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Liu S S, Kruse S, Scherler D, et al. Sedimentary ancient DNA reveals a threat of warming-induced
alpine habitat loss to Tibetan Plateau plant diversity [J]. Nature Communications, 2021,
12(1):2995.

https://doi.org/10.1038/s41467-021-22986-4
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ABSTRACT: Studies along elevational gradients worldwide usually find the highest
plant taxa richness in mid-elevation forest belts. Hence, an increase in upper elevation
diversity is expected in the course of warming-related treeline rise. Here, we use a time-
series approach to infer past taxa richness from sedimentary ancient DNA from the
south-eastern Tibetan Plateau over the last ~18,000 years. We find the highest total plant

taxa richness during the cool phase after glacier retreat when the area contained



extensive and diverse alpine habitats (14—10 ka); followed by a decline when forests
expanded during the warm early- to mid-Holocene (10-3.6 ka). Livestock grazing since
3.6 ka promoted plant taxa richness only weakly. Based on these inferred dependencies,
our simulation yields a substantive decrease in plant taxa richness in response to
warming-related alpine habitat loss over the next centuries. Accordingly, efforts of

Tibetan biodiversity conservation should include conclusions from palaecoecological

evidence.
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Figure 1. The Naleng lacustrine core was recovered from the centre of Lake Naleng (black bullet
point), in the Hengduan Mountains, a designated biodiversity hotspot in East Asia. a Location of the
Hengduan Mountains on the south-eastern Tibetan Plateau, China (top-right inset, yellow fill).
Areaelevation relationship (grey bars), elevational species richness distribution (red dotted line),
and forest zone (blue dashed line) are shown in the lowerright inset. b Lake Naleng catchment area
is 128 km?. The simulation of the glacier extent (Methods) indicates that the Lake Naleng catchment
became ice-free by about 14 ka. The extent of alpine area per 100-m elevation is shown as white

bars.
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Figure 2. Long-term history of plant sedaDNA recorded in Lake Naleng compared with time-series data.



a Total plant richness (red line; n = 138 PCR replicates of 71 lake-sediments, bars indicate 95%
confidence intervals). b—f Comparison of sedimentary ancient DNA abundance (in %, grey polygon) of
the most common alpine plant families with corresponding within-family plant richness (red line; n =
138 PCR replicates of 71 lake-sediments, bars indicate 95% confidence intervals) for Polygonaceae,
Ranunculaceae, Asteraceae, Orobanchaceae, and Saxifragaceae. g The Northern Hemisphere (30°—90°N)
temperature anomaly record since last deglaciation based on multiple proxies (black line with points,
Methods) and percentage of Picea sedaDNA (grey polygon). h Alpine habitat area (red polygon) within
the Lake Naleng catchment is the sum of pixels above the treeline (4400 m a.s.l.) based on simulated
total habitat area (black outline, Methods). i sedaDNA indicators of traditional land-use including
Sanguisorba officinalis (grey polygon) and Nardostachys jatamansi (black line). j The Mg/Ca ratio of
Lake Naleng indicates the soil development within the lake catchment. k vegetation types inferred from
the pollen record and sedaDNA record. | Zonation (horizonal grey lines) according to a stratigraphically
constrained cluster analysis (CONISS) based on relative read abundance. Data are presented as mean +

95% confidence interval (error bars) in a—f. Source data are provided with this paper.
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Figure 3. Visualization of total plant taxa richness and effects of abiotic factors on plant richness
across four time-intervals. We calculated the statistical relationship between total plant richness and
predictor variables (rounded rectangle) between consecutive periods of time (Methods). Alpha
significance codes of Spearman correlation are ***0.0005, **0.01, and *0.025 according to adjusted
degrees of freedom. The mean annual temperature anomaly is indicated by the thermometer.
Positive and negative correlation is marked in red and blue font, respectively. The catchment
sketches illustrate that disturbance in the glaciated landscape was likely of importance during the
deglaciation period. Our results indicate that once the catchment became icefree, alpine habitat
extent is the main driver of total plant richness while land-use is only of secondary importance
during the late Holocene. From the switch in correlation sign, we assume that temperature is likely

not a direct driver of richness change.
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Antonelli M A, Kendrick J, Yakymchuk C, et al. Calcium isotope evidence for early Archaean

carbonates and subduction of oceanic crust [J]. Nature communications, 2021, 12:2534.

