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Liu J, Hirano N, Machida S, et al. Melting of recycled ancient crust responsible for the (%rg
discontinuity[J]. Nature communication, 2020, 11: 172.
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ABSTRACT: A discontinuity in the seismic velocity associated with the lithosphere-asthenosphere
interface, known as the Gutenberg discontinuity, is enigmatic in its origin. While partial mantle
melts are frequently suggested to explain this discontinuity, it is not well known which factors
critically regulate the melt production. Here, we report geochemical evidence showing that the melt
fractions in the lithosphere-asthenosphere boundary were enhanced not only by accumulation of
compacted carbonated melts related to recycled ancient marine sediments, but also by partial
melting of a pyroxene-rich mantle domain related to the recycled oceanic eclogite/pyroxenites. This
conclusion is derived from the first set of Mg isotope data for a suite of young petit-spot basalts
erupted on the northwest Pacific plate, where a clearly defined Gutenberg discontinuity exists. Our
results reveal a specific linkage between the Gutenberg discontinuity beneath the normal oceanic

regions and the recycling of ancient subducted crust and carbonate through the deep Earth.
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Figure 1. Schematic cross-section of the oceanic mantle illustrating potential mechanisms that could
concentrate partial melts below the oceanic LAB. The G discontinuity (bold dark blue lines) corresponds
to the melt layer enhanced by the stagnation of partial melt at the base of the lithosphere. The dark gray
lenses show pyroxene-rich heterogeneities due to recycling of ancient crustal materials. They will
develop melt pockets in the shallow LVZ (yellow lenses) due to different scale of upwelling of the
asthenosphere at ridges, hotspots or near the subduction zone4, and stretched horizontally due to the
mantle flow!!. Beneath the old oceanic lithosphere where petit-spot basalts erupted, two end-members
of recycled components (recycled carbonated marine sediments and the recycled oceanic
eclogite/pyroxenite) contribute to the formation of partial melts that finally generate melt layers beneath

the LAB and cause the origin of the G discontinuity. See the text for the details of the model.
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Troyano M, Fournier A, Gallet Y, et al. Imprint of magnetic flux expulsion at the core-mantle
boundary on geomagnetic field intensity variations|J]. Geophysical Journal International, 2020,

221(3): 1984-2009.
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ABSTRACT: During the last decade, rapid or extreme geomagnetic field intensity variations
associated with rates greater than the maximum currently observed have been inferred from
archeomagnetic data in the Near-East and in Western Europe. The most extreme events, termed
geomagnetic spikes, are defined as intensity peaks occurring over a short time (a few decades), and
are characterized by high variation rates, up to several uT/yr. Magnetic flux expulsion from the
Earth’s outer core has been suggested as one possible explanation for these peaks but has not yet
been examined in detail. In this study, we develop a two dimensional kinematic model for magnetic
flux expulsion whose key control parameter is the magnetic Reynolds number Rm, the ratio of
magnetic diffusion time to advection time. This model enables the tracking of magnetic field lines
which are distorted and folded by a fixed flow pattern. Two processes govern the magnetic evolution

of the system. The first one is the expulsion of magnetic flux from closed streamlines, whereby flux



gradually concentrates near the boundaries of the domain, which leads to an increase of the magnetic
energy of the system. If the upper boundary separates the conducting fluid from an insulating
medium, the second process takes place, that of diffusion through this interface, which we can
quantify by monitoring the evolution of the vertical component of magnetic induction along this
boundary. It is the conjunction of these two processes that defines our model of magnetic flux
expulsion through the core-mantle boundary. We analyse several configurations with varying flow
patterns and magnetic boundary conditions. We first focus on flux expulsion from a single eddy.
Since this specific configuration has been widely studied, we use it to benchmark successfully our
implementation against analytic solutions and previously published numerical results. We next turn
our attention to a configuration which involves two counter-rotating eddies producing an upwelling
at the center of the domain, and comprises an upper boundary with an insulating medium. We find
that the characteristic rise time and maximum instantaneous variation rate of the vertical component
of the magnetic field that escapes the domain scale like and , respectively. Extrapolation of these
scaling laws to the Earth’s regime is compared with various purported archeointensity highs reported
in the Near-East and in Western Europe. According to our numerical experiments magnetic flux
expulsion is unlikely to produce geomagnetic spikes, while intensity peaks of longer duration (one

