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Xiao C, Du Z, Handley M J, et al. Iron in the NEEM ice core relative to Asian loess records over
the last glacial-interglacial cycle [J] National Science Review, 8(7), nwaa 144.

https://doi.org/10.1093/nsr/nwaal44.
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ABSTRACT: Mineral dust can indirectly affect the climate by supplying bioavailable iron (Fe) to the
ocean. Here, we present the records of dissolved Fe (DFe) and total Fe (TDFe) in North Greenland
Eemian Ice Drilling (NEEM) ice core over the past 110 kyr BP. The Fe records are significantly
negatively correlated with the carbon-dioxide (CO,) concentrations during cold periods. The results
suggest that the changes in Fe fluxes over the past 110 kyr BP in the NEEM ice core are consistent with
those in Chinese loess records because the mineral-dust distribution is controlled by the East Asian
deserts. Furthermore, the variations in the dust input on a global scale are most likely driven by changes
in solar radiation during the last glacial-interglacial cycle in response to Earth’s orbital cycles. In the last
glacial-interglacial cycle, the DFe/TDFe ratios were higher during the warm periods (following the post-
Industrial Revolution and during the Holocene and last interglacial period) than during the main cold

period (i.e. the last glacial maximum (LGM)), indicating that the aeolian input of iron and the iron
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fertilization effect on the oceans have a non-linear relationship during different periods. Although the
burning of biomass aerosols has released large amounts of DFe since the Industrial Revolution, no
significant responses are observed in the DFe and TDFe variations during this period, indicating that
severe anthropogenic contamination has no significant effect on the DFe (TDFe) release in the NEEM

ice core.

Figure 1. Comparison of the concentrations of Nss-Ca?" (A), the dust mass (B) in the NEEM ice core
from this study, the median grain size in the Gulang record (C and the Xifeng dust fluxes (D). The dotted

lines show the correlation of 24 D-O cycles between the NEEM ice core and the Gulang loess.



Figure 2. DFe, TDFe and NH*" concentrations (A—C) and 8'%0 values in the NEEM 2009 shallow Core
1 (F), the levoglucosan concentration in NEEM 2011 S1 (E) and the iron-ore production and pig-iron
shipments data (D) from the USA between 1800 and 1970. The dashed line in parts (A, C and E)
represents the Tambora eruption in 1815. Gray shadings represent the peaks between DFe and NH*" and

levoglucosan concentrations.
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Longmana J, Gernonc M T, Palmerc M R, et al. Marine diagenesis of tephra aided the Palaeocene-
Eocene Thermal Maximum termination [J]. Earth and Planetary Science Letters, 2021. 571,
117101.

https://doi.org/10.1016/j.epsl.2021.117101
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ABSTRACT: The Palacocene-Eocene Thermal Maximum (PETM) was a period of intense global
warming that began ~55.9 million years ago and lasted about 170,000yrs. Various mechanisms have
been proposed to cause this warming, including the emplacement of the North Atlantic Igneous
Province (NAIP). Equally, many mechanisms have been invoked to explain sequestration of carbon
from the ocean-atmosphere system necessary to promote the recovery to more temperate conditions.
Here we propose that an important path for carbon sequestration was tied to NAIP volcanism
through the precipitation of calcium carbonate (CaCOs3) cements within the tephra layers. These
cements formed after the deposition and burial of tephra over a wide area of the North Atlantic
Ocean during the late Palacocene and early Eocene. We find strong evidence that authigenic CaCO3
cements formed shortly after tephra deposition. Monte Carlo simulations suggest that this process
may have been responsible for a quarter of the carbon sequestered during the PETM recovery phase,
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providing a major, but previously unconsidered sink of isotopically-light carbon, and one which

may have persisted into the Eocene.

Figure 1. Spatial and temporal distribution of tephras analysed in this study. (a) Palaco-geographic
reconstruction of the North Atlantic region at circa 55 Ma displaying an overview of the North Atlantic
Igneous Province (NAIP), adapted from Jones et al. (2019). Locations of shallow and deep marine basins
are represented by light and dark blue areas, respectively. Locations of extrusive (subaerial and
submarine) vol-canism are marked in red, with dark red designating discrete volcanic centres. Areas of
sill intrusions into sedimentary basins are shown in dark brown. Note that seis-mic retrievals below
volcanic extrusives are very poor, so the extent of intrusions may be considerable below the red areas
shown on the map. Also shown, in yel-low, are isopachs of levels of tephra fall (in metres) from explosive
volcanism during the period of NAIP activity (taken from Obst et al. (2015)). Locations mentioned in

this study are labelled with yellow circles.



Figure 2. Carbon and sulfur characteristics of tephras and sediments in Hole 553A (Rockall). The
downbhole graphs show organic carbon, inorganic carbon, organic nitrogen, and sulfur concentrations (in
wt%). Also shown is the bulk 3!*C signal, relative to VPDB, and a simplified graphic log of the mudrock
and tephra sequence. Tephra layers are highlighted in blue and are consistently enriched in CaCO3 and
depleted in organic carbon and 8'3C, demonstrating the regular occurrence of carbonate minerals within

these layers.