https://doi.org/10.1038/s41467-021-22748-2
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ABSTRACT: Continents are unique to Earth and played a role in coevolution of the
atmosphere, hydrosphere, and biosphere. Debate exists, however, regarding continent
formation and the onset of subduction-driven plate tectonics. We present Ca isotope and
trace-element data from modern and ancient (4.0 to 2.8 Ga) granitoids and phase
equilibrium models indicating that Ca isotope fractionations are dominantly controlled
by geothermal gradients. The results require gradients of 500—750 °C/GPa, as found in
modern (hot) subduction-zones and consistent with the operation of subduction
throughout the Archaean. Two granitoids from the Nuvvuagittuq Supracrustal Belt,
Canada, however, cannot be explained through magmatic processes. Their isotopic
signatures were likely inherited from carbonate sediments. These samples (> 3.8 Ga)

predate the oldest known carbonates preserved in the rock record and confirm that
11



carbonate precipitation in Eoarchaean oceans provided an important sink for
atmospheric CO;. Our results suggest that subduction-driven plate tectonic processes

started prior to ~ 3.8 Ga.
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Figure 1. Schematic diagram of geodynamic settings supported by our TTG data [e.g. subcretion

(a), localized roll-back (not shown), and/or modernstyle subduction (b)]. Apparent geothermal
gradients (500—750°C/GPa) are similar to those reported for modern adakites and hot subduction-
zone assemblages. Vigorous hydrothermal circulation promotes mantle-buffered seawater that can
lead to isotopically light §**Ca (< —0.9%o) in precipitated carbonates (see Supplementary Note ©),
providing a sink for high atmospheric CO,. Carbonates [along with cherts + shales] can then be
subducted and incorporated into TTG sources. Av. continental crust average continental crust, BSE

bulk-silicate Earth.
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Noronha-D’Mello C, Nair A, Mahesh B, et al. Glacial-Holocene climate-driven shifts in lacustrine
and terrestrial environments: Rock magnetic and geochemical evidence from East Antarctic
Mochou Lake [J]. Palacogeography, Palaeoclimatology, Palaeoecology, 2021, 576: 110505.

https://doi.org/10.1016/j.palaeo.2021.110505
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ABSTRACT: Geomorphic reconstructions of the East Antarctic Ice Sheet history
across Antarctica suggest diachronous and varying retreat patterns with changing

climate. However, little is known of how terrestrial environments responded to these
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climate changes because the continental ice sheet covered most Antarctic coastal oases
during the Last Glacial Maximum (LGM), eliminating terrestrial records. In this study,
the environmental history spanning the last 25,400 years was reconstructed using
geochronology, lithology, rock magnetism and geochemistry to understand the effect of
glacial-deglacial climate variations on surface processes and Mochou Lake ecology.
During the last glacial period (25.4 to 18.8 cal. kyr BP), intensified winds and the
freeze-thaw action of ice actively weathered the high elevation western catchment that
was a dominant sediment source to the lake. The glacial environmental conditions
induced a persistent perennial lake ice-cover resulting in anoxia, low sedimentation,
primary production and weak brackish conditions. Progressively, as deglacial
conditions augmented around 18.8 cal. kyr BP, increased catchment meltwater flow
enhanced sediment transport and also transformed the lake into a freshwater basin,
although perennial ice-cover still prevailed. Further, the biotic development of the lake
began later in the Mid-Holocene as compared to other lakes in the region, wherein the
seasonal lake ice cycle and/or ice moat developed. Weak chemical weathering and
pedogenesis also commenced in the catchment in response to the warming climate trend.
This delayed response to the Holocene warming was possibly due to the local cooling
effect of the Ddlk Glacier's discharge that also led to sea-ice persistence in the Prydz
Bay. This study also provides further evidence that parts of the Larsemann Hills
remained free of erosive grounded ice during the LGM and subsequent deglaciation.
The Mirror Peninsula, specifically, escaped ice overriding despite being enclosed by

the Délk Glacier, Lake Nella ice lobe and Amery Ice Shelf.
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Figure 1. Map showing study area (a) Location of Larsemann Hills in East Antarctica and (b)
Mochou Lake at Mirror Peninsula (¢) Contour elevation map of Mirror Peninsula (inset) Geology
of the study area (Carson and Grew, 2007) with catchment rock type Nella mafic granulite (nmg),

