s
surface system, resulting in deformation and metamorphism, resource enrichment, and dramatic changes in climate and
environment on the geological time scale. The dynamism of Earth’s interior not only directly leads to the development of
deep megastructures such as the large low shear velocity provinces of the core-mantle boundary and the core engine, but
also gives rise to a series of major events in geological history as the primary driving force, such as the growth of
continental crust, the initiation of plate tectonics, continental aggregation and breakup, Great Oxidation Event, Snowball
Earth, large igneous provinces, life explosions, and mass extinctions. Therefore, the deep Earth is the operation engine of
the entire Earth system. Only by grasping this crucial Earth’s engine and unraveling the linking mechanism between
internal spheres and exospheres of the Earth represents can we effectively reveal the nature of the interaction of different
layers in the Earth system and promote the development of Earth system science. This paper suggests following research
themes in future: Early Earth, geomagnetic field, volatile cycling, supervolcanoes, new chemical reaction in deep interior
and geo-air conditioning.

Earth’s habitability, deep engine, deep Earth processes, interactions between the Earth spheres, Earth system
science
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