Figure 3. SEM images of authigenic carbonate formation in ash layers. Panels A and C shows tephras
from the Rockall sequences, A is from ash layer present in DSDP Hole 553A (Core 36, Section2, 69-
71cm). B is from ash layer present in DSDP Hole 555 (Core 65, Sectionl, 105-107cm). Panels B and D

shows carbonate infilling as calcite (cc) in samples from core 6607/12-1 from the Vering Basin.

Figure 4. Schematic diagram (not to scale) showing the locations of carbonate formation, and pathways
of carbon migration during the PETM. The locations of authigenic carbonate cement formation are (a)
in tephra layers and (b) above hydrothermal vent structures. To form these carbonate cements, carbon
may be sourced from (c) methane release during hydrothermal vent activity, (d) methane tied to anaerobic
oxidation of organic sediments, and (e) methane degassing from contact metamorphism when sills are

emplaced in organic-rich sediments. Figure is modified after Heimdal et al. (2019); Jones et al. (2019).
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Horton F. Rapid recycling of subducted sedimentary carbon revealed by Afghanistan carbonatite
volcano [J]. Nature Geoscience, 2021, online.

https://doi.org/10.1038/s41561-021-00764-7
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ABSTRACT: The fate of carbon subducted to mantle depths remains uncertain, yet strongly
influences the distribution of terrestrial carbon on geologic timescales. Carbon fluxes into
subduction zones are exceptionally high where downgoing plates contain thick sedimentary fans.
This study uses volcano geochemistry to assess sedimentary carbon recycling in the high-flux
Makran subduction zone, where the Arabian plate subducts northward beneath Eurasia. On the basis
of strontium isotope geochemistry and “°Ar—3°Ar geochronology, | show that a portion of the
submarine Indus Fan entered the Makran Trench, melted and ascended as magmas that erupted in
southern Afghanistan. The resulting volcano, composed primarily of carbonate minerals, formed at
approximately 3.8 million years ago. The 8/Sr/%¢Sr ratios of the lavas indicate that their magmatic
precursors were derived from marine sediments deposited at 28.9 + 1.4 Ma. This implies that
sedimentary carbon was subducted to and returned from mantle depths in less than 27 million years,
indicating that magmas can efficiently recycle sedimentary carbon from subducting slabs to the

overlying plate.


https://doi.org/10.1038/s41561-021-00764-7

Figure 1. Strontium isotopic evidence of rapid sediment recycling. a, The ¥Sr/%6Sr of Khanneshin
carbonatites versus average marine sedimentary carbonates*'. The horizontal black line and the bounding
light grey area represent the mean (n=20 rocks) and =+1s.d., respectively, for the Khanneshin
carbonatites. Since 500 Ma, average marine sedimentary carbonate compositions have equalled that
measured in the Khanneshin carbonatites nine times, but only once since 200 Ma. b, As in a, but from 0
to 40 Ma. Sediments deposited in the Indus Fan at circa 30 Ma would have had ¥’Sr’®Sr ratios comparable
to those measured in the Khanneshin samples. This implies that sediment recycling through the Makran

subduction zone took less than 27 Myr.



Figure 2. Schematic cross-section of the eastern Makran subduction zone. Khanneshin magmas are
probably derived from subducted sediments that melted near the top of the subducting slab or in buoyant
diapirs that ascended into the mantle wedge. Slab depths and the thermal structure are based on
earthquake focal mechanisms'” and thermal modelling, respectively. The black dashed line along the
top of the subducting Arabian plate represents the trajectory of subducted Indus Fan material and the
time elapsed since entering the trench. Earthquakes with focal mechanisms < 50 km deep are shown as

grey circles.



4. 7K BB A LR v R LSRR RS R

Hahn?
BN 2R liyj3@sustech.edu.cn

Guerrero J M, Lowman J P, Tackley P J. Did the cessation of convection in Mercury's mantle
allow for a dynamo supporting increase in heat loss from its core? [J]. Earth and Planetary
Science Letters, 2021, 571: 117108.

https://doi.org/10.1016/j.epsl.2021.117108
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ABSTRACT: Mercury's large core generates a magnetic field and harbors a solidified inner
component. These features constrain models of the planet's thermal history. The mantle provides
the boundary condition on Mercury's core that determines heat loss. Recent studies suggest

