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Piccione G., Blackburn, T., Tulaczyk, S., et al. Subglacial precipitates record Antarctic ice sheet
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response to late Pleistocene millennial climate cycles [J]. Nature Communications, 2022, 13(1),
5428.

https://doi.org/10.1038/s41467-022-33009-1
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ABSTRACT: Ice cores and offshore sedimentary records demonstrate enhanced ice loss along
Antarctic coastal margins during millennial-scale warm intervals within the last glacial termination.
However, the distal location and short temporal coverage of these records leads to uncertainty in
both the spatial footprint of ice loss, and whether millennial-scale ice response occurs outside of
glacial terminations. Here we present a >100 kyr archive of periodic transitions in subglacial
precipitate mineralogy that are synchronous with Late Pleistocene millennial-scale climate cycles.
Geochemical and geochronologic data provide evidence for opal formation during cold periods via
cryoconcentration of subglacial brine, and calcite formation during warm periods through the
addition of subglacial meltwater originating from the ice sheet interior. These freeze-flush cycles
represent cyclic changes in subglacial hydrologicconnectivity driven by ice sheet velocity

fluctuations. Our findings imply that oscillating Southern Ocean temperatures drive a dynamic
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response in the Antarctic ice sheet on millennial timescales, regardless of the background climate

state.
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Figure 1. Sample MA113 SEM-EDS image and comparison to climate records. a Slab and SEM-
EDS image of sample MA113. Scale bar is 1 cm. b Ca concentration of subglacial precipitate sample
MAT113. High values represent calcite precipitation; low values represent opal precipitation. U-
series dates include 2¢ uncertainties bars. ¢ 8'0 measured in West Antarctic Divide Ice Core
(WDC)107. Gray dashed line delineates threshold value for magnitude of ice thickness change
necessary to elicit subglacial hydrologic response. d '#0 measured in Northern Greenland Ice Core
Project (NGRIP)108. e Reduced complexity model of ice sheet thermodynamics (RCMIST) output
of basal heat budget over the formation timeframe of sample MA113 in units of mm/year of
equivalent basal freezing rate. Negative values indicate freezing. Positive values correspond to basal
melting and are truncated at 0 mm/yr. Forcing for RCMIST is provided by ice thickness changes at
the foothills of the Transantarctic Mountains, which are parameterized as a linear function of the ice
core isotopic record. The magnitude and scale of these thickness changes is shown on the y-axis in

c. f Binary measure of fit between mineral cyclicity in b and climate threshold on WDC data in c. A
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fit is defined as points where both WDC values fall above the climate threshold and calcite is
precipitated, or WDC values fall below the threshold and opal is precipitates. Otherwise, the point
is considered misfit. g Southern Hemisphere summer insolation (75°S) over the period of MA113
formation. The record in d is synchronized to AICC2012 chronology; the record in b is synchronized

WD2014 chronology. Isotope ratios are on the VSMOW (Vienna Standard Mean Ocean Water) scale.
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Figure 2. Sample PRR50489 SEM-EDS image and comparison to climate records. a Slab and SEM-
EDS image of sample PRR50489. b Slab and SEM-EDS image of second piece of sample
PRR50489. This piece of sample includes material above angular unconformity. Scale bars are 1
cm. ¢ Ca concentration of subglacial precipitate sample PRR50489. High values represent calcite
precipitation; low values represent opal precipitation. U-series dates include 26 uncertainties bars.
d 8D measured in EPICA Dome C Ice Core (EDC). EDC record is detrended and converted to a z-
score by zero-mean normalization to eliminate orbital trends. Gray dashed line delineates threshold
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value for magnitude of ice thickness change necessary to elicit subglacial hydrologic response. e
Reduced complexity model of ice sheet thermodynamics (RCMIST) output of basal heat budget
over the formation period of sample PRR50489 in units of mm/year of equivalent basal freezing
rate. Negative values indicate freezing. Positive values correspond to basal melting and are truncated
at 0 mm/yr. Forcing for RCMIST is provided by ice thickness changes at the foothills of the
Transantarctic Mountains, which are parameterized as a linear function of the ice core isotopic
record. The magnitude and scale of these thickness changes is shown on the y-axis in c. f Binary
measure of fit between mineral cyclicity in ¢ and climate threshold on EDC data in d. A fit is defined
as points where both EDC values fall above the climate threshold and calcite is precipitated, or EDC
values fall below the threshold and opal is precipitates. Otherwise, the point is considered misfit. g
Southern Hemisphere summer insolation (75°S) over the period of PRR50489 formation. Record in

d is synchronized to AICC2012 chronology.
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Johnson B W., Wing B A., Abbott L. Hydrothermal ore deposits record the oxygen isotope
composition of meteoric paleo-waters in the San Juan Volcanic Field, Colorado, USA [J].
Geophysical Research Letters, 2022.

