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ABSTRACT: The knowledge of the secular variation of the geomagnetic field at different time
scales is important to determine the mechanisms that maintain the geomagnetic field and can help
to establish constraints in dynamo theories. We have focused our study on the secular variation at
millennial and centennial time scale searching for characteristic periods during the last 10 kyr. The
frequency study was performed using four recent updated global paleomagnetic field
reconstructions (SHA.DIF.14k, CALS10k.2, BIGMUDI4k and SHAWQ2k) by applying three
techniques commonly used in signal analysis: the Fourier transform, the Empirical Mode
Decomposition, and the wavelet analysis.

Short-term variability of the geomagnetic field energy shows recurrent periods of around 2000,
1000-1400, and 600—-800 and 250—400 years. The characteristic time around 600—800 years is well
determined in all paleomagnetic reconstructions and it is mostly related to the axial dipole and axial
octupole terms, but also observable in the equatorial dipole. In addition to this period, longer
characteristic times of around 1000-1400 years are found particularly in the equatorial dipole and
quadrupole terms in SHA.DIF.14k, CALS10k.2 and BIGMUDI4k while the 2000 year period is
only well determined in the total geomagnetic field energy of SHA.DIF.14k and CALS10k.2. The
most detailed paleoreconstructions for younger times also detect shortest characteristic times of
around 250—400 years.

The long-term variation of the geomagnetic energy is only observable in the axial dipole. A
characteristic period of around 7000 years in both SHA.DIF.14k and CALS10k.2 has been found.
This long period is related to two decays in the dipole field and a period of increasing intensity. The
oldest decay took place between 7000 BCE and 4500 BCE and the present decay that started around
100 BCE. We have modeled the 4500 BCE up to present variation as a combination of a continuous
decay, representing the diffusion term of the geomagnetic field, and one pulse that reinforces the
strength of the field. Results show a characteristic diffusion time of around 11,000—15,000 years,

which is compatible with the diffusion times of the dipole field used in geodynamo theories.
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Figure 1. a) Temporal evolution of the first three Gauss coefficients: absolute value of g:° (top), gi!
(middle) and h;! (bottom) for SHA.DIF.14k (black), CALS10k.2 (green), BIGMUDI4k (blue) and
SHAWQ2k (red). b) Long-term of the |g:° from SHA.DIF.14k (black) with error band and CALS10k.2
(green) without it as it does not provide Gauss coefficient uncertainties. (For interpretation of the

references to color in this figure legend, the reader is referred to the web version of this article.)
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Figure 2. Best fit (blue) for the long-term of |g:°| (black) in SHA.DIF.14 k (left) and CALS10k.2 (right)
for the two scenarios explained in the main text: Case 1 (top) and Case 2 (bottom). Each figure also
presents the most probable values of 7 (years) at 95% probability (pink bar) in each case and
paleoreconstruction. (For interpretation of the references to color in this figure legend, the reader is

referred to the web version of this article.)
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ABSTRACT: The Southern Ocean is widely recognized as a potential cause of the lower
atmospheric concentration of CO» during ice ages, but the mechanism is debated. Focusing on the
Southern Ocean surface, we review biogeochemical paleoproxy data and carbon cycle concepts that
together favor the view that both the Antarctic and Subantarctic Zones (AZ and SAZ) of the
Southern Ocean played roles in lowering ice age CO; levels. In the SAZ, the data indicate dust-
driven iron fertilization of phytoplankton growth during peak ice age conditions. In the ice age AZ,
the area-normalized exchange of water between the surface and subsurface appears to have been
reduced, a state that we summarize as “isolation” of the AZ surface. Under most scenarios, this
change would have stemmed the leak of biologically stored CO> that occurs in the AZ today. SAZ
iron fertilization during the last ice age fits with our understanding of ocean processes as gleaned
from modern field studies and experiments; indeed, this hypothesis was proposed prior to
evidentiary support. In contrast, AZ surface isolation is neither intuitive nor spontaneously
generated in climate model simulations of the last ice age.

In a more prospective component of this review, the suggested causes for AZ surface isolation
are considered in light of the subarctic North Pacific (SNP), where the paleoproxies of productivity
and nutrient consumption indicate similar upper ocean biogeochemical changes over glacial cycles,
although with different timings at deglaciation. Among the proposed initiators of glacial AZ surface
isolation, a single mechanism is sought that can explain the changes in both the AZ and the SNP.
The analysis favors a weakening and/or equatorward shift in the upwelling associated with the
westerly winds, occurring in both hemispheres. This view is controversial, especially for the SNP,
where there is evidence of enhanced upper water column ventilation during the last ice age. We offer
an interpretation that may explain key aspects of the AZ and SNP observations. In both regions,
with a weakening in westerly wind-driven upwelling, nutrients may have been “mined out” of the
upper water column, possibly accompanied by a poleward “slumping” of isopycnals. In the AZ, this

would have encouraged declines in both the nutrient content and the formation rate of new deep



water, each of which would have contributed to the lowering of atmospheric CO,. Through several
effects, the reduction in AZ upwelling may have invigorated the upwelling of deep water into the
low latitude pycnocline, roughly maintaining the pycnocline’s supply of water and nutrients so as
to (1) support the high productivity of the glacial SAZ and (2) balance the removal of water from
the pycnocline by the formation of Glacial North Atlantic Intermediate Water. The proposed return
route from the deep ocean to the surface resembles that of Broecker’s (1991) “global ocean