Mercury's mantle may have a higher thermal diffusivity than the silicate shells of other rocky bodies
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due to iron depletion. Considering the role of diffusivity, we model Mercury's mantle starting from
a post magma-ocean state by calculating core-mantle boundary heat flow and the ratio of inner-core
boundary radius to core-mantle boundary radius, fc, for periods comparable to the age of the solar
system. Core-mantle boundary (CMB) heat flow is calculated using 3D mantle convection
simulations for thermal diffusivities, «, ranging from 1.0-3.0 X 10®m?/s and initial radiogenic
uniform mantle heating rates, , of 0 - 40 pW/kg (that decay with a 3 Gyr half-life). Several scenarios
can unfold for the range of parameters considered: these include cases featuring both the cessation
of mantle convection and its continuation at 4.5 Gyr. We map a trend in « - ¢ space and find that for
some parameters present-day core heat flux and inner-core size estimates are satisfied for a
Mercurian mantle that is cooling by conduction. The influence of initial sulfur fraction in the core
was examined for a subset of cases. For a sulfur fraction of 0.10, f. falls between 0.1 and 0.55 which
corresponds to planetary radius contractions below 7 km (since the Late Heavy Bombardment).
However, f. exceeds 0.55 for a lower initial sulfur fraction and results in planetary contraction in
excess of 7 km. In general, we find that the mean core heat flux reaches a temporal local minimum
when the mantle transitions from a convective to a conductive regime and subsequently climbs
before decreasing. The transition to conduction is delayed with increased mantle internal heating
rate but the maximum mean heat flux from the core into the conducting and cooling mantle is always
greater than the heat flux observed at the cessation of the stagnant-lid convection. We find that for
an initially more vigorously convecting mantle the onset of inner-core growth is earlier while the
basal heat flux is marginally reduced at present day. In general, we find that current-day conductive
cooling of the Mercurian mantle can satisfy estimates on Mercury's core heat loss inferred from the

strength of its magnetic field while also satisfying the limits on the present-day size of its inner core.



Figure 1. Timeseries are plotted for the mean CMB temperature (first panel), mean basal heat flux
(second panel), Vrus (third panel), ratio of the inner-core boundary radius to core-mantle boundary radius

(fo) (fourth panel), and mantle internal heating rate (fifth panel) for five calculations with different initial
internal heat production rates (indicated in the legend) and «=2.0 x 10~® m?%s. In the second panel, a

range of core heat flux values (12 - 19 mW/m?) is indicated by the dashed black lines. In the fourth panel,
a range of /. values (0.3 - 0.7) is indicated by the dashed black lines. (The interpretation of the colors in

the figures can be referred to in the web version of the article.).



Figure 2. Temperature field slices at 0.5, 1.0, and 4.5 Gyr for cases featuring x«=2.0 x 10 m?/s (first
and second columns) and «=1.0 x 107® m?/s (third and fourth columns). Calculations for two different
initial internal heating rates are presented. There is no internal heating in the first and third columns and
=20 pW/kg in the second and fourth columns. A segment of the spherical shell from the north pole of
each 360° slice is shown by an inset and the corresponding basal heat flux value in mW/m? as well as
the inner-core boundary to core-mantle boundary radius ratio is inscribed within the slice. Time is

indicated on the left in Gyr and super-adiabatic temperature, in Kelvins, is indicated on the colorbar.

Figure 3. Planetary radius contraction at 4.5 Gyr is plotted as a function of the initial fraction of sulfur
in the core for select cases with k=1.5,2.0,2.5 and 3.0 x 107® m?/s. The x and y values are indicated in
the bottom right of each panel and are arranged similarly to the green-blue band. The blue curve indicates
the planetary radial contraction assuming a core thermal expansivity, ac, of 5.8 x 107 K™! and the red
curve indicates radial contraction assuming .= 3.0 x 1073 K™!. For each case plotted, the upper and lower
bounds correspond to a final crustal thickness of 80 km and 20 km, respectively. Symbols are placed on
the blue curve to indicate the FCMB where the open and closed symbol. The symbol color indicates the
inner-core size. A square indicates that the inner core has not yet formed at 4.5 Gyr. The dashed horizontal

lines indicate planetary contraction of 0, 2, and 7 km.
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Di Chiara A, Tauxe L, Levy T E, et al. The strength of the Earth’s magnetic field from Pre-Pottery
to Pottery Neolithic, Jordan [J]. Proceedings of the National Academy of Sciences, 2021, 118(34).

https://doi.org/10.1073/pnas.2100995118
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ABSTRACT: The Earth’s magnetic field has changed significantly in the past with implications
for related phenomena, such as deep-Earth processes and evolution of life. Accurate datasets of its
past behavior also provide a dating tool. We present data from Neolithic ceramics and flint from
Jordan. Our results are among the oldest in the Levant, covering a period of major changes in human
history. The data help in refining the resolution of the archaeomagnetic curve, in turn enhancing its
use as a dating tool and for understanding past field behavior. Moreover, we demonstrate the
potential for the use of flint material, the most common raw material for the manufacturing of tools

in the entire Paleolithic and younger periods, for archaeointensity investigations.



Figure 1. (4) Comparison between the results from the paleointensity analyses from this study
(archaeointensity samples represented as red stars) and the data from previous studies available in the
GEOMAGIASO (ref. 34; gray crosses for the data that are not deemed robust), expressed as VADM in
ZAm? (=10*'Am?). The blue and orange curves are the two synthetic PSV curves from Cals10k.2 and
hfm10k global models (35), respectively, and the black and red curves represent the two PSV curves
from SHA.DIF.14K (36) and SHAWQ2k (26, 37), respectively, calculated at the coordinates of the study
area. (B) Location of archaeointensity data from literature used in A. (Insef) Location of the four

archaeological excavations of this study (the Wadi Faynan region, Jordan).
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Namier N, Gao X, Hao Q, et al, Mineral magnetic properties of loess—paleosol couplets of
northern Serbia over the last 1.0 Ma [J]. Quaternary Research, 2021, 1-14.