century and more) and smaller variation rates appear to be compatible with this process.
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Figure 1. Instantaneous rate of change of the intensity of the field generated by flux expulsion as a
function of the characteristic velocity of the fluid in the Earth’s core and the characteristic scale of the
process in the core, given for different initial intensity and magnetic diffusivity. Urms is the root mean
square velocity at the top of the core. The solid lines represent some constant rates of change. The dashed
lines give different values of tmax corresponding to half of the total duration of the expected peak of

intensity induced by flux expulsion at the CMB.
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Pichevin, L. E., Ganeshram, R. S., Dumont, M. (2020). Deglacial Si remobilisation from the deep-
ocean reveals biogeochemical and physical controls on glacial atmospheric CO; levels. Earth and
Planetary Science Letters.543, 116332
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ABSTRACT : During the last glacial period, the sluggish deep Ocean circulation sequestered
carbon into the abyss leading to the lowering of atmospheric CO». The impact of this redistribution
on biologically essential nutrients remains poorly constrained. Using sedimentary &°°Si of diatoms
and biogenic accumulation rates in the Eastern Equatorial Pacific (EEP), we present evidences for
the remobilisation of dissolved Silica (DSi) along with carbon from the deep ocean during the Last
Deglaciation. Because DSi is essential for diatoms growing in the surface ocean, its concentration

10
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in the abyss during the glacial periods amounts to a negative feedback on the oceanic CO; uptake.
However, this effect can be muted by the increased Fe inputs during glacial periods which reduces
diatom Si requirements in Fe limited regions such as the EEP. Our results from the EEP suggest that
the efficiency of the biological CO, pump and the size of the local CO> source is tightly controlled
by changes in DSi utilisation driven by Fe availability across the last glacial-interglacial transition.

We use a modified PANDORA box model to illustrate that the inventory of DSi in the global
ocean surface is controlled by Fe availability in HNLC areas rather than by straightforward Si supply
though upwelling. The Holocene is characterised by a fast mode of Si cycling driven by high
biological requirement for Si under conditions of iron limitation and efficient overturning,
promoting CO; outgassing and an inefficient biological C pump via the rapid exhaustion of DSi in
the surface. The last glacial period saw slower marine Si cycling as a result of decreased DSi
biological requirement under Fe-replete conditions in the sea surface and increased Si and CO»
sequestration in the abyssal ocean. The switch between the two modes of Si cycling happened at 15
ka BP, i.e. mid-deglaciation, and resulted in contrasting biological carbon drawdown responses in
the EEP and globally between both phases of the deglacial CO; rise. This illustrates that in addition
to deep-sea CO; storage and overturning, the efficiency of the biological pump also plays a crucial
role in determining ocean-atmosphere CO, exchange and shows the dual controls of ocean