conveyor,” but applying to the ice age as opposed to the modern ocean.
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Figure 1. Schematic of the global ocean’s interior circulation today (a) and a proposal for the Last Glacial
Maximum (b, LGM). Abbreviations are as follows: PAZ, Polar Antarctic Zone; OAZ, Open Antarctic
Zone; SAZ, Subantarctic Zone; NADW, North Atlantic Deep Water; GNAIW, Glacial North Atlantic
Intermediate Water; PDW, Pacific Deep Water; IDW, Indian Deep Water; UCDW, Upper Circumpolar
Deep Water; LCDW, Lower Circumpolar Deep Water; AABW, Antarctic Bottom Water; AAIW,
Antarctic Intermediate Water; SAMW, Subantarctic Mode Water; ITF, Indonesian Throughflow; AE,
Agulhas Eddies (ITF and AE return surface water from the Pacific to the Atlantic). Circled points and
crosses show water and westerly wind transports out of and into the page, respectively (with the winds
as orange circles). Line thickness changes among panels largely denote changes in flow rate, with thin
dashed lines representing the greatest declines from modern; in the modern, the thinner flow lines in the

SNP denote weaker wind-driven upwelling than in the AZ. Double-direction arrows indicate lateral
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mixing between surface PAZ and OAZ in the Southern Ocean, vertical mixing across the base of the
mixed layer in the AZ and SNP, and vertical (i.e., diapycnal) mixing in the ocean interior. Line colors
indicate nutrient (nitrate phosphate) concentration according to the color scale (red highest and blue
lowest). All panels show the global ocean’s upper and lower overturning cells (i.e., those beginning in
the SAZ and PAZ, respectively); the depiction follows Toggweiler et al. (2006) but shows the
interconnection of the cells described by Talley (2013) and highlighted by Ferrari et al. (2014). The gray
scale indicates relative water densities, with light gray shading indicating the global pycnocline, the
proposed poleward “slumping” of which is shown in (b) for the LGM and is explained in the text. For
explanation of (a), see section 2. Additional phenomena in (b) include an equatorward shift and
weakening in the westerly winds (black horizontal arrows and wind symbol size reduction) and increased
dust-borne iron supply to the SAZ (brown stipples). For further explanation of (b), see sections 6, 7, and

9.
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Figure 2. Reconstructions of biogenic flux and fossil-bound nitrogen isotopic composition from the SAZ
and AZ over the last full glacial cycle. The Antarctic air temperature reconstruction from EPICA Dome
C ice deuterium is shown in black (a; Jouzel et al., 2007), and the atmospheric CO2 reconstruction
compiled from Antarctic ice cores is shown in gray (b; Ltthi et al., 2008). The dark gray background

indicates the main glacial intervals MIS 6 and 2e4, the white indicates the full interglacial intervals (MIS



5e and 1), and the light gray indicates a period early in the development of the last ice age (MIS 5a-d).
In the SAZ, 230Th-normalized fluxes of alkenones (c, purple) and iron (f, light gray) and foraminifera-
bound d**N (d, dark green) are from the Atlantic sector core ODP Site 1090 (Mart hez-Garc & et al.,
2014). Plotted with the ODP Site 1090 foram-bound d**N is a compilation of deep sea coral-bound d*°N
from the SAZ south of Tasmania (e, olive; Wang et al., 2017). In the AZ, sediment barium-to-iron ratio
(g, blue), 230Th-normalized opal flux (h, purple), and pennate diatom-bound d**N (i, green) are from the
Pacific sector core PS75/072-4 (Studer et al., 2015). Coral-bound d*N is also shown from the AZ in the
Drake Passage (j, olive; Wang et al., 2017). Throughout, d**N is in permil, referenced to air N2. In the
SAZ, both biogenic flux and d*>N are higher in glacial stages, suggesting higher export production and
more complete nitrate consumption in response to higher dust-borne iron fluxes to the SAZ, supporting
the iron fertilization hypothesis first proposed by John Martin. In the AZ, biogenic flux is lower in the
glacial stages than interglacial stages, suggesting lower export production, while d*°N is higher in glacial
stages, suggesting a higher degree of nitrate consumption. The combined changes in these two parameters

indicate a reduction in gross nitrate supply to the surface mixed layer during glacial stages.
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Figure 3. Comparison of reconstructions of biogenic flux and fossil-bound nitrogen isotopic composition
from the AZ and western SNP, which argue for reduced nitrate supply in both regions during ice ages.
The benthic foraminifera d*®0 stack of Lisiecki and Raymo (2005) is shown in black, and the atmospheric
CO, reconstruction compiled from Antarctic ice cores is shown in gray (Lithi et al., 2008). The gray
background indicates the main glacial intervals MIS 6 and 2e4, and the white indicates the predominantly