Lake Ferris metapelite (1fp), Broknes paragneiss (bpg) and Unconsolidated sediment (Qa).
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Figure 2. Tllustration depicting (a) calibrated ages versus depth with sedimentation rates (cm/kyr)
calculated by linear interpolation between two consecutive ages of Mochou Lake core. The derived
ages at 0-2 cm and 4-5 cm intervals were not used in the age-depth plot due to reversal of ages in

the topmost samples and low reliability. (b) Lake sediment core lithology in zones in Z1, Z2 and Z3.
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Figure 3. Down-core variations of rock magnetic parameters for the Mochou Lake sediment core
(a) Magnetic Susceptibility, (b) Susceptibility of Anhysteric Remanent Magnetization YARM (c)
Saturated Isothermal Remanent Magnetization SIRM, (d) yARM /SIRM, (e) YARM / ylf, (f)
SIRM/yIf (g) S-ratio across -zones Z1 (blue), Z2 (white) and Z3 (green). Patterned band in Z2
represents Antarctic Cold Reversal (ACR). Dashed red line represents the average for respective
parameter. (h) Isothermal Remanent Magnetization (IRM) acquisition curves for selected samples
of Mochou Lake sediment. (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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Ebbing J, Dilixiati Y, Haas P, et al. East Antarctica magnetically linked to its ancient neighbours
in Gondwana [J]. Scientific Reports, 2021, 11(1):5513.
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ABSTRACT: We present a new magnetic compilation for Central Gondwana
conformed to a recent satellite magnetic model (LCS-1) with the help of an equivalent
layer approach, resulting in consistent levels, corrections that have not previously been
applied. Additionally, we use the satellite data to its full spectral content, which helps
to include India, where high resolution acromagnetic data are not publically available.
As India is located north of the magnetic equator, we also performed a variable
reduction to the pole to the satellite data by applying an equivalent source method. The
conformed aeromagnetic and satellite data are superimposed on a recent deformable
Gondwana plate reconstruction that links the Kaapvaal Craton in Southern Africa with
the Grunehogna Craton in East Antarctica in a tight fit. Aeromagnetic anomalies unveil,

however, wider orogenic belts that preserve remnants of accreted Meso-to
17



Neoproterozoic crust in interior East Antarctica, compared to adjacent sectors of
Southern Africa and India. Satellite and aeromagnetic anomaly datasets help to portray
the extent and architecture of older Precambrian cratons, re enforcing their linkages in

East Antarctica, Australia, India and Africa.

Age

© 00 N O O s W N -
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o

Figure 1. (A) Conformed acromagnetic data, (B) Satellite model LCS-1 after variable reduction to
the pole, represented at 5 km ellipsoidal height. (C) Surface geology as represented in the Geological
Map of the World. The geological units are: 1: Cenozoic, 2: Mesozoic, 3: Upper Paleozoic, 4: Lower
Paleozoic, 5: Neoproterozoic, 6: Mesoproterozoic, 7: Paleoproterozoic, 8: Archean, 9: Large
Igneous Provinces, 10: Glaciers and Ice. All data sets are rotated back to 200 Ma with the deformable

plate model.
18



5. bt - BE it I U B 3 R R B KPR B A AT
(3.35-2.0 Ma) o

-

BEAN: EHZ dunfan_w@foxmail.com &

Jakob K A, Ho S L, Meckler A N, et al. Stable Biological Production in the Eastern Equatorial

Pacific Across the Plio-pleistocene Transition (3.35-2.0Ma) [J]. Paleoceanography and
Paleoclimatology, 2021, 36(4): e2020P4003965.

https://doi.org/10.1029/2020PA003965
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ABSTRACT: Upwelling within the Eastern Equatorial Pacific (EEP) Ocean is a key
factor for the Earth's climate because it supports >10% of the present-day biological
production. The dynamics of upwelling in the EEP across the Plio-Pleistocene
transition—an interval particularly relevant for understanding near-future warming due
to Anthropocene-like atmospheric carbon-dioxide levels—have been intensively
studied for the region east of the East Pacific Rise. In contrast, changes of the equatorial

upwelling regime in the open Pacific Ocean west of this oceanographic barrier have
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received markedly less attention. We therefore provide new proxy records from Ocean
Drilling Program Site 849 located within the EEP open-ocean upwelling regime. Our
target interval (~3.35-2.0 Ma) covers the Plio-Pleistocene transition characterized by
the intensification of Northern Hemisphere Glaciation (iNHG). We use benthic 580
values to generate a new, high-resolution age model for Site 849, and sand-
accumulation rates together with benthic §*3C values to evaluate net export production.
Although showing temporary substantial glacial-interglacial variations, our records
indicate stability in net export production on secular timescales across the INHG. We
suggest the following processes to have controlled the long-term evolution of primary
productivity at Site 849. First, nutrient export from the high latitudes to the EEP; second,
a successive shoaling of the Pacific nutricline during the studied interval; and third, a

