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Stabilized Earth’s cratons through episodic,
felsic magmatism during Paleoarchean
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Nuclear volume efects in Kinetic isotope fractionation:
A case study of mercury oxidation by chlorine species

341

AL

1. B T ORE, Bl 610059;

2. EBEEGE HERILEHTTURT, S ™ 5 4 I = e %,

It is well-known that the equilibrium isotope
fractionation of mercury (Hg) includes classical
mass-dependent fractionations (MDFs) and nuclear
volume efect (NVE) induced mass-independent
fractionations (MIFs). However, the efect of the NVE
on these kinetic processes is not known. The total
fractionations (MDFs + NVE-induced MIFs) of several
representative  Hg-incorporated  substances  were
selected and calculated with ab initio calculations in
this work for both equilibrium and kinetic processes.
NVE-induced MIFs were calculated with scaled contact
electron densities at the nucleus through systematic
evaluations of their accuracy and errors using the
Gaussian09 and DIRACI19 packages (named the
electron density scaling method). Additionally, the
NVE-induced kinetic isotope efect (KIE) of Hg isotopes

H1FH 550081

are also calculated with this method for several
representative Hg oxidation reactions by chlorine
species. Total KIEs for ***Hg/'”*Hg ranging from
—2.27 %0 to 0.96 %o are obtained. Three anomalous
*Hg-enriched KIEs (0> *Hg/'**Hg=0.83 %o, 0.94 %o,
and 0.96 %o, ) caused by the NVE are observed, which
are quite diferent from the classical view(i.e., light
isotopes react faster than the heavy ones). The electron
density scaling method we developed in this study can
provide an easier way to calculate the NVE-induced
KIEs for heavy isotopes and serve to better understand
the fractionation mechanisms of mercury isotope
systems.

Kinetic

Key words: Nuclear volume efect;

fractionation; Hg isotopes; Ab initio calculations
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Deciphering a complex Neoarchean-Paleoproterozoic
collisional history between the Kaapvaal and Zimbabwe
Cratons: new constraints from polyphase deformation of the
Central Limpopo Belt, southern Africa
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The Limpopo Belt of southern Africa is a classical
Paleoproterozoic orogenic belt that is believed to have
resulted from the collision between the Kaapvaal and
Zimbabwe Cratons. Previous studies have primarily
focused on geochronology, petrology, and geochemistry
of different rock assemblages, resulting in a general
tectonic framework indicating at least two significant
tectonothermal  events from  Mesoarchean to
Paleoproterozoic. However, the spatial and temporal
relationships between these events, as well as their
overall structural patterns in the field, are poorly
understood. The Central Limpopo Belt contains the best
lithological exposures of different ages, making it the
most promising area for detailed structural mapping and
analysis, and for gaining a better understanding of these
issues. Based on the detailed field-based structural
analyses, four generations of deformation were
identified. The earliest D1 deformation is characterized
by the penetrative S1 foliations only preserved within
the 3.6~3.4 Ga anorthosites that now occur sporadically
as xenoliths or boudins in the highly deformed 2.9~3.3
Ga Sand River gneiss. S2 are penetrative gneissic
foliations that were extensively developed in the Sand
River gneiss and were intensively superimposed by
subsequent deformations into tight to isoclinal folds.
After restoration of their attitude, S2 foliations strike
NW-SE and dip steeply to SW at high angles, indicating
that the D2 deformation experienced a roughly
NE-SW-oriented compression between 2.9~2.6 Ga. D3
deformation resulted from significant NW-SE-oriented

H X BRBI#REEINH (42025204, 41890831, 41902191)

compression that intensively superimposed the earlier
S2 fabrics into vertically inclined isoclinal folds and
tectonites S3-L3. Strain measurements on these
tectonites indicate that all pre-existing rock assemblages
were stretched or sheared along the vertical orientation,
resulting in the development of numerous sheath folds
in the Sand River gneiss and 2.6~2.7 Grey gneiss.
Associated with the zircon ages from anatexis melts,
the D3 deformation most likely occurred at 2.1~2.0 Ga.
SHRIMP U-Pb zircon age dating recorded these two
metamorphic ages of~2.6 Ga and 2.0 Ga on a single
zircon of the foliated Sand River gneiss. A regional large
scale inclined open fold F4 gently refolded the D1-D3
fabrics and marked the final deformation of the Central
Limpopo Belt, occurring sometime after~2.0 Ga.

Detailed of this study, in
combination of geochronological and
metamorphic data lead us to propose that the~2.65 Ga
and~2.0 Ga tectonothermal events occurred under
different tectonic The~2.65 Ga
tectonothermal event developed coevally with D2
deformation and high-grade metamorphism during the
NE-SW collisional event. In contrast, the~2.0 Ga
tectonothermal event occurred during a NW-SE-
oriented collisional event between the Kaapvaal and
Zimbabwe Cratons, resulting in the formation of the
major Limpopo tectonic linear belt seen today.

structural data
available

environments.