interglacial intervals MIS 5 and 1. In the AZ, 230Th-normalized opal accumulation and barium-to-iron
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ratio (purple and blue) and pennate diatom-bound d**N (dark green) are from Pacific sector core
PS75/072-4 (Studer et al., 2015). Plotted with the diatom-bound d**N is a compilation of deepsea coral-
bound d**N from the AZ in the Drake Passage (olive; Wang et al., 2017). In the western SNP, biogenic
barium concentration (blue) is from ODP Site 882, biogenic opal concentration records are from ODP
Site 882 and Roundabout PC13 (pink and purple), diatombound d**N (dark green) is from PC13, and
foraminifera-bound d**N (grass green) is from INOPEX core SO202-07-6 (Jaccard et al., 2005; Brunelle
et al., 2010; Ren et al., 2015). Diatom-bound d**N is also shown from Healy-0202 JPC17 in the central
Bering Sea back to 50 ka (aqua) (Brunelle et al., 2007). In both regions, biogenic fluxes are lower in
glacial stages than interglacial stages, while d**N is higher in glacial stages, the former suggesting lower
export production and the latter suggesting a higher degree of nitrate consumption. Following the
arguments of Frangis et al. (1997), the combined changes in these two parameters require a reduction
in gross nitrate supply to the surface mixed layer during glacial stages. Both SNP diatom-bound d**N
records show a local minimum during Heinrich Stadial 1 (HS1) at the end of MIS 2; this minimum does
not occur in foraminifera-bound d**N (Ren et al., 2015; see Fig. 6) and appears to be an artifact deriving
from sponge spicules due to the very low abundance of diatom opal in this depth interval of the western

SNP sediment cores (Studer et al., 2013).
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Figure 4. Comparison of reconstructions of biogenic flux and diatom- or foraminiferabound nitrogen
isotopic composition from the AZ and western SNP across the last glacial termination (i.e., the last
deglaciation). In the AZ (right), 230Th-normalized opal and biogenic barium accumulation (purple and
pink), pennate and total diatom-bound d**N (dark and light green), and TEX86 L -based sea surface

temperature (bronze) are from the same Pacific sector core (PS75/072-4) as shown in Figs. 4 and 5. In
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the western SNP (left), 230Th-normalized fluxes of biogenic barium (pink), biogenic opal (purple), and
CaCO; (blue) and the d**N of foraminifera-bound N (N. pachyderma (s) in dark green, G. bulloides in
light green) are from core SO202-07-6 (Ren et al., 2015); Mg/Ca-based sea surface temperature (bronze)
is from core SO-201-2-12KL (Riethdorf et al., 2013); and boron isotope-based surface water pCO- (pink)
is from core MDO01-2416 (Gray et al., 2018). The ice d*®0 record from Greenland ice core NGRIP and
the ice dD record from Antarctic ice core EPICA Dome C are shown in black on the left and right,
reflecting northern and southern hemisphere high latitude air temperature (NGRIP Community Members,
2004; Jouzel et al., 2007). The gray background indicates northern hemisphere cold phases first identified
in the circum-North Atlantic (Heinrich Stadial 1 (HS1) and the Younger Dryas (YD)), and the white
indicates warmer northern hemisphere intervals (the Bolling-Allerod (BeA), also indicated as the
Antarctic Cold Reversal (ACR), and the post-Younger Dryas). Triangles indicate age control points for
S0202-07-6 (left) and PS75/072-4 (right) (Studer et al., 2015; Ren et al., 2015). The SO202-07-6 age
model is well-resolved (Serno et al., 2015; Ren et al., 2015) and clearly indicates that the deglacial
increase in surface/subsurface exchange in the SNP does not occur until the B-A. The SNP d15N decline
may have been delayed by subsurface nitrate d'°>N changes during the B-A (Ren et al., 2015), such that
SNP nitrate consumption may have fallen earlier in the B-A than is suggested by the timing of the d15N
decline. While the age model at AZ core PS75/072-4 derives largely from planktonic d'8O (Studer et al.,
2015) and is less certain, the first rise in TEX86Lbased sea surface temperature in the core, when aligned
with the warming reflected in Antarctic ice core dD, indicates that the AZ biogeochemical changes began
during HS1 and not during the B-A, and this is consistent with other studies (Anderson et al., 2009;

Jaccard et al., 2013).
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Figure 5. Mechanisms through which a weakening in the upper cell of Southern Ocean circulation could
lead to the storage of more CO; in the deep ocean during ice ages. Southward is to the left in each panel.
Gray shading qualitatively indicates the nutrient (nitrate or phosphate) concentration, and dotted arrows
indicate a reduction in magnitude relative to the interglacial condition. (a) The modern condition of
strong upper and lower cells and incomplete surface nutrient consumption. (b, ¢, d) Reduced upper cell
strength (dotted lines) relative to the interglacial case, leading to three separable but non-exclusive
mechanisms for increased deep CO- storage. (b) Lower surface nutrient concentration across the entire
AZ, including the PAZ, the region mostly directly ventilating the lower cell, leading to a reduction in the
preformed nutrient content of the deep ocean. In the OAZ, nutrients are proposed to have been lowered
not only at the surface but also in the shallow subsurface; this is proposed to be the result of “nutrient
mining” and/or pycnocline slumping (see text). Export production was apparently reduced throughout
the glacial AZ — both the OAZ and the PAZ (thinning and dashing of the wavy green arrows). Thus, for
surface nutrients to be low in the glacial PAZ without a decline in overturning in the region, lower-
nutrient water must have been mixed in from the OAZ (horizontal bidirectional arrow). Note that the