https://doi.org/10.1029/2022GL098159
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ABSTRACT: The stable isotope ratios of meteoric waters change predictably over orographic
barriers. We present a new approach to determine stable isotope ratios in ancient meteoric waters
from spatial patterns of hydrothermal alteration in continental volcanic fields. In the San Juan
Volcanic Field, Colorado, USA we reconstruct water 3'0 values feeding hydrothermal systems of
-7 to -10%o from 35-20 Ma, followed by a drop to -17 to -18%o between 20-12 Ma. This drop is
consistent with greater magmatic water input to older hydrothermal systems, ~1.5 km of rock

exhumation, ~2 to 3 km of surface uplift, or a combination of all three. Our approach returns water
isotope compositions integrated over spatial (kms to 10s kms) and temporal (10*— 10° years) scales

of continental hydrothermal systems. Such length- and time-scales approach those of tectonics,
potentially alleviating issues with diagenetic space and time limitations associated with other paleo-
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meteoric water proxies.

108 ‘W 106 "W
Mt. Princeton batholith !
| ! !
@ Gunnison
‘3 Bonanza Peak
Stony
38°N |- Mou*ntam ]
Lake City
Silverton
@ Del Norte
[]22-24Ma
[ ]26-28Ma
[+]
[]28-30Mma o
B 3234 Ma 4
I I | |
0 75km {

@ Cranitic intrusions

Late Paleogene
volcanic rocks

Figure 1. Simplifed geologic map (Lipman et al., 1973; Chapin, 2012; Lipman & Bachmann, 2015),
showing the location and ages of calderas, and the extent of volcanic rocks, sedimentary fill, and
granitic intrusions from the San Juan Volcanic Field, USA. Sites (Bonanza, Lake City, Silverton,
Stony Mountain) used in this study are labeled. The region experienced broad magmatism and

volcanism from the Oligocene to late Miocene, potentially related to a regional ignimbrite are-up

(Chapin, 2012).
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Figure 2. 5'®*0 measurements of modern surface waters (Kendall & Coplen, 2001) and new
estimates of 3!80 in meteoric paleo-waters from sites in the SJVF (relative to V-SMOW). The height
of each rectangle represents uncertainty in 8'%0 estimates, while the width represents the full
duration of magmatic activity, including caldera forming eruptions and later intrusive events
(Lipman & Bachmann, 2015). The Lake City and Silverton calderas have direct geochronology on
hydrothermal minerals, shown as stars. Hypothesized elevations are shown on the secondary y-axis,
based on an isotope to elevation relationship of 3%o per km (Chamberlain et al., 2012). Offset y-
axis indicates thickness of dierenital erosion required to reproduce observed isotopic patterns. Inset

illustrates a range of uplift rates from 0.035 to 0.35 mm yr! (Abbott et al., 1997).
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Huang X., Foroutan H. Effects of non-photosynthetic vegetation on dust emissions [J]. Journal of
Geophysical Research: Atmospheres, 2022, 127, €2021JD035243.
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ABSTRACT: Mineral dust is among the top contributors to global aerosol loads. Ability of non-
photosynthetic vegetation (NPV) to suppress dust emission has been widely acknowledged but a
realistic representation of NPV has not been tested with regional-to-global scale models. In this
study, we implemented a satellite-based total vegetation data set, which included NPV, into a
regional atmospheric chemistry model and conducted simulations for the year 2016 over the
conterminous United States. To test the response of dust simulations to the NPV coverage, we
conducted a control simulation incorporating only the photosynthetic vegetation (PV). Simulated
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dust emissions decrease by 10%—70% over most of the southwestern US from spring to autumn due

to NPV. Reductions in dust concentrations are the largest in spring, which attenuate the

overpredictions of fine soil concentrations, but accentuate the underpredictions in summer. Overall,

the mean errors and correlations of annual simulations are slightly improved with NPV. NPV

modulates dust emissions mainly by sheltering the surface and increasing the threshold velocity

through drag partitioning. Moreover, we investigated the effect of vegetation height and addressed

its uncertainties through a series of sensitivity tests. We observed that a 50% variation in predefined

vegetation heights results in small changes in soil concentrations over majority of southwestern US,

but causes up to 30% changes at local hotspots. This study highlights the significance of including

NPV into the dust model and points out the importance of validation of total vegetation datasets as

well as more realistic representation of vegetation heights and seasonality.
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Figure 1. Seasonal averages of modeled soil concentrations (ug/m?) over the western US from (a)

the TOTAL run and (b) the fraction of absorbed photosynthetically active radiation (FPAR) run.