https://doi.org/10.1017/qua.2021.41
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ABSTRACT: We conducted the first detailed mineral magnetic investigation of more than nine
loess—paleosol couplets of the composite Titel-Stari Slankamen loess section in Serbia, which
provides one of the longest and most complete terrestrial record of paleoclimatic changes in Europe
since ~1.0 Ma. The results show that the ferrimagnetic mineral assemblage of the loess units is
dominated by partially oxidized multidomain (MD) and pseudo-single domain (PSD) magnetite;
however, with an increasing degree of pedogenesis, the eolian contribution is gradually masked by
pedogenic superparamagnetic (SP) and single-domain (SD) ferrimagnets (mainly maghemite). The
overall consistency of ferrimagnetic grain-size parameters indicates an absence of dissolution of the
fine-grained ferrimagnetic fraction despite changes in climate regime over the past 1.0 Ma. The
variations of normalized dJ/dT@i20« and normalized ypeating@szoc reflect a long-term stepwise
increase in aridity during glacials with a major step at ~0.6-0.5 Ma, over the last 1.0 Ma. Overall,

the results provide an improved basis for the future use of the magnetic properties of Serbian loess
20


https://doi.org/10.1016/j.scitotenv.2021.148402

deposits for paleoclimatic reconstruction.

Figure 1. Location of the Titel-Stari Slankamen section, Serbia.

Figure 2. Stratigraphic variations of selected magnetic parameters of the composite Titel-Stari
Slankamen loess—paleosol sequence and their correlation with the marine oxygen isotope record.
The stratigraphic positions of the 19 samples for magnetic investigation are shown by solid circles
on the magnetic susceptibility curve. See text for explanation of the proxies of normalized —

dJ/dT @120k and normalized yheating@s30T-
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Fang W, Dai L Q, Zheng Y F, et al. Identification of Jurassic mafic arc magmatism in the eastern
North China Craton: Geochemical evidence for westward subduction of the Paleo-Pacific slab
[J]. Geological Society of America Bulletin, 2021, 133, 1404—1420.

https://doi.org/10.1130/B35787.1
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ABSTRACT: Subduction of the Paleo-Pacific slab beneath the North China Craton (NCC) has exerted
a strong influence on the Mesozoic destruction of the craton. However, no Andean-type arc magmatism
has been reliably identified in the eastern NCC. Here we report the occurrence of Jurassic arc-like
lamprophyres in the Liaodong Peninsula, providing a snapshot of the Paleo-Pacific slab subduction

beneath the NCC in the early Mesozoic. Zircon U-Pb dating of the lamprophyres yields consistent ages
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of 158-155 Ma for magma crystallization. These lamprophyres all exhibit typical arc-like trace element
distribution patterns, but show a series differences in their radiogenic isotope compositions and the other
geochemical variables. Type 1 lamprophyres exhibit weakly enriched Sr-Nd-Hf isotopes with (37Sr/%Sr);
ratios of 0.7075-0.7085,eNd(t) values of —3.9 to —1.3 and eHf{t) values of —5.4 to —0.3, whereas Type 2
lamprophyres exhibit moderately enriched radiogenic isotopes with (37Sr/%Sr); ratios of 0.7096-0.7117,
eNd(t) values of —12.2 to —7.6 and eHf(t) values of —12.8 to —4.7. There are also systematic differences
in zircon Hf isotopes and whole-rock Ba/Th, Ba/La, St/Nd, Th/Nd, Th/Yb, and La/Sm ratios for the two
types of lamprophyre. Taken together, these similarities and differences can be accounted for by
metasomatic reaction of the cratonic mantle wedge with two properties of liquid phase derived from
subducting Paleo-Pacific slab. One is aqueous solutions from the subducting basaltic oceanic crust, and
the other is hydrous melts from the subducting terrigenous. The two properties of subduction zone fluids
were incorporated in different proportions into the mantle sources of these lamprophyres. Accordingly,
the lamprophyres were derived from the metasomatic mantle sources. This qualitative interpretation is
verified by quantitative modeling of the geochemical transfer at the slab-mantle interface in a paleo-
oceanic subduction zone. Therefore, the Jurassic lamprophyres in the eastern NCC provide the
geochemical evidence for the crust-mantle interaction during the Paleo-Pacific slab subduction beneath
eastern Asia in the early Mesozoic, when the chemical metasomatism by the slab-derived fluids would

have weakened the cratonic mantle for its thinning and destruction in the Early Cretaceous.
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Figure 1. (A) Simplifed geological maps of the study area, showing main tectonic units of the North
China Craton (modified after Zhu et al., 2012). (B) Distribution of Mesozoic magmatism in the Liaodong
Peninsula, the eastern North China Craton (modified after Ma et al., 2002). (C) Geological map of the
Huaziyu area, showing the distribution of mafic dikes and sample locations (modified after Ma et al.,