deep ocean maintains high nutrient concentrations, with the preformed nutrient concentration decline
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matched by a rise in regenerated nutrients (and thus more CO; storage). (c) The increase in the residence
time of AZ surface waters may lead to a strengthening of the halocline, which causes a reduction of deep
ocean ventilation by the lower cell (Toggweiler et al., 2006; De Boer et al., 2008). In this case, the PAZ
may also have experienced a decline in surface nutrient concentration due to its own changes in
overturning (i.e., the reduction in nutrient supply from the lower cell). CO leakage from the region would
have decreased without a decline in PAZ surface nutrient concentration, but the CO; decrease would
have been greater with a surface nutrient decline. In (c), the upper and lower cells are shown shifted
northward, as this shift may also have helped the PAZ halocline to strengthen (Lawrence et al., 2013).
(d) Decreased Ekman transport should have caused a weakening in eddy mixing along interior isopycnals
that would have reduced deep ocean ventilation (Abernathey and Ferreira, 2015). Not shown here but
shown in Fig. 1 b due to its global scale, an equatorward migration of the westerlies may also have slowed
the lower cell by shoaling the deep ocean contact zone between the lower limb of the upper cell and the
upper limb of the lower cell, so as to be further above the mixing-inducing features of the seafloor
(Watson and Naveira Garabato, 2006; Lund et al., 2011; Ferrari et al., 2014; De Boer and Hogg, 2014).
However, our comparison of the AZ with the SNP (Figs. 5 and 6; Table 1) argues that such a deep ocean

change did not initiate the ice age surface isolation of the AZ.
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Rosentreter J A, Borges AV, Deemer B R, et al. Half of global methane emissions come from highly
variable aquatic ecosystem sources[J]. Nature Geoscience, 2021: 1-6.

https://doi.org/10.1038/s41561-021-00715-2
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ABSTRACT: Atmospheric methane is a potent greenhouse gas that plays a major role in
controlling the Earth’s climate. The causes of the renewed increase of methane concentration since
2007 are uncertain given the multiple sources and complex biogeochemistry. Here, we present a
metadata analysis of methane fluxes from all major natural, impacted and human-made aquatic
ecosystems. Our revised bottom-up global aquatic methane emissions combine diffusive, ebullitive
and/or plant-mediated fluxes from 15 aquatic ecosystems. We emphasize the high variability of
methane fluxes within and between aquatic ecosystems and a positively skewed distribution of
empirical data, making global estimates sensitive to statistical assumptions and sampling design.
We find aquatic ecosystems contribute (median) 41% or (mean) 53% of total global methane

16


https://doi.org/10.1038/s41561-021-00715-2

emissions from anthropogenic and natural sources. We show that methane emissions increase from

natural to impacted aquatic ecosystems and from coastal to freshwater ecosystems. We argue that

aquatic emissions will probably increase due to urbanization, eutrophication and positive climate

feedbacks and suggest changes in land-use management as potential mitigation strategies to reduce

aquatic methane emissions.
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Figure 1. Inland water and coastal ocean areal methane fluxes. The violin plots include box plots

showing median, lower (Q1) and upper (Q3) quartiles and 1.5 times the length of the interquartile range

of methane fluxes from streams and rivers, lakes, reservoirs, aquaculture ponds (coastal and freshwater),

estuaries, mangroves, salt marshes, seagrasses, tidal flats and continental shelves compiled in this study.

Note the natural-log (In) scale on the y-axis. All datasets (non-log transformed) are positively skewed

(skewness coefficient >1, range 1.1 - 9.8).
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Figure 2. Global aquatic methane emissions compared with other global methane sources and sinks.

Methane emission (Tg CH, yr“)

Cumulative BU mean (IQR) and median (=£c.i.95%) aquatic methane emissions estimated in this
study compared with other BU methane sources versus BU and TD methane sinks from Saunois et
al. (Table 2). The coastal and open ocean estimate includes emissions from estuaries, salt marshes,
mangroves, seagrasses, tidal flats, coastal aquaculture ponds, continental shelves, continental slopes
and the open ocean. Error estimates for freshwater wetland and rice emissions are based on
inventory and biogeochemical modelling efforts, therefore showing comparably low variability and

uncertainty.
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Figure 3. Global aquatic methane emissions from headwater streams to the open ocean. Numbers are Tg
CH4 yr-1. Mean emissions are shown in blue circles, and median emissions are shown in green circles.

The relative importance of the factors controlling methane distribution and emissions varies along the

land-ocean aquatic continuum.
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ABSTRACT: For the past few centuries, the temporal variation in Earth’s magnetic field in the
Pacific region has been anomalously low. The reason for this is tied to large-scale flows in the liquid
outer core near the core—mantle boundary, which are weaker under the Pacific and feature a
planetary-scale gyre that is eccentric and broadly avoids this region. However, what regulates this
type of flow morphology is unknown. Here we present results from a numerical model of the
dynamics in Earth’s core that includes electromagnetic coupling with a non-uniform conducting
layer at the base of the mantle. We show that when the conductance of this layer is higher under the
Pacific than elsewhere, the larger electromagnetic drag force weakens the local core flows and
deflects the flow of the planetary gyre away from the Pacific. The nature of the lowermost mantle
conductance remains unclear, but stratified core fluid trapped within topographic undulations of the

core—mantle boundary is a possible explanation.
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Figure 1. The low geomagnetic secular variation in the Pacific. a, The mean intensity of the radial

component of the SV at the CMB, |B;l, over the timeperiod 1590—1990 from the gufm field model*. The
r.m.s. amplitude of IB,l in the Pacific (pink dashed circle) is 796.32 nT yr while the global average
is1,332.86 nT yr, for a ratio of 0.5975. b, The radial component of the SV at the CMB, 1B, in 2015
from the CHAOS-6 field model® truncated at spherical harmonic degree 16. The r.m.s. amplitude of IB,

| lover the Pacific (pink dashed circle) is 2,034.13 nT yr~! while the global average is 4,401.09nT yr 7,

for a ratio of 0.4622.