circulation and Fe-Si availability in this process.
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Figure 1. (A) Map of modern sea-atmosphere _PCO- (uatm) showing the eastern equatorial pacicif (EEP)
CO; source hot spot. Stars mark the core locations (ODP 1240, ODP 846, VNTR01-8PC and PC72) and
the box shows the area where the 6 sedimentary archives used to build the export production stack records
were retrieved. (B) Silicic acid relative utilisation reconstructed from sea water samples (black circle)
and core tops (solid black line, modern time) and glacial age sediment (doted lines) compared with
Nitrate relative utilisation from sea water samples (red squares Rafter and Sigman (2016)) and sediment
core tops (red line, modern) and with dissolved Fe concentration in the mixed layer (black cross) (Kaupp
et al., 2011; Ahlgren et al., 2014). The relative utilisation is calculated using the Rayleigh
fractionationation model from N and Si isotopic signals obtained in both core top and sea-surface water
samples. Both data sets are in good agreement (see Sup. Mat.). (For interpretation of the colours in the
figure(s), the reader is referred to the web version of this article.) Warming and reduction in herbivory
increase GPP and ecosystem CO; uptake potential. Left hand and middle panels show the variation in
daytime CO- fluxes: a, b net ecosystem exchange NEES8QO, d, e gross primary production GPP800, and
g, h ecosystem respiration Re in warmed (red) and ambient (blue) field plots of Subarctic mountain birch
forest field layer vegetation (supplemented with cloned birch plantlets) during growing seasons 2017 and
2018 (dots are estimated marginal means *+s.e.m. produced by the fitted statistical model in Table 2; n
=5 field plots). Right hand panels show seasonal means *s.e.m. of ¢ NEE80O, f GPP800, and i Re (means
are estimated marginal means produced by the fitted statistical model in Table 2, n = 5 field plots
examined over 5 [year 2017] or 12 [year 2018] repeated measures). Light tone dashed lines, symbols,
and bars denote plots, where herbivory was reduced using an insecticide. The pale yellow background
stripe stands for the period of severe hydrological stress (2nd July—1st August, 2018; see Fig. 3). Source
data are provided as a Source Data file.
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Figure 2. (a) Th232 based dust input from core PC72 (black Winckler et al. (2008)) and ODP1240 (grey);
(b) Silicon isotope records from cores MD-773 (Dumont et al., 2020) in the Antarctic; (c) Silicon isotope
records from cores ODP 1240 (red), ODP 846 (blue) and VNTRO01-8PC (black); Stack records and
standard deviation lines (dashed grey lines) of 230Th normalised organic carbon (solid grey, d), biogenic
opal (green, e) and Si to Organic carbon accumulation ratio (red, f) in the EEP (core location in table,
Sup. Mat. 2); (g) Boron isotope based reconstruction of Sea-air CO, efflux in the EEP (black dots
Martinez-Boti et al. (2015)); and (h) zonal gradients of d30Si (solid purple) and Si relative utilisation
(dashed purple, %). YD stands for Younger Dryas, HS1 for Heinrich stadial 1 and ACR for Antarctic

Cold Reversal.
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Figure 3. Conceptual model of LGM to Holocene change in Si cycling (left) and the PANDORA
simulation of the Pacific and Southern Ocean (SO) for the Last Glacial maximum (LGM) and the Modern
(right). A- LGM: The lower and intermediate circulation limbs were separated allowing isotopic
segregation between an accumulating stock of regenerated Si (light) at depth and lessening stock of
preformed Si (heavy) in the upper circulation branch while Fe replete conditions at the sea surface
prevented complete Si utilisation, maintained relatively light &%°Si in the surface and isotopic
fractionation between the regenerated and preformed Si pools. B- Younger Dryas (YD): The deglacial
flushing of the regenerated, isotopically light Si pool through the SO after 15 Ka resulted in light Si
isotopic signature recorded in the surface of the SO and EEP, whilst the merging between the lower and
upper limbs of the ocean circulation (Rae et al., 2018) caused the mixing of the 2 Si pools and the
progressive disappearance of the isotopic partitioning. The lower dust inputs caused Fe limitation leading
to the establishment of HNLC status in the EEP C- Holocene: DSi overconsumption in HNLC region, Si
is exported below the mixed layer and either recirculated or exported at depth, resulting in moderate
isotopic partitioning between the surface and the well-mixed ocean interior. The PANDORA box model
results illustrate the potential associated changes in DSi concentration (blue, uM.L—1) and isotopic
signature (red, ) in Pacific water masses between the LGM and modern conditions. Only the model results
for the Pacific and SO are shown (for full model results see Sup. Mat. 3).
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stalagmites in southwest Sulawesi over the past 530,000 years [J].Palacogeography,
Palaeoclimatology, Palacoecology (2015), doi:10.1016/j.palaeo.2015.10.030
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ABSTRACT: Previous studies have analyzed the age distributions of stalagmites harvested from
multiple caves and inferred important palaecoclimate changes that explain stalagmite growth phases.
However, stalagmites may grow over tens of thousands of years; thus, they are irreplaceable. The
value of speleothems to science must be weighed against their potential and current aesthetic and
cultural value. In this study, we show that some palacoclimate information can be extracted from a