Row (c) presents the changes in soil concentrations (%) as percentage of soil concentrations from

the FPAR run after replacing the Moderate Resolution Imaging Spectroradiometer FPAR data with

the total vegetation data.
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Figure 2. Seasonal averages of the roughness correction factor for the threshold velocity from (a)
the TOTAL run and (b) the fraction of absorbed photosynthetically active radiation run. Values
were calculated as the averages of roughness correction factors on three erodible landuse types (fi(L))

weighted by the fractions of each landuse (AL).
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Figure 3. The ratios of simulated soil concentration from six sensitivity runs to that from the
TOTAL run. The first row presents results from three sensitivity runs where heights of non-
photosynthetic vegetation (NPV) were raised by 50% in spring (16-30 March) and winter (27
January-10 February), and reduced by 50% in autumn (16—30 September) in the model. The second
row presents results from the other three sensitivity runs where heights of photosynthetic vegetation
(PV) were reduced by 50% in spring (15-31 March) and raised by 50% in summer (1-14 July) and
autumn (14-28 September). The adjusted PV and NPV heights are intended to reflect the seasonality

of the average coverage of the corresponding vegetation components over the western US.
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Patterson R., Nasser N., Reinhardt E., et al. End-member mixing analysis (EMMA) as a tool for
the detection of major storms in lake sediment records [J]. Paleoceanography and
Paleoclimatology, 2022.
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ABSTRACT: Major Tropical Cyclone (TC) events cause extensive damage in coastal regions of
the western North Atlantic Basin. The short instrumental record leaves significant gaps in
understanding long-term trends in TC recurrence and intensity, creating uncertainty about future
storm trends. Analysis of an ~520-year core record from Harvey Lake, located >80 km from the

Atlantic coast in southwestern New Brunswick, Canada was carried out using: 1) End Member
12



Mixing Analysis (EMMA) of lake sediment grain size data to identify storm-linked
sedimentological processes; and 2) ITRAX XRF derived element/ratios (Fe, Ti, Ca/Sr, Zr/Rb, K/Rb,
Br+CI/Al) associated with precipitation, weathering, catchment runoff and air masses. Three
derived end members were correlated to heavy rainfall events (EMO01), spring freshet (EM02), and
TCs (EMO03). CONISS analysis of the EMMA and XRF core data resulted in recognition of four
unique climatic zones distinguished by distinct distributions of TC and rainfall/ weathering/ runoff/
and air masses. Numerous, major (EMO1) rainfall events and (EMO03) TC events characterized the
basal core record during the early Little Ice Age (LI1Aa; Zone 1) phase, terminating at ~1645. A
near cessation of heavy rainfall and TC events differentiated the subsequent colder LIAb (~1645-
1825; Zone 2) and subsequent Little Ice Age Transition (~1825-1895; Zone 3). A resurgence of
major rainfall and TC events occurred during recovery from the LIA starting in ~1895 (Zone 4).
EMMA provides a robust tool for recognition of TC and major rainfall events, and greatly expands

the potential for paleo-storm activity research well inland from coastal regions.
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Figure 1. A. Location of Harvey Lake within Canada and Province of New Brunswick. B. An
ArcGIS generated map of Harvey Lake showing area physiography, core locations used in this
research, lake bathymetry, elevation relative to meters above mean sea level for the lake shore and

topographic high of Cherry Mountain, and the distribution of a coarse-grained end member
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determined to have been deposited in the wake of the passage of Post-Tropical Storm Arthur in July,

2014.
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Figure 2. Grain size frequency distributions for the analyzed 115 subsamples (grey) from core HL-
2017-GC-02, as well as the distribution of three derived robust end members from the selected
EMMA model that best explained the sediment grain distribution in the analyzed samples. For
comparison a major storm derived end member (Post-Tropical Storm Arthur), which is widely

distributed across the SW part of the modern Harvey Lake bottom is plotted as an overlay.
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Chen G., Cheng Q., Lyons T W., et al. Reconstructing Earth’s atmospheric oxygenation history
using machine learning [J]. Nature communications, 2022, 13(1), 1-13.