2002).
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Figure 2. Schematic illustration for the subduction of the Paleo-Pacific slab and its consequence on the
origin of lamprophyres in the eastern North China Craton. (A) In the Middle Jurassic (ca. 170 Ma), the
Paleo-Pacific slab started to subduct beneath eastern Asia. (B) The sub-continental lithosphere mantle
(SCLM) of the North China Craton (NCC) was chemically weakened by Paleo-Pacific slab-derived fluids
during the low-angle subduction. The metasomatic reaction between the SCLM wedge peridotite and the
Paleo-Pacific slab derived fluids would have generated lithologically fertile, geochemically enriched
mantle domains, whose partial melting at ca. 155 Ma to generated two types of lamprophyre due to the
local slab rollback. (C) After ca. 144 Ma, the subducting Paleo-Pacific slab started large scale rollback,
leading to lateral flow of the asthenospheric mantle onto the base of the NCC for heating. This gave rise

to the voluminous bimodal magmatism at 130-120 Ma.
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ABSTRACT: Ice shelves in the Southern Weddell Sea have large areas and volumes, and have
previously been stable due to their setting in a region of cold near-surface and sub-surface ocean water.
The Brunt Ice Shelf (BIS), one of the ice shelves closest to the continental shelf break in the region, just
released an iceberg with an area of ~1,270 km? in late February 2021 and another large calving event is
imminent. However, recent changes in the BIS, since 2017, have not been studied to date. In this study,
we used multi-source remote sensing data (including satellite images, ice flow velocity products, digital
elevation models, and altimetry data) to conclude that the instability of the ice shelf has been increasing.
The increased instability is manifested by rapidly increasing ice flow velocity and the propagation rate
of full-thickness rifts. The velocity at the front of the BIS accelerated by more than doubled from 2013-

2021, and the width of Chasm 1 increased by almost three-fold from 2012—2021. Based on the expansion
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of Chasm 1 and the strain rate changes, an iceberg with an area of ~1,675 km? is predicted to be released
from the BIS during October 2022. We used meteorological data, ocean synthesis, and field observations
to attribute the increased instability of the BIS to warm inflow onto the continental shelf, which
emphasizes the importance of further observation and analysis. Additionally, owing to its special location,

the BIS could be an indicator of the evolution of other ice shelves in the Southern Weddell Sea.

Figure 1. Map of the BIS with inset in the upper left corner showing the ice shelf location. The
background is an 8-m REMA-DEM tile product (2011-2017) overlaid by an 8-m REMA DEM strip
product of 2017, on which the Chasm 1 can be clearly observed. All these DEMs are reference to WGS84
ellipsoid. The dark grey lines are contours. Light blue and red polygons represent the locations of Chasm
1 in 2017 and 2021, respectively. The white lines along the ice flow illustrate the locations of three
profiles (AA’, BB’, and CC’), and the black line is the grounding line from Rignot et al. (2011a). The
arrow at the lower left represents the direction of the Modified Warm Deep Water (MWDW; Ryan et al.,
2020). The grey polygon is the extent of Video S1, and Box D is the extent for generating the longitudinal

strain rate time series.
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Figure 2. (a) Time series of averaged velocity at the seaward part of Profile AA’ from 2013— 2021; (b)
widening rates of Chasm 1 along BB’ and CC’ from 2012-2021;(c) potential water temperature from
GECCO3 and values smoothed with a 12-month moving filter; (d) potential water temperature from EN4
and values smoothed with a 12-month moving filter;(e) air temperature at Halley Station and values

smoothed with a 12-month moving filter.
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Figure 3. (a) Possible iceberg detachment boundary (white) and Chasm 1 (red) extracted from an OLI
image taken on January 7, 2021. The red dashed line is the possible propagation route for Chasm 1; (b)

calculated percentages (black crosses) used to establish the linear regress model (red line).
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Yamazaki T, Chiyonobu S, Ishizuka O, et al. Rotation of the Philippine Sea plate inferred from
paleomagnetism of oriented cores taken with an ROV-based coring apparatus [J]. Earth, Planets
and Space, 2021, 73(1): 1-10.
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ABSTRACT: Reconstructing the history of Philippine Sea (PHS) plate motion is important for
better understanding of the tectonics of the surrounding plates. It is generally considered that the
PHS plate migrated northward since Eocene, but its rotation has not been constrained well; some
reconstructions incorporated a large clockwise rotation but others did not. This is mainly because
the difficulty of collecting oriented rocks from the mostly submerged PHS plate hindered
establishing an apparent polar wander path. In this study, we conducted a paleomagnetic study of
oriented cores taken using an ROV-based coring apparatus from the Hyuga Seamount on the
northern part of the Kyushu-Palau Ridge, a remnant arc in the stable interior of the PHS plate.

Stepwise thermal and alternating-field demagnetizations were applied to specimens taken
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successively from two~30 cm long limestone cores of middle to late Oligocene age, and
characteristic remanent magnetization directions could be isolated. Declination and inclination of
D=51.5° and 1=39.8°, respectively, were obtained as the mean of the two cores. The easterly-
deflected declination means ~ 50° clockwise rotation of the PHS plate since middle to late Oligocene.
In addition, ~ 5° latitudinal change of the site is estimated from the mean inclination. The result
implies that the Kyushu-Palau Ridge was located to the southwest of the present position in middle
to late Oligocene, and that PHS plate rotation as well as the Shikoku and Parece Vela Basin
spreading contributed to the eastward migration of the Izu-Ogasawara (Bonin) Arc to the current

position.
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Figure 1. Latitudinal change (a) and rotation (b) of the Philippine Sea plate with age compiled from
published studies (Wu et al. 2016, Fig. 3) and the present study (red star). References for DSDP and ODP
Sites in 1977-1992 are Louden (1977), Kinoshita (1980), Keating and Herrero (1980), Keating (1980),
Bleil (1982), Haston et al. (1992), and Koyama et al. (1992). ¢ Schematic model of the Kyushu-Palau
ridge (KPR) location at ~30 Ma (left) and the present positions of KPR and Izu-Ogasawara (Bonin) arc
(right).