cave system without the removal of stalagmites. Our case study is based on basal U-Th dates for 77
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individual stalagmites from thirteen caves located in and around Bantimurung-Bulusaraung
National Park, southwest Sulawesi, Indonesia. The stalagmites grew during discrete intervals within
the last ~530,000 years, and an analysis of their age distribution shows a first-order exponential
decrease in the number of older stalagmites surviving to the present day. Further, this exponential
relationship is observed in stalagmite populations around the world and is therefore likely to be a
general cave phenomenon. Superimposed on the first-order exponential age distribution in
southwest Sulawesi are positive anomalies in stalagmite growth frequency at 425-400, 385-370,
345-335,330-315,160-155, 75-70 and 10-5 ka, which are typically coincident with wet periods on
Borneo. To explain this distribution, we present a simple model of stalagmite growth and attrition.
A first-order trend is controlled by processes intrinsic to karst systems that govern the natural
attrition of stalagmites. These processes are nearly constant over time and result in the observed
exponential relationship of stalagmite basal ages. Second-order variation is controlled by changes
in the rate of stalagmite generation caused by fluctuating climates, which is a well-known concept
in the speleothem literature. Removal of the exponential baseline allows for better assessment of
relative peak heights and basic palaecoclimate information to be inferred. Importantly, the first- and
second-order growth frequency variations can be characterized using basal stalagmite ages only,
without the removal of stalagmites, thereby helping reduce the impact of scientific sampling on the

cave environment.
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Figure 1. Geological map of southwest Sulawesi highlighting the Tonasa Limestone Formation (black)

with the cave sites in the Maros region (yellow star). Adapted from Wilsonand Bosence (1996)
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Figure 2. Distribution of mean stalagmite ages over the last ~530 kyr in 13 caves in southwest Sulawesi.
a) Ages of all 77 stalagmites that were sampled. b) Ages of the adjusted set of 63 stalagmites after
accounting for potential duplication of single drip-sites. Each individual cave is represented by a different
color. Black curves show that a best-fit exponential relationship works as well for histogram data as it

does for the probability density functions used elsewhere in this study.
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Figure 3. Comparison of stalagmite growth in Sulawesi with speleothem 3'30 records for Borneo and
eustatic sea level. The distribution of stalagmite growth probability residuals (blue) for 13 caves in
southwest Sulawesi compared with Borneo §'%0 records (orange; Partin et al., 2007, Meckler et al., 2012;
Carolin et al., 2013) and 0°N October insolation (grey). Eustatic sea level (purple) is shown for reference
(Bintanja and van de Wal, 2008), Interglacial marine isotope stages are numbered at the base. Green bars

link >2c peaks in Sulawesi stalagmite growth.
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Kaustubh Thirumalai, Steven C. Clemens, and Judson W. Partin. Methane, Monsoons, and
Modulation of Millennial-Scale Climate [J]. Geophysical Research Letters, 2020,47(9):
e2020GL087613.
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ABSTRACT: Earth's orbital geometry exerts a profound influence on climate by regulating changes
inincoming solar radiation. Superimposed on orbitally paced climate change, Pleistocene records
reveal substantial millennial-scale variability characterized by abrupt changes and rapid swings.
However, the extent to which orbital forcing modulates the amplitude and timing of these millennial
variations is unclear. Here we isolate the magnitude of millennial-scale variability (MMYV) in two
well-dated records, both linked to precession cycles (19,000- and 23,000-year periodicity):
composite Chinese speleothem §'80, commonly interpreted as a proxy for Asian monsoon intensity,
and atmospheric methane. At the millennial timescale (1,000-10,000 years), we find a fundamental
decoupling wherein precession directly modulates the MMV of methane but not that of speleothem
&30, which is shown to be strikingly similar to the MMV of Antarctic ice core 6°H. One explanation
is that the MMV of methane responds to changes in midlatitude to high-latitude insolation, whereas