https://doi.org/10.1038/s41467-022-33388-5
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ABSTRACT: Reconstructing historical atmospheric oxygen (O.) levels at finer temporal resolution
is a top priority for exploring the evolution of life on Earth. This goal, however, is challenged by
gaps in traditionally employed sediment-hosted geochemical proxy data. Here, we propose an
independent strategy—machine learning with global mafic igneous geochemistry big data to explore
atmospheric oxygenation over the last 4.0 billion years. We observe an overall two-step rise of
atmospheric O» similar to the published curves derived from independent sediment-hosted paleo-
oxybarometers but with a more detailed fabric of O fluctuations superimposed. These additional,
shorter-term fluctuations are also consistent with previous but less well-established suggestions of
O, variability. We conclude from this agreement that Earth’s oxygenated atmosphere may therefore
be at least partly a natural consequence of mantle cooling and specifically that evolving mantle

melts collectively have helped modulate the balance of early O, sources and sinks.
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Figure 1. Co-evolution of the Earth system (geosphere, atmosphere, and biosphere) through time.
a Evolution of the geosphere, including the development of the supercontinent cycles (Kenorland,
Columbia, Rodinia, Gondwana, and Pangea); b Evolution of life within the biosphere; ¢ Evolution
of atmospheric oxygen levels relative to the present atmospheric level; the blue boxes show a range
of atmospheric O2 level inferred from various geological proxy constraints, and the red solid line

shows one plausible evolution path of O2 level.
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geochemistry data through Monte Carlo simulations (n=100), with random training label pairs
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green box represents the atmospheric O, model of Lyons et al.10. ¢ Multistep rise model of

atmospheric O3 level proposed by Campbell and Allen, which is linked to supercontinent formations.
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Xu F., Zhang G., Yan W., et al. Subduction of the paleo-Pacific plate recorded by arc volcanism

in the South China Sea margin [J]. Gondwana Research, 2022, 110, 58-72.
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ABSTRACT: Accretionary prisms along the East Asia continental margin have been interpreted as
having formed in response to subduction of the paleo-Pacific plate in the Paleozoic—Mesozoic.
However, early arc magmatic records in the East Asia margin have been partly destroyed owing to
episodic rifting. Widespread arc magmatism and fold and thrust belts in the South China block have
recorded Jurassic and Cretaceous paleo-Pacific plate subduction. In addition, the exterior of the
South China continental margin was rifted during the Cenozoic to form the South China Sea, and it
is presumed that a relic arc is preserved in the northern and southern South China Sea. In this study,

we obtained samples of volcanic rocks through drilling >2000 m in the southern South China Sea.
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The drill core consisted of interbedded basalts, trachytes, and minor trachy-andesites, with arc-type
trace-element patterns. Zircon U-Pb dating of trachyte samples from the drill core yielded clustered
ages with an overall weighted mean age of 211.2 1.6 Ma, providing robust evidence for the
existence of a volcanic arc in the East Asia margin during the Late Triassic. Primitive basalts with
MgO > 8.5 wt% have the highest values of eNd(i) and eHf{(i) and indicate derivation from Indian-
type sub-arc mantle wedge. The increasing Th/Nb with decreasing Nd—Hf isotope values of the
basalt samples indicates the incorporation of sediment into the melts. The trachyte samples have
enriched K20 and isotopic compositions and are consistent with a sediment-dominated source. On
the basis of a comparison with regional magmatic rocks related to plate subduction during Triassic—
Jurassic time, the arc volcanic rocks in the southern South China Sea are interpreted to mark a
temporal compositional transition in the mantle source, representing steepening subduction of the

paleo-Pacific plate during the Late Triassic.
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Figure 1. Tectonic evolution of the subduction of the paleo-Pacific plate beneath the South China

block. (A) During the Triassic, flat subduction of the paleo-Pacific plate resulted in crustal melting
in the interior of the South China block. (B) During the Late Triassic, a temporal magmatic gap in
the interior of the South China block occurred as a response to the termination of flat-slab subduction.
Meanwhile, Mischief Reef arc volcanism was produced in the South China continental margin as a

result of slab steepening.
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Dziurdzik T., Pisz M., Mech A., et al. Reinterpreting a “Roman villa” site: First results of
nondestructive archaeological research in Dracevica (Donji RadiSici, Bosnia, Herzegovina)

[J]. Archaeological Prospection, 2022, 29(3), 479-499.
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ABSTRACT: The article presents the results of archaeological prospection of site Dra¢evica (Donji