020
0.15
0.10
0.05

b4 °
=R
Aronon [eixy

-0.15
-0.20

0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001
0

apnydwe "s'wri moj4

Figure 2. Modification of core flows by a non-uniform EM drag at the CMB. a—d, Snapshots of the axial
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vorticity (top row) and time-averaged flow maps (bottom row; colour scale indicates flow speed, arrows
show direction) from our quasi-geostrophic model for Ra =5 <108 Pm=0.1and x =1 (a), 3 (b),5 (c)
and 10 (d). All plots are equatorial planforms. The Pacific region is shown in the bottom section of each
planform, and is delimited by a dashed green line in b, ¢c and d. The colour scales on the right are common

to all four panels and are in non-dimensional units.

22



5. ZHBIR X AN — PR B ILE A TR A

BN G fengwy@sustech.edu.cn

Grevemeyer I, Kodaira S, Fujie G, et al. Structure of oceanic crust in back-arc basins modulated
by mantle source heterogeneity[J]. Geology, 2021, 49(4): 468-472.

https://doi.org/10.1130/G48407.1
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ABSTRACT: Subduction zones may develop submarine spreading centers that occur on the overriding
plate behind the volcanic arc. In these back-arc settings, the subducting slab controls the pattern of mantle
advection and may entrain hydrous melts from the volcanic arc or slab into the melting region of the
spreading ridge. We recorded seismic data across the Western Mariana Ridge (WMR, northwestern
Pacific Ocean), a remnant island arc with back-arc basins on either side. Its margins and both basins
show distinctly different crustal structure. Crust to the west of the WMR, in the Parece Vela Basin, is 4—
5 km thick, and the lower crust indicates seismic P-wave velocities of 6.5-6.8 km/s. To the east of the
WMR, in the Mariana Trough Basin, the crust is ~7 km thick, and the lower crust supports seismic
velocities of 7.2—7.4 km/s. This structural diversity is corroborated by seismic data from other back-arc

basins, arguing that a chemically diverse and heterogeneous mantle, which may differ from a normal
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mid-ocean-ridge-type mantle source, controls the amount of melting in back-arc basins. Mantle
heterogeneity might not be solely controlled by entrainment of hydrous melt, but also by cold or depleted
mantle invading the back-arc while a subduction zone reconfigures. Crust formed in back-arc basins may

therefore differ in thickness and velocity structure from normal oceanic crust.
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Figure 1. Seismic results from the West Mariana Ridge (northwestern Pacific Ocean). (A) Bathymetry
along seismic profile MR101c across the West Mariana Ridge. (B) P-wave velocity model. (C) Mean
lower-crustal velocity (blue) and crustal thickness (red). Reference velocity of 7 km/s for normal lower
crust formed at mid-ocean ridges is shown by the blue dashed line; reference crustal thickness of 6 km

is given by the dotted red line.
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Figure 2. Classification of crust based on lowercrustal velocity and crustal thickness; melting of
pyrolytic mantle at normal mantle temperature should form 6-km-thick oceanic crust (orange square;
Sallares et al., 2005). Depending on the tectonic setting, oceanic crust may deviate from the reference as
indicated by the gray symbols (light gray—slow and ultraslow spreading ridges; gray—fast spreading
ridges [Grevemeyer et al., 2018); dark gray—hotspot provinces [Hopper et al., 2003; White et al.,
2008]). Colored symbols are back-arc spreading centers: blue circles—Parece Vela Basin (PVB,
northwestern Pacific Ocean; this study); red circles—Mariana Trough Basin (MTB; this study); light
blue diamonds—Eastern Lau Basin (ELB, southwestern Pacific Ocean; Arai and Dunn, 2014); green
triangle—Mariana Trough spreading center (MT; Takahashi et al., 2008); blue square—western Parece
Vela Basin (WPVB; Nishizawa et al., 2007); light green triangle—Shikoku Basin (SB; Nishizawa et al.,
2011); green square—Algerian-Balearic Basin (ABB, western Mediterranean Sea; Booth-Rea et al.,
2018); red triangle—Valu Fa Ridge in the southern Lau Basin (VFR; Turner et al., 1999); red inverted

triangle—Central Lau Basin (CLB; Crawford et al., 2003).
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McArthur A D, Tek D E. Controls on the origin and evolution of deep-ocean trench-axial
channels[J]. Geology, 2021.