speleothem §'80 is modulated by internal climate feedbacks.
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Figure 1. Orbital and millennial-scale atmospheric methane variability over the past 640 kyr. (a)
EPICA Dome C record of CHa4, (b) its millennial-scale variability calculated as the 10-kyr high-pass
filtered record of the original time series, (c) high-value and low-value CHy in the high-pass filtered
record, and (d) the magnitude of millennial-scale variability (MMV) calculated as the centered
rolling standard deviation of the high-pass filtered record using 2-kyr sliding windows (100-year
step). (e-h) Periodograms of corresponding time series using the Lomb-Scargle methodology.
Primary orbital frequencies are marked with dashed lines (19 and 23—precession; 41—obliquity;
101—eccentricity). Note different scaling for power spectral density. Strong peaks in the
precessional band in the low-CHj, high-CH4, and MMV record indicate that insolation modulates

the amplitude of millennial variations in atmospheric methane.
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Figure 2. Orbital and millennial-scale variability in the composite Chinese speleothem record over
the past 640 kyr. (a) Composite Chinese speleothem &80, (b) its millennial-scale variability
calculated as the 10-kyr high-pass filtered record of the original time series, (c) negative-value and
positive-value 6'%0 in the high-pass filtered record, and (d) the magnitude of millennial-scale
variability calculated as the centered rolling standard deviation of the high-pass filtered record using
2-kyr sliding windows (100-year step). (e—h) Periodograms of corresponding time series using the
Lomb-Scargle methodology. Primary orbital frequencies are marked with dashed lines (19 and 23—
precession; 41—obliquity; 101—eccentricity). Note different scaling for power spectral density.
Despite that the “raw” §'80 record contains strong concentrations of variance in the precessional
band, the lack of peaks in the negative and positive events as well as in the MMV record suggest
that precession does not modulate the envelope of millenial-scale §'30 variations in the composite
Chinese speleothem record.
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Ali, M. Y., Watts, A.B., Searle, M.P. et al. Geophysical imaging of ophiolite structure in the United

Arab Emirates. Nat Commun 11, 2671 (2020). https://doi.org/10.1038/s41467-020-16521-0
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ABSTRACT: The Oman-United Arab Emirates ophiolite has been used extensively to document
the geological processes that form oceanic crust. The geometry of the ophiolite, its extension into
the Gulf of Oman, and the nature of the crust that underlies it are, however, unknown. Here, we
show the ophiolite forms a high velocity, high density, >15 km thick east-dipping body that during
emplacement flexed down a previously rifted continental margin thereby contributing to subsidence
of flanking sedimentary basins. The western limit of the ophiolite is defined onshore by the Semail
thrust while the eastern limit extends several km offshore, where it is defined seismically by a ~40—
45< east-dipping, normal fault. The fault is interpreted as the southwestern margin of an incipient
suture zone that separates the Arabian plate from in situ Gulf of Oman oceanic crust and mantle

presently subducting northwards beneath the Eurasian plate along the Makran trench.
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Figure 1. Location map showing the transects along which geological and geophysical data were acquired.
a Study area (black box) and permanent passive seismic stations (white and red filled triangles).

b Landsat 9 image (https://www.geosoft.com/products/dap-server/overview) with geophysical data.
Offshore: thick white lines = seismic reflection profiles; thin blue lines = gravity and magnetic anomaly
data. Onshore: thick white lines = vibroseis seismic reflection profiles. Thin purple lines = gravity and
magnetic anomaly data. Yellow filled triangles = Petroleum Institute (PI) seismic broadband stations.
White filled triangles = National Centre of Meteorology (NCM) stations. Green filled triangles = Stations
S-15 (D1) and S-19 (D4). Blue filled square locate the Bani Hamid granulites. Thin solid red lines
delineate the Late Cretaceous Semail thrust and the Oligocene-early Miocene Hagab thrust and the Dibba

fault. Dashed where uncertain. Figures constructed using Oasis Montaj.
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Julien A, Pierre S, Vincent L, et al. Mid-to Late-Holocene Mediterranean climate variability:
Contribution of multi-proxy and multi-sequence comparison using wavelet analysis in the
northwestern Mediterranean basin[J]. Earth-Science Reviews, 2020: 103232,
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ABSTRACT : Forcings and mechanisms underlying Holocene climate variability still remain
poorly. This work review already published paleoclimatic time series and proposes an alternative
way to compare them using spectral analysis. Such an approach may emphasize joint features

between different signals and lead us closer to the causes of climate changes.