Radisici, Ljubuski municipality, West Herzegovina Canton, Bosnia and Herzegovina) which was
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partly excavated in the late 19th century and so far has been interpreted as a Roman villa, possibly
with a special function (road station) and a name attested in ancient sources (Bigeste). Through the
use of various nondestructive prospecting methods (aerial photogrammetry, fieldwalking survey,
magnetic susceptibility, magnetometry, earth resistance), precise location with RTK GNSS and
integration of the data in GIS, the site was restudied and reinterpreted. It was established that the
structures are not isolated, as was assumed in the earlier research but rather were a part of a much
larger Roman settlement. The research proves that the internal spatial division of the site is more
complicated than previously thought, consisting of several building complexes located along a road,
as well as land division systems. Such settlement pattern suggests similar, average-sized land plots
and farms. The importance of the research lies also in the methodological approach and the outcome
of the geophysical research. Our research was the first application of nondestructive methods of
archaeological prospection on Roman sites in the karst landscapes of West Herzegovina, proving
the usefulness of the applied methodology in these specific and difficult conditions. We have found
dependencies in between the geological background (thin layer of low resistive, colluvial soil on
shallow limestone bedrock and the occurrence of highly magnetic terra rossa, formed on weathered
limestone) and the geophysical responses registered by various instruments, that is, moderate to
good magnetic and electric contrasts between the features and their surroundings, with relatively
strong anomalies from geological features. The most important was finding relationships between
particular magnetic and electrical anomalies and the presence of very shallow bedrock or faint
archaeological remains (e.g. limestone walls). Our methodology, as well as some of our

interpretations, will be helpful as a reference for further surveys in the region.
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LiuS.,, WuT., Li S., et al. Contrasting fates of subducting carbon related to different oceanic

slabs in East Asia [J]. Geochimica et Cosmochimica Acta, 2022, S0016-7037(22)00125-9.
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ABSTRACT: Subduction transfers surface carbon into the Earth’s interior in a main form of
carbonates that influences the global carbon cycles and surface climate through geologic time.

Nevertheless, whether the fate of downgoing carbonates significantly varies in past subduction
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zones is rarely constrained by natural observations. Marine carbonates have remarkably higher zinc
isotopic ratios (expressed as 8%°Znjmc.1yon) relative to the mantle (0.99 £ 0.24%o vs. 0.18 + 0.05%o),
making zinc isotopes a sensitive tracer for subducting carbonates. Here we examine this issue
through a comparative zinc isotope study on basalts across the North-South Gravity Lineament
(NSGL) in East Asia that were genetically related to two different oceanic slabs. Together with
existing data, we show that all basalts in the east of the NSGL have high §%Zn (~0.3-0.6%o; n =
134) that do not vary with distances to the trench and are spatially coupled with the horizontally
stagnated slab in the transition zone (410—660 km). This indicates that subducting carbonates
survived shallow dissolution and were deeply buried during westward subduction of the Paleo-
Pacific slab. By contrast, basalts in the west of the NSGL display a gradual decline of 666Zn from
0.50 £ 0.04%o to 0.28 + 0.03%o (n = 35) with increasing distances to the trench. No known magmatic
processes (e.g., partial melting, crystal-melt differentiation, melt-peridotite interaction, and
degassing) can account for the spatial Zn isotopic variation. The role of slab-derived sulfate rich
fluids is also excluded because of the mantle-like Cu isotopic compositions of these basalts. Instead,
the gradual decrease of 666Zn, together with the coupled decline of CaO/Al,Os3, are best explained
as the diminished amounts of dissolved carbonates in their mantle sources. Thus, substantial
carbonate dissolution must have occurred during southeastward subduction of the Paleo-Asian slab,
which prevents deep burial of subducting carbon. The main differences between the two large slabs
include: (i) the Paleo-Asian slab has an extended longevity (~1.1 Ga) and slow spreading rate in
comparison with the Paleo-Pacific slab, leading to the main incorporation of carbonate minerals into
the altered oceanic crust, and (ii) the younger Paleo-Pacific slab contains abundant deep-sea Mg-
rich carbonates that were not sufficiently dissolved at shallow depths. These differences demonstrate
that subduction of different oceanic slabs can lead to contrasting fates of subducting carbon in
ancient subduction zones, depending on the contents and species of carbonate sediments in the

oceanic crust.

25



a Subduction (500 - 250 Ma) Southeast | b~ subduction (<140 Ma) ~ _West

Paleo-Asian Pacific
Ocean Ocean

Abaga Dalinuoer Chifeng NCC Chifeng] ~ Fuxin Changbaishan Japan Sea Arc

Crust
Lithospheric mantle

Carbonated peridofite
with high 5“Zn

Mantle transition zone

Asthenospheric mantle

Figure 1. Schematic models showing contrasting fates of downgoing carbonates during subduction
of two different oceanic slabs in East Asia. (a) Gradual dissolution of carbonates during
southeastward subduction of the Paleo-Asian oceanic slab in the Paleozoic; (b) Limited dissolution
at shallow depths and deep burial of carbonates during westward subduction of the Paleo-Pacific

slab since the late Mesozoic.
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ABSTRACT: Paleomagnetic studies of meteorites provide unique constraints on the evolution of
magnetic fields in the early solar system. These studies rely on the identification of magnetic
minerals that can retain stable magnetizations over z4.5 billion years (Ga). The ferromagnetic
mineral tetrataenite (y"-FeosNigs) is found in iron, stony-iron and chondrite meteorite groups.
Nanoscale intergrowths of tetrataenite have been shown to carry records of paleomagnetic fields,
although the effect of magnetostatic interactions on their magnetic remanence acquisition remains