https.//doi.org/10.1130/G48612.1
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ABSTRACT: The type and volume of sediment entering subduction zones affects the style of plate-
boundary deformation and thus sedimentary and tectonic cycles. Because submarine channels
significantly increase the transport efficiency of turbidity currents, their presence or absence in
subduction trenches is a primary control on trench fill. To date, comprehensive architectural
characterization of trench-axial channels has not been possible, undermining efforts to identify the
factors controlling their initiation and evolution. Here, we describe the evolution of the Hikurangi

Channel, which traverses the Hikurangi Trench, offshore New Zealand. Analysis of two- and three-
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dimensional seismic data reveals that the channel was present only during the last ~3.5 m.y. of the
~27 m.y. of the trench’s existence; its inception and propagation resulted from increased sediment
supply to the trench following amplified hinterland exhumation. To test if the controls on the
evolution of the Hikurangi Channel are universal, multivariate statistical analysis of the
geomorphology of subduction trenches globally is used to investigate the formative conditions of
axial channels in modern trenches. Terrigenous sediment supply and thickness of sediment cover in
a trench are the dominant controls; subsidiary factors such as trench length and rugosity also
contribute to the conditions necessary for trench-axial channel development. Axial channels regulate
sediment distribution in trenches, and this varies temporally and spatially as a channel propagates
along a trench. The presence of a trench-axial channel affects plate-boundary mechanics and has

implications for the style of subduction-margin deformation.
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Figure 1. Schematic representation of controls on trench fill and axial-channel evolution. Mod.—

moderate; med.—medium.
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Herzschuh U, Cao X, Laepple T, et al. Position and orientation of the westerly jet determined
Holocene rainfall patterns in ChinalJ]. Nature communications, 2019, 10(1): 1-8.
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ABSTRACT: Proxy-based reconstructions and modeling of Holocene spatiotemporal precipitation
patterns for China and Mongolia have hitherto yielded contradictory results indicating that the basic
mechanisms behind the East Asian Summer Monsoon and its interaction with the westerly jet stream
remain poorly understood. We present quantitative reconstructions of Holocene precipitation
derived from 101 fossil pollen records and analyze them with the help of a minimal empirical model.
We show that the westerly jet-stream axis shifted gradually southward and became less tilted since
the middle Holocene. This was tracked by the summer monsoon rain band resulting in an early-
Holocene precipitation maximum over most of western China, a mid-Holocene maximum in north-
central and northeastern China, and a late-Holocene maximum in southeastern China. Our results
suggest that a correct simulation of the orientation and position of the westerly jet stream is crucial

to the reliable prediction of precipitation patterns in China and Mongolia.
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Figure 1. Holocene precipitation patterns for eastern Asia derived from clustering of Holocene time-

series of pollen-inferred and simulated annual precipitation. a—c (pollen-infered) and g—i (simulated)

show temporal variations in the centers of each cluster, as derived from unsupervised fuzzy competitive

learning (see Methods). d—f Show the spatial distribution of pollen-inferred time-series that have a

membership degree >0.5 to a particular cluster. j—I Show the spatial distribution of simulated time-series

that have a membership degree >0.5 to a particular cluster
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Figure 2. Reconstructed and simulated precipitation of selected sites in China and Mongolia. Pollen-
based reconstructions of annual precipitation (mm/year; black circles are original data points, red lines
is loess smoothed values (span: 0.5, left scale) compared to simulated precipitation anomalies (mm/year,
blue lines, right scale) using a minimal empirical model of selected sites. Correlation coefficient and p-
values are indicated (i.e., between loess-smoothed reconstructions and simulated time-series from the
respective grid-cell). Central map shows the locations of the sites: only sites that had a sufficiently
high-resolution and a reliable age model were selected (see Supplementary Table 3 for further details).

(Note axes are not on the same scale.)
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Figure 3. Sketch maps of eastern Asia showing the major summer precipitation and circulation
characteristics for early, middle, and late Holocene. Original results were derived by applying pollen-
based transfer functions to 101 fossil pollen records and using a minimal empirical model based on
present-day relationships between insolation, the position of the westerly jet stream, and spatial
distribution patterns for precipitation. (EASM—East Asian Summer Monsoon, ISM—Indian Summer

Monsoon)
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on Mars[J]. Geophysical Research Letters, 2021, 48(6): 2020GL090379.
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ABSTRACT: Martian orbital and lander measurements revealed strong (1-2) orders of magnitude
greater than Earth) crustal magnetic anomalies and the lack of an active detectable core dynamo.
This strong crustal magnetization remains unexplained given that models of an ancient core dynamo
on Mars predict surface field strengths comparable to modern Earth. We explored the relationship
between Mars' crustal magnetization and its composition in multivariate space. We identified that
530 and 1,000 nm absorptions (from orbital spectrometers) have unique correlations with crustal
magnetization in the Terra Sirenum-Terra Cimmeria region and 13% of the variance of the
magnetization can be attributed to these correlations. Because we do not expect the topmost material,
detectable by the orbital spectrometers, to retain magnetization from an ancient core dynamo, we
propose this material is compositionally similar to the bulk rock below it, which is more likely to

retain magnetization. Therefore, the observed variance is a lower limit.
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Figure 1. (a) Surface magnetic field prediction at 4 pixels/degree calculated using Langlais et al. (2019),
regions where the predicted surface field was below 100 nT are excluded. Background is MOLA