Ten paleoclimatic proxy records from 5 sequences from the Gulf of Lions and surrounding areas
were compiled. These paleoclimate time-series were supplemented with proxies of the North
Atlantic Oscillations (NAO), El Nifio—Southern Oscillations (ENSO) and the Intertropical
Convergence Zone (ITCZ) variability. A comparison of their frequency content is proposed using
wavelet analysis for unevenly sampled time series. A new algorithm is used in order to propagate

the age model errors within wavelet power spectra.

Three main groups of shared features specific to the Mid- and Late Holocene (after 7000 yrs cal BP)
can be defined on the basis of the results of these analyses, an Atlantic cyclic period, solar cyclic
periods and tropical cyclic periods. The Atlantic cyclic period is probably related to fluctuations of
the Atlantic thermohaline circulation which would induce changes in the storm track extension and
position thereby impacting upon precipitation and storminess over a millennial scale. The centennial
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scale solar variability might induce a NAO-like variability of the atmospheric circulation thereby
influencing storminess in Western Europe and Mediterranean. Finally, tropical cyclic periods are
possibly registered in of the Gulf of Lions and Atlantic climate proxies, potentially highlighting the

influence of ENSO variability over the western Mediterranean.
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Figure 1. Comparison of the Sunspot number, the NAO indexes and the Palavas Storm Index (SI) filtered
with a 150-300 yrs bandpass filter to highlight variations linked to the De Vries cycles. The filled red
curves correspond to the variability within the bandwidth 150-300 yrs obtained by summing the wavelet
power over several scales. The shaded blue boxes highlight time intervals characterized by concomitant
high solar and NAO index variability within the bandwidth 150-300 yrs. The shaded orange box
highlights a time interval characterized by concomitant high solar and storminess variability without
NAO index variability within the bandwidth 150-300 yrs.
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Qiliang Sun, Tiago M. Alves Minghui Zhao et al. Post-rift magmatism on the northern South
China Sea margin [J]. GSA Bulletin, 2020, htps://doi.org/10.1130/B35471.1.
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ABSTRACT: Intense magmatism in the form of widespread volcanoes and lava flows is identified
in high-resolution 3-D seismic data over a post-rift sequence of the northern South China Sea (SCS).
Such a magmatism post-dates the end of seafloor spreading in the SCS by at least 6.8 m.y. A
detachment (boundary) fault propagating into a deep-seated magma chamber provided the main
vertical pathway for magma migration. In turn, normal faults and dykes constituted a shallow
plumbing system through which the magma migrated from the boundary fault and was extruded
onto the paleo-seafloor. Volcanism occurred in the study area from ca. 8.2 Ma to ca. 1.1 Ma in the
form of two distinct events, dated ca. 5.2 Ma and ca. 2.8 Ma, which are correlated with the Dongsha
Event. Extrusive magma formed volcano edifices and extensive lava flows; the latter of which were
confined to the troughs of sediment waves or, instead, flowed along submarine canyons. As a
corollary, this study shows that in the SCS: (1) young magmatism is widespread on the northern
continental margin, (2) seafloor morphology greatly influences the architecture of deep-water
volcanoes, and (3) syn-rift faults (especially detachment faults) reactivated by regional tectonics

closely control the magma plumbing systems.
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Figure 1. Model of the magma pluming system interpreted in the study area of the northern South China
Sea. The magma sources from the partial melting reservoir and boundary fault serves as the main conduit
for the upward migration of the magma. Secondary faults and dykes connecting with the boundary fault
also provide vertical pathways for magma migration. The shallowly emplaced sills also feed the lava
flows on the paleo-seafloor. Nearly all of the magma plumbing system is located in the hanging-wall
block. The distribution of lava flows on the paleo-seafloor is mainly controlled by canyons and sediment
waves (on an uneven seafloor) in the upper part of the hanging-wall, and controlled by the dip direction
of paleo-seafloor in the lower part of the hanging-wall.

26