to be fully understood. Tetrataenite can also occur as isolated, non-interacting, nanoscale grains in
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many meteorite groups, although the paleomagnetic potential of these grains is particularly poorly
understood. Here, we aim to improve our understanding of tetrataenite magnetization to refine our
knowledge of existing paleomagnetic analyses and broaden the spectrum of meteorite groups that
can be used for paleomagnetic studies. We present the results of analytical calculations and
micromagnetic modelling of isolated tetrataenite grains with various geometries. We find that
tetrataenite forms a stable single domain state at grain lengths between 6 and ~160 nm dependent
on its elongation. It also possesses a magnetization resistant to viscous remagnetization over the
lifetime of the solar system at 293 K. At larger grain sizes, tetrataenite’s lowest energy state is a
lamellar two-domain state, stable at Ga-scale timescales. Unlike many other magnetic minerals,
tetrataenite does not form a single-vortex domain state due to its large uniaxial anisotropy. Our
results show that single domain and two-domain tetrataenite carries an extremely stable

magnetization and therefore is a promising mineral for paleomagnetic studies.
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ABSTRACT: Lake and lagoon sediments are important recorders of the Earth's magnetic field
variations. However, the Southern Hemisphere, particularly the South American continent,
contributes only a small fraction of the global paleosecular variation (PSV) and relative
paleointensity data, which hinders a better understanding of the global PSV. Moreover, the scarcity
of information on the geomagnetic field in South Brazil for the past few millennia impedes, for
example, a detailed analysis of the evolution of the South Atlantic Magnetic Anomaly (SAMA),
which encompasses the weakest geomagnetic field on the Earth's surface. Here, we present high-
resolution paleomagnetic and rock magnetic data of two cores collected at the lagoon of Lagoa dos

Patos, Rio Grande do Sul State, Brazil. Sediment cores from Lagoa dos Patos represent the period
30



from ~4540 to 3320 cal years BP. Rock magnetic results show the remanent magnetization resides
in pseudo single-domain (PSD) magnetite and/or titanomagnetite. Magnetization inclinations and
declinations were isolated after alternating field demagnetization (AFD) and principal component
analysis (PCA). Mean inclinations are —39.6° and —38.4° for cores PT-04 and PT-06, respectively.
Relative paleointensity results are compatible with geomagnetic field models, implying very
promising results in the reconstruction of a reference curve for the region. As there is no PSV and
relative paleointensity data for this region in this period, this study helps to elucidate the past field

and the presence of SAMA in South America.
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Figure 1. a) Comparison of stacked inclination logs from Carmen Lake (Gogorza et al., 2018),
Potrok Aike (Gogorza et al., 2012), El Trebol (Gogorza et al., 2006), Escondido (Gogorza et al.,
2004) and Lagoa dos Patos as a function of age with the models CALS10k (Brown et al., 2015;
Constable et al., 2016) and SHA.DIF.14 k (Pavon Carrasco et al., 2014) outputs. We also plotted
recent data from speleothem records for that same region (Trindade et al., 2018 and Jaqueto et al.,
2022). And b) comparison of normalized intensity record from Lagoa dos Patos with Carmen Lake
(Gogorza et al., 2018) and with relative paleointensity records from Laguna Potrok Aike (Gogorza
et al., 2012), Escondido Lake (Gogorza et al., 2004), El Trébol Lake (Gogorza et al., 2006) and the
models SHA.DIF14k (Pavon-Carrasco et al., 2014) and CALS10k.2 (Brown et al., 2015; Constable
et al., 2016). We also plotted recent data from speleothem records for that same region (Trindade et
al., 2018 and Jaqueto et al., 2022). The lower x scale is referring to absolute paleointensity data
while the upper scale is referring to relative paleointensity data. (For interpretation of the references

to colour in this figure legend, the reader is referred to the web version of this article.)
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ABSTRACT: Naturally occurring gas hydrates may contribute to a positive feedback for global
warming because they sequester large amounts of the potent greenhouse gas methane in ice-like
deposits that could be destabilized by increasing ocean/atmospheric temperatures. Most hydrates
occur within marine sediments; gas liberated during the decomposition of seafloor hydrates or
originating with other methane pools can feed methane emissions at cold seeps. Regardless of the
origin of seep methane, all previous measurements of methane emitted from seeps have shown it to
have a unique fossil radiocarbon signature, contrasting with other sources of marine methane. Here
we present the concentration and natural radiocarbon content of methane dissolved in the water
column from the seafloor to the sea surface at seep fields along the US Atlantic and Pacific margins.
For shallower water columns, where the seafloor is not within the hydrate stability zone, we do