topography. (b) InSight result from Johnson et al. (2020) are shown above the predicted values.
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Bufe A, Hoviu N, Emberson R, et al. Co-variation of silicate, carbonate and sulfide weathering
drives CO; release with erosion[J]. Nature Geoscience, 2021, 14:211-216.
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ABSTRACT: Global climate is thought to be modulated by the supply of minerals to Earth’s surface.
Whereas silicate weathering removes carbon dioxide (CO;) from the atmosphere, weathering of
accessory carbonate and sulfide minerals is a geologically relevant source of CO,. Although these
weathering pathways commonly operate side by side, we lack quantitative constraints on their co-
variation across erosion rate gradients. Here we use stream-water chemistry across an erosion rate
gradient of three orders of magnitude in shales and sandstones of southern Taiwan, and find that
sulfide and carbonate weathering rates rise with increasing erosion, while silicate weathering rates
remain steady. As a result, on timescales shorter than marine sulfide compensation (approximately

10°-107 years), weathering in rapidly eroding terrain leads to net CO» emission rates that are at least
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twice as fast as CO, sequestration rates in slow-eroding terrain. We propose that these weathering
reactions are linked and that sulfuric acid generated from sulfide oxidation boosts carbonate
solubility, whereas silicate weathering kinetics remain unaffected, possibly due to efficient buffering
of the pH. We expect that these patterns are broadly applicable to many Cenozoic mountain ranges

that expose marine metasediments.
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Figure 1. Link between sulfuric acid, weathering and pH. a, Co-variation of cation concentrations with
sulfate. b, Predicted maximum pH in the weathering zone (pHeq) against catchment-averaged steepness
index (lower x axis) and inferred erosion rates (upper x axis). ¢, Predicted pH for a carbonate-buffered

solution after addition of sulfuric acid (pHsos) against the equilibrium pH. The solid line shows
regression with 95% confidence bands; the dotted lines show initial pH before addition of sulfuric acid.
Symbols mark dominant lithology (see Fig. 1). Error bars are equivalent to a 95% confidence interval.

Samples with anomalously high sulfate concentrations are marked as darker points.
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Figure 2. Impact of erosion on the long-term carbon cycle. Moles of CO, emitted or sequestered per
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volume of water against catchment-averaged steepness index (lower x axis) and inferred erosion rates
(upper x axis). Symbols mark dominant lithology (see Fig. 1). Error bars are equivalent to a 95%

confidence interval. Samples with anomalously high sulfate concentrations are marked as darker points.
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ABSTRACT: Data availability and temporal resolution make it challenging to unravel the anatomy
(duration and temporal phasing) of the Last Glacial abrupt climate changes. Here, we address these
limitations by investigating the anatomy of abrupt changes using sub-decadal-scale records from
Greenland ice cores. We highlight the absence of a systematic pattern in the anatomy of abrupt
changes as recorded in different ice parameters. This diversity in the sequence of changes seen in
ice-core data is also observed in climate parameters derived from numerical simulations which
exhibit self-sustained abrupt variability arising from internal atmosphere-ice-ocean interactions.
Our analysis of two ice cores shows that the diversity of abrupt warming transitions represents
variability inherent to the climate system and not archive-specific noise. Our results hint that during
these abrupt events, it may not be possible to infer statistically-robust leads and lags between the

different components of the climate system because of their tight coupling.
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Figure 1. Abrupt climate variability recorded in Greenland water isotopic records. a NGRIP §'80 record5.
Studied abrupt warming transitions are highlighted with red vertical bars and Greenland Interstadials (GI)
are numbered. Gray boxes indicate intervals shown in (b—g), illustrating the variety of abrupt GS-GI
transitions across the Last Glacial; stadials containing Heinrich events are indicated in yellow following
refs. and Marine Isotope Stages (MIS) are indicated in gray. b—g High-resolution §'80 from NGRIP (dark
blue) and NEEM (light blue) and d-excess from NGRIP (red) and NEEM (orange) over 400 yr time
intervals centered on the Holocene abrupt onset (b) and the abrupt transitions into GI-5.2 (c), GI-8c (d),

GI1-18 (e), GI-19.2 (f), and GI-20c (g).
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Figure 2. Anatomy of self-sustained abrupt transitions simulated in CCSM4. Onset and endpoints (dots)

of modeled abrupt transitions (oblique lines) together with associated uncertainty intervals (horizontal
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shaded lines) found by the ramp-fitting analysis on time series of the annual surface air temperature (blue)
and the annual precipitation rate (black) both at the model grid point closest to NGRIP, the sea-ice extent
in the Irminger Seas (light orange) and an NAO index defined as PC1 of sea-level pressure variations in
the North Atlantic region (purple; details in SOM) over the two unforced oscillations simulated in
CCSM4 with atmospheric CO; concentrations of (a—b) 185 ppm, (c¢) 200 ppm, and (d) 210 ppm. The time
series (numbered 1-6) are shown in Supplementary Figure 7. (a) simulated time series for each climate
parameter from the first modeled abrupt change under a CO2 concentration background of 185 ppm are
represented together with the resulting identification of the onset and the end of the abrupt transition
from the ramp-fitting analysis to illustrate what is represented in (b—d). All transitions are shown relative
to the timing of the onset of the NGRIP surface air temperature transition (dashed vertical line). The
vertical amplitude between the onset and the end of each transition is the same for all tracers, it has been
set arbitrarily and does not represent the true amplitude of change for each ice-core tracer. (€) Zoom on
the duration estimates of the transitions in the simulated climatic parameters. Uncertainty intervals in the
transition duration range from 15 to 118 yr with a mean of 57 yr (they are omitted here for clarity