32



10.97 B R #RPER7EIE 2 425ka B =ARAREL A HIBR 72

FEN: 24 11849590@mail.sustech.edu.cn

Dai G W, Zhang Z S, Ottera O H, et al., A Modeling Study of the Tripole Pattern of East China
Precipitation Over the Past 425 ka [J]. Journal of Geophysical Research: Atmospheres ,2021, 126,
€2020JD033513.
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ABSTRACT: The traditional paleoclimatological view suggests that monsoonal China was overall
wetter when the East Asian summer monsoon (EASM) was strong. However, this view is at odds
with the understanding of modern climate, which demonstrates an analogous “tripole precipitation
pattern” in monsoonal China. Little is known about the spatial pattern of paleo-precipitation in
monsoonal China, particularly during the past glacial-interglacial cycles. Here, we provide evidence
for a potential tripole precipitation pattern in monsoonal China over the past 425 ka using climate
modeling, and compare the results with paleoclimate records available from China. Our simulations
illustrate that more (less) precipitation in North China and South China, and less (more) precipitation

in the Central-East China during strong (weak) EASM periods associated with high (low) boreal
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summer insolation. Our results agree with the present understanding of modern East Asian climate,
and furthermore confirm that the boreal summer insolation is the dominant forcing for the intensity
of EASM and the response of subtropical high pressures is fundamental in modulating the
precipitation pattern in monsoonal China on orbital timescales. This temporal and spatial variability
of precipitation, as revealed in our simulations, shows the potential high complexities in
hydroclimatic conditions in monsoonal China throughout the past glacial-interglacial cycles.
Nevertheless, whether the tripole precipitation pattern in monsoonal China over the past 425 ka is
robust enough still should be tested, preferable by taking advantage of existing and new well-dated

and explicit indicative precipitation archives in Central-East China.

Figure 1. Potential dry and wet climate state reflected by geological records. (a) Loess §*°C from Gulang
(37.48°N, 102.87°E, North China; Sun et al., 2015). (b) Loess 8*°Hwax from Weinan (34.42<N, 109.6 E,
south margin of Chinese Loess Plateau, near Central-East China; Thomas, Clemens, Sun, et al., 2016).
(c) The pollen ratio of Woody/Herbaceous from Tai Lake (31.5N, 120.45E, Central-East China; Miao
et al., 2015), the green curve is the result of original pollen ratios (green crosses) by three-point moving
average. (d) The marine sediment biomarker records 3?Hyax from ODP Site 1146 (19.45N, 116.27E,

South China; Thomas, Clemens, Prell, et al., 2014). The black curves represent 30N July insolation
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(Laskar et al., 2004), and gray bars indicate the stages of resembling tripolar precipitation pattern. Here,
for (a, b, and d), the chronologies are based on the radiometrically calibrated age model, the control point
ages are mainly from comparison between the mean grain size of loess or benthic §%0 of marine
sediments and the standard benthic 6'®0 (Lisiecki & Raymo, 2005) or well dated speleothem records;
for (c), the chronologies are obtained by the linear interpolation between the *C age and B/M boundary

(780 ka).

Figure 2. The simulated ensemble mean climatic anomaly due to intensified summer monsoon (20
insolation maxima minus 20 insolation minima). (a) The anomaly summer (JJA) surface temperature
(°C). (b) The shading colors show the 115°E anomaly summer (JJA) vertical movement (Omega, which
is magnified by one hundred times, unit: Pa/s; and the positive value indicates enhanced descending
motion); the vector arrows indicate the 115°E anomaly JJA meridional wind (V, unit: m/s) and vertical
movement (Omega, magnified by 700, unit: Pa/s). For (¢ and d), blue contour lines show the summer
(JJA) zonal wind (U, unit: m/s, >10 m/s displayed) at 200 hPa, indicating the westerly jet; the shading
colors show the summer (JJA) geopotential height (unit: gpm) at 500 hPa, indicating the western Pacific
subtropical high. Here, (c) is for the maximal insolation periods and (d) is for the minimal insolation

periods.
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Yin Y, Li CF, Lu Y. Estimating Curie-point depths using both wavelet-based and Fourier spectral
centroid methods in the western Pacific marginal seas [J]. Geophysical Journal International,
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ABSTRACT: The Curie-point depth is an important magnetic parameter for studying the
geological structure and thermal evolution of the lithosphere. In this study, we first apply wavelet
transform to the centroid method, and compare it with the conventional Fourier spectral centroid
method based on a 3-D fractal magnetization model. We find that the Fourier transform method is
suitable for estimating smaller Curie-point depths (less than 20 km), whereas the wavelet transform
method has better accuracy in estimating large Curie-point depths (more than 30 km). The
application of both methods to the western Pacific magnetic anomalies from the Earth Magnetic
Anomaly Grid of 2-arcmin resolution (EMAG2) proves their reliability and comparability. Our
results show small Curie-point depths in areas with active magmatism and high heat flow, like mid-