Key words: Archean; Limpopo Belt; Deformation;
Structural evolution; Tectonics
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Differentiation of Enstatite chondrite-like
planetesimals and planetary embryos
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Enstatite chondrites (E-chondrite) exhibit isotopic
signatures remarkably consistent with those of Earth,
suggesting their potential as analogous materials to the
building blocks of our planet 1, 2, 3. The impactors
similar as E-chondrites that contributed to the accretion
of the proto-Earth are believed to have undergone
differentiation4, 5. However, the differentiation of
planetesimals mechanism for metal
segregation, which is challenging given the small size
of planetesimals and the absence of gravity triggered
permeable flow. Partial melting of silicates may be
necessary for this The high melting
temperature of MgSiO; raises doubts about whether the
heat sources from short-lived decay systems are
sufficient to melt the E-chondrite-like planetesimals.
This study present high pressure melting experimental
results on Enstatite chondrite Sahara 97 096 and
computerized tomography analyses of metal segregation

requires a

process.

under various conditions. Thermodynamic calculations
indicate that heating by the decay of the *°Al-**Mg
system can sufficiently increase temperatures to melt
over 20 % of the silicate in Sahara 97 096, thereby
initiating metal-silicate segregation. We infer that the
parent body of Sahara 97 096 was likely smaller than
12 km, where efficient heat conduction kept the
planetesimal cold enough to avoid thermal metamorphism.
Impactors contributing to the accretion of the proto-
Earth should have been larger, potentially undergoing
“core-mantle” differentiation. Large planetary embryos,
comparable in size to the Moon, are expected to have
formed a core and a magma ocean very early in their
history and would have cooled down subsequently.

Key words: Enstatite Chondrite; the building
blocks of the Earth; High pressure and high temperature
experiment; differenciaiton
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Mesoarchean—Neoarchean coupled crust—-mantle
differentiation followed by gravity-driven lithospheric
delamination and subduction initiation in the
North China Craton

pAE=3

o E SR B TSI, dEs 100037

The geodynamic regime that formed Archean
silicic continental crust is unclear. The episodic
Archean TTGs (tonalite—trondhjemite—granodiorite
rocks) and associated granitoids, with emplacement
ages of ca. 2.9, 2.7, and 2.5 Ga, occurred in the Jiaobei
Terrane, North China Craton (NCC), provide a
continuous record of the formation of the Mesoarchean—
Neoarchean silicic continental crust. To investigate the
crust-mantle differentiation, crustal reworking and
recycling, and geodynamic regime associated with
formation of the Mesoarchean-Neoarchean silicic
continental crust, we undertook zircon U-Pb dating and
Hf-O isotope, and whole-rock major and trace element
analysis of Archean TTGs and associated granitoids.
The episodic Archean TTGs and juvenile crust
coexisted spatially- temporally in the Jiaobei Terrane,
indicating synchronous
differentiation of crust and mantle. In addition, the ca.
2.9 and 2.7 Ga TTGs have an identical Mesoarchean
juvenile crustal source and similar mantle-like zircon
6"%0 values, whereas the ca. 2.5 Ga TTGs were derived
mainly from younger Neoarchean juvenile -crust,
indicating removal and replacement of the Mesoarchean
juvenile lower crust. Some ca. 2.5 Ga TTGs, granitic
gneisses, and sanukitoids have markedly higher zircon
580 values compared with mantled'®*O values, which

Mesoarchean-Neoarchean

are indicative of Neoarchean supracrustal recycling.

HemH: HEAREEIHE (42172218)

Consequently, we can constrain the geodynamic
processes responsible for the formation of the
Mesoarchean-Neoarchean silicic continental crust in the
Jiaobei Terrane, NCC. Episodic hot upwelling mantle
(or plume)-lithosphere interactions at ca. 2.9, 2.7, and
2.5 Ga resulted in coupled crust-mantle differentiation,
which produced the TTGs, juvenile crust, and dense
lower Subsequently, lithospheric
delamination triggered by gravitational instability
occurred followed by continental uplift, subduction of
altered oceanic crust, and upwelling of asthenosphere
and mantle-derived mafic melts. This resulted in
anatexis and  metamorphism  with
anticlockwise P-T paths in the middle to lower crust at
ca. 2.5 Ga. Furthermore, following the large-scale
melting and cooling of the mantle, a thick, stable,
cratonic lithosphere had likely developed by the end of
the Neoarchean. The geodynamic processes during the
Mesoarchean-Neoarchean were diverse, and episodic
hot wupwelling mantle (or plume) -lithosphere
interactions could have been responsible for the
formation of Archean silicic continental crust in the
Jiaobei Terrane, NCC.

crustal restites.

extensive

Key words: Archean silicic continental crust;
Archean TTGs; Archean geodynamic regime; North
China Craton; supracrustal recycling
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