purposes).
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ABSTRACT: Carbonate lacustrine strata in nonmarine systems hold great potential for refning
depositional ages through U-Pb dating of detrital zircons. The low clastic sediment flux in carbonate
depositional environments may increase the relative proportion of zircons deposited by volcanic air fall,
potentially increasing the chances of observing detrital ages near the true depositional age. We present
U-Pb geochronology of detrital zircons from lacustrine carbonate strata that provides proof of concept
for the effectiveness of both acid-digestion recovery and resolving depositional ages of nonmarine strata.
Samples were collected from Early Cretaceous foreland basin fluvial sandstone and lacustrine carbonate
in southwestern Montana (USA). Late Aptian—early Albian (ca. 115-110 Ma) maximum depositional

ages young upsection and agree with biostratigraphic ages. Lacustrine carbonate is an important
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component in many types of tectonic basins, and application of detrital zircon U-Pb geochronology holds
considerable potential for dating critical chemical and climatic events recorded in their stratigraphy. It
could also reveal new information for the persistent question about whether the stratigraphic record is
dominated by longer periods of background fne-grained sedimentation versus short-duration coarse-
grained events. In tectonically active basins, lacustrine carbonates may be valuable for dating the
beginning of tectonic subsidence, especially during periods of fner-grained deposition dominated by

mudrocks and carbonates.
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Figure 1. (A) Locations of detrital zircon samples and maximum depositional ages (in Ma) of Lower
Cretaceous strata, western United States. MT—Montana; WY—Wyoming; ID—Idaho; UT—Utah;
CO—Colorado; AZ—Arizona. (B) Measured stratigraphic section of the Kootenai Formation at Ziegler
Gulch, Montana, with positions of detrital zircon samples from this study. m—mudstone; fs—fne-

grained sandstone; ms—mediumgrained sandstone; cs—coarse-grained sandstone; g—gravel.
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ABSTRACT: In the Late Noachian to Early Hesperian period, rivers transported detritus from
igneous source terrains to a downstream lake within Gale crater, creating a stratified stack of
fluviolacustrine rocks that is currently exposed along the slopes of Mount Sharp. Controversy exists
regarding the paleoclimate that supported overland flow of liquid water at Gale crater, in large part
because little is known about how chemical and mineralogical paleoclimate indicators from mafic-
rock dominated source-to-sink systems are translated into the rock record. Here, we compile data

from basaltic terrains with varying climates on Earth in order to provide a reference frame for the
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conditions that may have prevailed during the formation of the sedimentary strata in Gale crater,
particularly focusing on the Sheepbed and Pahrump Hills members. We calculate the chemical index
of alteration for weathering profiles and fluvial sediments to better constrain the relationship
between climate and chemical weathering in mafic terrains, a method that best estimates the cooler
limit of climate conditions averaged over time. We also compare X-ray diffraction patterns and
mineral abundances from fluvial sediments in varying terrestrial climates and martian mudstones to
better understand the influence of climate on secondary mineral assemblages in basaltic terrains.
We show that the geochemistry and mineralogy of most of the fine-grained sedimentary rocks in
Gale crater display first-order similarities with sediments generated in climates that resemble those
of present-day Iceland, while other parts of the stratigraphy indicate even colder baseline climate
conditions. None of the lithologies examined at Gale crater resemble fluvial sediments or

weathering profiles from warm (temperate to tropical) terrestrial climates.
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Figure 1. XRD patterns for two Sheepbed mudstones (Vaniman et al., 2014), two Pahrump Hills
mudstones (Rampe, Ming, et al., 2017), three mudstones from the Murray formation between Pahrump
Hills and Vera Rubin ridge (sub-VRR) (Bristow et al., 2018; Rampe et al., 2020), the <45- 1 m sediment
from Iceland (M. T. Thorpe et al., 2019), and a <63- 1 m sediment sample from the Idaho (M. T. Thorpe
& Hurowitz, 2020) sample suite (a). Martian target names and terrestrial analog sample 1Ds are next to
the XRD patterns. In (b), pie charts display the mineral group abundances for these terrestrial muds and
martian mudstones. First-order similarities are observed in the XRD patterns for Iceland and Gale crater
mudstones, including clay mineral reflections at low-two theta, sharp, well-resolved peaks from primary
minerals (esp., plagioclase and pyroxene) sharp peaks, and an elevated background from the scatter
produced from an X-ray amorphous phase(s). Mineral abundances between Iceland mud and Gale crater

mudstones also show similarities. XRD pattern and pie chat abbreviations: plagioclases (Plag);
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pyroxenes (Pyx); olivines (Olv); smectites (sm); smectite, illite, and kaolinite (Clay); quartz (Qtz); X-
ray amorphous (X-ray Amor or just Amor); hematite (Hem); jarosite (J); kapton window (Kap); Al203

internal standard in Icelandic samples accounts for <1 wt% of total derived mineral abundances.

44