ocean ridges and island arcs of subduction zones, but large Curie-point depths in sedimentary basins
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and forearcs of subduction zones with low surface heat flow. We wrote our Curie-point depth
inversion software CPDINV using FORTRAN language, which includes completed modules of
minimum-curvature gridding, projection, wavelet and Fourier transforms, least-squares fitting and

depth estimation.

Figure 1. Map of Curie-point depths estimated from magnetic anomalies shown in Fig. 6(b) using centre
wavenumbers of (a) ko= 2.668, (b) ko= 3.773 and (c) ko= 5.336 with a constant 3-D fractal exponent of

3.0. (d) Averaged Curie-point depths from three different centre wavenumbers.
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ABSTRACT: Falling atmospheric CO; levels led to cooling through the Eocene and the expansion
of Antarctic ice sheets close to their modern size near the beginning of the Oligocene, a period of
poorly documented climate. Here, we present a record of climate evolution across the entire
Oligocene (33.9 to 23.0 Ma) based on TEXgs sea surface temperature (SST) estimates from
southwestern Atlantic Deep Sea Drilling Project Site 516 (paleolatitude ~36<5) and western
equatorial Atlantic Ocean Drilling Project Site 929 (paleolatitude ~0<, combined with a
compilation of existing SST records and climate modeling. In this relatively low CO, Oligocene
world (~300 to 700 ppm), warm climates similar to those of the late Eocene continued with only
brief interruptions, while the Antarctic ice sheet waxed and waned. SSTs are spatially heterogenous,

but generally support late Oligocene warming coincident with declining atmospheric CO». This
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Oligocene warmth, especially at high latitudes, belies a simple relationship between climate and
atmospheric CO, and/or ocean gateways, and is only partially explained by current climate models.
Although the dominant climate drivers of this enigmatic Oligocene world remain unclear, our results
help fill a gap in understanding past Cenozoic climates and the way long-term climate sensitivity

responded to varying background climate states.

Figure 1. Eocene-Oligocene surface temperature data—model comparisons. (A-L) Surface
temperature data—model comparisons for four Eocene—Oligocene time slices. Data—model
comparisons are represented both spatially (A, B, D, E, G, H, J, and K) and as zonal mean of the
differences versus latitude (C, F, I, and L). Differences in A, B, D, E, G, H, J, and K are calculated
as the pointwise difference between the proxy mean value and model annual mean, then optimally
interpolated and plotted as “circles” of difference. The shaded bands in C, F, I, and L represent
minimum and maximum differences associated with the zonal means. Proxy data were compared to
ensembles means from HadCM3L (UK) and CESM simulations. Modeling details are provided in
SI Appendix, Table S1. Compiled Eocene—Oligocene surface temperature proxy data are shown in

SI Appendix, Fig. S9. Refer to Methods and SI Appendix, Text 5, for further details.
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ABSTRACT: In this study, we synthesize terrestrial and marine proxy records, spanning the past
620 ky, to decipher pan-African climate variability and its drivers and potential linkages to hominin
evolution. We find a tight correlation between moisture availability across Africa to El Nifio
Southern Ocean oscillation (ENSO) variability, a manifestation of the Walker Circulation, that was
most likely driven by changes in Earth’s eccentricity. Our results demonstrate that low-latitude
insolation was a prominent driver of pan-African climate change during the Middle to Late
Pleistocene. We argue that these low-latitude climate processes governed the dispersion and
evolution of vegetation as well as mammals in eastern and western Africa by increasing resource-

rich and stable ecotonal settings thought to have been important to early modern humans.
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Figure 1. Suite of study sites and the global WC. (A) Location map of marine and terrestrial proxy
records used for the reconstruction of African climate. Note that the black dots associated with
marine sites (small gray dots) are referred to their respective hinterland region. SAH = Ocean
Drilling Program (ODP) Site 659; LIB = ODP663; BOS = Lake Bosumtwi; CON = ODP Site 1075;
NAMI1 = GeoB1028-5; NAM2 = ODP Site 1082; LOM = MD96-2048; MAL = Lake Malawi; MAG
= Lake Magadi; CHB = Paleolake Chew Bahir; and MED = ODP Site 967. The full list of references
and coordinates for all sites is provided in SI Appendix, Table S1. Blue dots mark marine sites used
for the reconstruction of the WC (SI Appendix, Table S2). (B) SST anomalies and resulting changes
in tropical heating and convection (related to WC) under El Nifio conditions (positive ENSO phase).
(C) SST anomalies and resulting changes in tropical heating and convection (related to WC) under
La Nifa conditions (negative ENSO phase). For more details on the effect of El Nifio/La Nifia on
African precipitation, see SI Appendix. Blue areas = cooling relative to normal conditions; red areas