document seep CH4 in some surface-water samples. However, measurements in deeper water
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columns along the US Atlantic margin reveal no evidence of seep CH4 reaching surface waters
when the water-column depth is greater than 430 = 90 m. Gas hydrates exist only at water depths
greater than ~550 m in this region, suggesting that the source of methane escaping to the atmosphere

is not from hydrate decomposition.
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Figure 1. Summary of surface-water '“C—CHj results. a,b, Results with units of pMC collected from
near-surface waters in the Pacific Northwest (a) and the Mid-Atlantic Bight (b), in areas A and B,
respectively, highlighted by the red boxes on the inset map. Salish Sea connects waters from the
Pacific Ocean and Puget Sound, located between Washington, USA, and Vancouver Island, Canada,
in a. Known seep locations are shown as white circles. Yellow curves indicate the approximate
landward limit of gas hydrate as determined from near-bottom temperature measurements for the
Pacific Northwest and corresponding to the 550 m isobath on the Mid-Atlantic margin. Note that
Phrampus reported the hydrate stability depth as 480 m in Cascadia margin, Pacific Ocean. Station

labels are colour coded to match those in Figs. 2 and 3.
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Figure 2. Plot of '“C—CHy dissolved in surface waters versus total water-column depth where the
samples were collected. This figure displays that no surface-water samples display fossil CHa, or
any CH4 with a '*C—CHj4 value below the contemporary atmosphere or modern carbon, until the

total water-column depth is less than or equal to 164 m.
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Jessica E T., Zhu J., Li M., et al. Spatial patterns of climate change across the Paleocene-Eocene
Thermal Maximum [J]. PNAS, 2022, 119(42), 1-7.
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ABSTRACT: The Paleocene-Eocene Thermal Maximum (PETM; 56 Ma) is one of our best
geological analogs for understanding climate dynamics in a "greenhouse" world. However, proxy
data representing the event are only available from select marine and terrestrial sedimentary
sequences that are unevenly distributed across Earth's surface, limiting our view of the spatial
patterns of climate change. Here, we use paleoclimate data assimilation (DA) to combine climate

model and proxy information and create a spatially complete reconstruction of the PETM and the
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climate state that precedes it ("PETM-DA"). Our data-constrained results support strong polar
amplification, which in the absence of an extensive cryosphere, is related to temperature feedbacks
and loss of seasonal snow on land. The response of the hydrological cycle to PETM warming
consists of a narrowing of the Intertropical Convergence Zone, off-equatorial drying, and an
intensification of seasonal monsoons and winter storm tracks. Many of these features are also seen
in simulations of future climate change under increasing anthropogenic emissions. Since the PETM-
DA yields a spatially complete estimate of surface air temperature, it yields a rigorous estimate of
global mean temperature change (5.6 °C; 5.4°C to 5.9 °C, 95% CI) that can be used to calculate
equilibrium climate sensitivity (ECS). We find that PETM ECS was 6.5 °C (5.7 °C to 7.4 °C, 95%
CI), which is much higher than the present-day range. This supports the view that climate sensitivity

increases substantially when greenhouse gas concentrations are high.
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Figure 1. Changes in the hydrological cycle during the PETM. All panels represent PETM - pre-
PETM anomalies. (A) Change in mean annual precipitation minus evaporation (P - E) in the PETM-
DA overlain with proxy indicators for relatively wetter (green) or drier (brown) conditions relative
to the pre-PETM. Proxy data are from the compilation of ref. 12 with the addition of data from ref.
34 (SI Appendix). Proxy colors are qualitative and indicate the sign of change only. (B) Zonal mean
annual change in P - E. (C) Change in the mean annual 6D of precipitation (6Dp) in the PETM-DA
overlain with inferred changes from leaf wax 8D (Dataset S2). Sites with significant changes during

the PETM are colored on the same scale as the DA results; sites without significant changes are
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plotted as smaller white dots. (D) Zonal mean annual change in dDp. (E) The December to March

(DJFM) change in precipitation (AP). (F) The June to September (JJAS) change in precipitation.
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ABSTRACT: Rapid ice loss from the Greenland ice sheet since 1992 is due in equal parts to
increased surface melting and accelerated ice flow. The latter is conventionally attributed to ocean
warming, which has enhanced submarine melting of the fronts of Greenland’s marine-terminating
glaciers. Yet, through the release of ice sheet surface meltwater into the ocean, which excites near-
glacier ocean circulation and in turn the transfer of heat from ocean to ice, a warming atmosphere
can increase submarine melting even in the absence of ocean warming. The relative importance of
atmospheric and oceanic warming in driving increased submarine melting has, however, not been
quantified. Here, we reconstruct the rate of submarine melting at Greenland’s marine-terminating
glaciers from 1979 to 2018 and estimate the resulting dynamic mass loss. We show that in south
Greenland, variability in submarine melting was indeed governed by the ocean, but, in contrast, the
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atmosphere dominated in the northwest. At the ice sheet scale, the atmosphere plays a first-order
role in controlling submarine melting and the subsequent dynamic mass loss. Our results challenge
the attribution of dynamic mass loss to ocean warming alone and show that a warming atmosphere

has amplified the impact of the ocean on the Greenland ice sheet.

Atmospheric
variability

Surface meting
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Figure 1. Submarine melting of marine-terminating glaciers influenced by both atmospheric and
oceanic variability. Freshwater emerging from beneath marine-terminating glaciers (subglacial
discharge) drives vigorous upwelling plumes. Subglacial discharge can be sourced either from
surface melting or frictional melting at the bed. Plumes entrain warm fjord waters, which are
replenished by the ocean and fjord circulation processes. The combination of fast-moving and warm
water in the plume drives melting of submerged ice at the glacier terminus (submarine melting). By
the described chain of processes, submarine melting is influenced by both atmospheric and oceanic

variability.
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Figure 2. Relative importance of atmospheric and oceanic variability to Greenland marine-

terminating glacier retreat and dynamic mass loss. a-h, The results are obtained by forcing a simple

glacier model ensemble with the submarine melt rate variability shown in Fig. 3. Each plot contains

the scenario in which only the atmosphere varies (blue), only the ocean varies (red) and both vary

(black) for SO (a, e), CW (b, f), NW (c, g) and all Greenland (d, h). The results are normalized by

the retreat (a—d) or sea level contribution (e—h) by 2018 when both atmosphere and ocean vary. The

shading shows the interquartile range of results obtained by varying parameters in the model, while

the solid lines show the ensemble median. The retreat and sea level time series have been smoothed

using four- and one-year windows, respectively. Additional plots showing the regions not

highlighted here, retreat observations and ice discharge are given in Extended Data Figs. 7-9.
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ABSTRACT: Coastal currents play a key role in regulating alongshore sediment transport, and their
relationships with winter storms (burst of the East Asian winter monsoon) and formation of the
coastal mud deposits on the eastern China shelf have been established, based on which the evolution
of the East Asian winter monsoon has been widely explored. Unlike that of coastal deposits, the

formation of offshore deposits on the eastern China shelf is very complex and highly debated,
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leading to enormous challenges on paleoclimate reconstructions based on these deposits. In this
study, cross-front sediment transport under a variable Yellow Sea Warm Current (YSWC) was
explored using remote sensing imagery and sedimentary records (seismic profile and sediment grain
size) from the North Yellow Sea (NYS). The results indicate that, although the offshore mud deposit
in the western NYS is formed by winter storms through triggering cross-front transport of coastal
sediment around the Shandong Peninsula, the winter storm signal was completely obscured by that
of the YSWC, which might determine the flux of cross-front sediment transport on a millennial
scale. The 1500 y sub-orbital climate variability cycle could also be observed in distal muds after
2.8 ka. By comparing the sediment composition within the same mud deposit or between adjacent
mud deposits in the NY'S, we found that the response of cross-front sediment transport to the YSWC
varied spatially, which may be a reason for discrepancies observed in previous winter monsoon re-
constructions on the eastern China shelf. Therefore, as indicated by this study, offshore deposits on
the eastern China shelf are not suitable for inversions of the winter monsoon. In addition, mud
deposits on the eastern China shelf are also dramatically affected by other dynamic factors,
including typhoons and river flooding; thus, deeply exploring the dynamic characteristics and

formation mechanism of these deposits are prerequisites for paleo-climate reconstruction.
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Figure 1. (a) Mean grain size distribution of the surface sediments. White lines are contour lines of
the mean grain size, dotted lines are the isopachs of the mud patches around the Shandong Peninsula
(Yang and Liu, 2007). (b) Grain size-frequency distributions of the sediment cores, along with the
calibrated.
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Figure 2. (a) Six-hour interval wind series during January 2019 for Chengshantou Station, located
at the northeastern tip of the Shandong Peninsula. Two in-stances (T1 and T2) were captured by
remote sensing imagery after winter storms (burst of northwesterly wind, shaded area in (a)). Cross-
front sediment transport at T1(b) and T2 (c) were captured by remote sensing imagery. The shape

of the 5 m isopach (pink line) indicates the strong relationship between the formation of the mud

patch and cross-front sediment transport in the NY'S.
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