= warming relative to normal conditions; and black arrows indicate transport direction.
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Figure 2. Pan-African climate variability during the last ~620 ky. (A) Orbital eccentricity (Left)
and precession (Right) (59). (B) Average PC1 loadings derived from the pwPCA. (C) PC1 derived
from the pwPCA. n = number of datasets used in each iteration. (D) Comparison between PC1 and
the SST gradient (ASST; red line) between eastern Pacific Ocean Drilling Program (ODP) Site 806
(32) and western Pacific Ocean ODP Site 846 (33). Designation of El Nifio— and La Nifa—like
conditions follows ref. 30. Breakpoints and their error bounds of PC1 (black boxes), ENSO (red

boxes), and Earth’s eccentricity (gray boxes) are marked.
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Figure 3. Pan-African climate variability relative to the fossil evidence for hominin evolution during
the Middle and Late Pleistocene. A and B show the Spearman correlation coefficients for the months
October to April from years 1891 to 2016 of the NINO3.4 index and the Global Precipitation
Climatology Centre (V2018 land) precipitation data in a 0.5° grid. Positive correlation coefficients
= humid conditions; negative correlation coefficients = arid conditions. The spatial correlation
shown is significant with P > 10%. Analysis and visualization can be found at the following:
https://climexp.knmi.nl/start.cgi. C displays the location of the study sites used for the
reconstruction of pan-African climate variability. The full list of abbreviations, references, and
coordinates for all sites is provided in SI Appendix, Table S1. D-F present the spatiotemporal
distribution of moisture during Phases II, I1I, and IV, thus encompassing a full ~400-ky eccentricity
cycle. The designation of humid/arid (blue/red) for each study site (circle) derives from the
calculation of the proxy median for the respective time slice relative to the reference median value
of the entire data population across the last ~620 ky (see Materials and Methods for details; SI
Appendix, Table S3). The list of key hominin fossil sites traces are marked by black triangles (see
SI Appendix, Table S4 for references). Photographs in D are from Ryan Somma/Wikimedia
Commons. Photographs in E from the top, modified from ref. 60, are from Addis Ababa National

Museum/Wikimedia Commons.
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ABSTRACT: The Mesozoic Dipole Low (MDL) is a period, covering at least ~80 My, of low
dipole moment that ended at the start of the Cretaceous Normal Superchron. Recent studies of
Devonian age Siberian localities identified similarly low field values a few tens of million years
prior to the Permo-Carboniferous Reverse Superchron (PCRS). To constrain the length and timing
of this potential dipole low, this study presents paleointensity estimates from Strathmore (~411 to
416 Ma) and Kinghorn (~332 Ma) lava flows, United Kingdom. Both localities have been studied

for paleomagnetic poles (Q values of 6 to 7), and the sites were assessed for their suitability for
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paleointensity from paleodirections, rock magnetic analysis, and microscopy. Thermal and
microwave experiments were used to determine site mean paleointensity estimates of ~3 to 51 uT
(6 to 98 ZAm?) and 4 to 11 uT (9 to 27 ZAm?) from the Strathmore and Kinghorn localities,
respectively. These, and all the sites from 200 to 500 Ma from the (updated) Paleointensity database
(PINTI15), were assessed using the Qualitative Paleointensity criteria (Qpi). The procurement of
reliable (Qpr = 5) weak paleointensity estimates from this and other studies indicates a period of
low dipole moment (median field strength of 17 ZAm?) from 332 to 416 Ma. This “Mid-Paleozoic
Dipole Low (MPDL)” bears a number of similarities to the MDL, including the substantial increase
in field strength near the onset of the PCRS. The MPDL also adds support to the inverse relationship
between reversal frequency and field strength and a possible ~200 My cycle in paleomagnetic

behavior relating to mantle convection.

Figure 1. The age distribution of all the virtual (axial) dipole moment [V(A)DM] values with Qp; >0
between 200 and 500 Ma. Summaries of the Qpr scores applied to each of the studies from this period are
outlined in Datasets S3 and S4. The size and the color of the circles representing the V(A)DM values
corresponds to the Qpr scoring as outlined in the key. The PRE, PCRS, and POST sections refer to the
same age bins used for the Kolmogorov-Smirnov tests in Fig. 5 and SI Appendix, Table S2. The dashed
lines represent (A) the present day field strength (50), (B) CNS at Qp = 3 (16), (C) JHAP Qp; = 3
(16), (D) JHAP Qp = 0 (16), (E) the maximum possible, and (F) the minimum possible reversal

frequency from the Canning basin magnetostratigraphy (45).
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Figure 2. Boxplots showing the V(A)DM distribution of the PRE, PCRS and POST bins (same as in SI
Appendix, Table S2). The boxplots are filtered based on the total QPI scores applied to the sites, between
Qe = land Qpr = 5 (A - E) and for sites that pass the AGE, ALT, and MD criteria (F). The numbers
over the boxes display the number of sites in each of the age bins. On each box, the central mark is the
median, the edges of the box are the 25th and 75th percentiles, the dashed lines extend to the most

extreme data points not considered outliers, and outliers are plotted individually (+).
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