simultaneous reduction in dust-borne iron input.
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Figure 1. Productivity proxy records for Site 849 for the ~3.35-2.0 Ma interval and evolutionary
spectra. (a) Benthic foraminiferal 'O record for reference. (b) Benthic foraminiferal §'3C record,
high (low) values indicate a mixed signature of low (high) rates of in situ export production but at
the same time high (low) rates of primary productivity in EEP source waters. Horizontal and vertical
bars in a and b indicate the 1o standard deviation associated with the individual records. (c) Sand-
accumulation rates; high (low) values indicate high (low) rates of in situ export production. Dashed
lines in a—c indicate long-term trends and gray bars mark glacial periods; selected MIS are labeled
for reference. (d—f) Wavelet analysis for benthic §'0, benthic §'3C and SAR. Black lines indicate
the 95% significance levels; white shading marks the cone of influence, that is the region in which

record length might not be sufficient to interpret results.
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Thallner D, Biggin A J, Halls H C. An extended period of extremely weak geomagnetic field
suggested by palaeointensities from the Ediacaran Grenville dykes (SE Canada) [J]. Earth and
Planetary Science Letters, 2021, 568:117025.

https://doi.org/10.1016/j.epsl.2021.117025
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ABSTRACT: Long-term variations of the geomagnetic field, observed in the
palaeomagnetic record, have the potential to shed much light on the evolution of Earth’s
deep interior. With a geomagnetic field characterised by anomalous directions and ultra-
low intensities, the Ediacaran period (635-538 Ma) is a time of special interest. Steep

and shallow directions, leading to virtual geomagnetic poles (VGPs) separated by
22



angles of up to 90° and very close in age could have recorded a geomagnetic field
switching between axial and equatorial dipole-dominated states. Alternatively, the field
may simply have been highly nondipolar and subject to rapid reversals. Palaeointensity
determinations of units that record the anomalous directions could potentially help to
discriminate between morphologies but the spatial and temporal distribution of
palacomagnetic data require improvement. Here we present new palaeointensities from
6 dykes from the western end of the Grenville Dyke swarm that recorded directionally
anomalous geomagnetic fields around ~585 Ma. Results from double-heating Thellier
experiments failed to satisfy the used selection criteria, but successful microwave
Thellier, Shaw and pseudo-Thellier experiments lead to palacointensities that show
field strength values of 2.9 + 2.2 uT and corresponding virtual dipole moments of 0.3-
1.7x10*2Am?. These field strengths are an order of magnitude weaker than the present-
day field. VGPs grouping in two distinct clusters with almost identical angular
dispersions of VGPs (SB=18.5°and 18.9°) may argue for the presence of an equatorial
dipole. In contrast, the palacointensities associated with the steep and shallow
components are indistinguishable. Although based on a low number of results, this
observation, together with the overall very large VGP dispersion may rather support
that the Grenville Dykes have recorded enhanced secular variation linked to a highly

unstable and rapidly reversing field.
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Figure 1. Map of southeast Ontario, showing the Grenville dykes and locations of sites studied in
Halls et al. (2015) and sites selected for this palaeointensity study; from Halls et al. (2015). (For

interpretation of the colours in the figure(s), the reader is referred to the web version of this article.)
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Figure 2. Virtual dipole moments of the Grenville dykes plotted versus age in with virtual dipole
moments of the Baltican Volyn traps (Shcherbakova et al., 2020) and the palacomagnetic dipole
moment of the Sept Iles (Bono et al., 2019) in comparison to the present-day field strength. Marker
sizes correspond to number of individual intensity estimates N used in the average. Plotted are mean
values with N>1. Error bars show estimated age errors and one standard deviation of dipole
moments.
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Zheng M, Sturevik-Storm A, Nilsson A, et al. Geomagnetic dipole moment variations for the last
glacial period inferred from cosmogenic radionuclides in Greenland ice cores via disentangling
the climate and production signals [J]. Quaternary Science Reviews, 2021, 258: 106881.
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ABSTRACT: The geomagnetic dipole moment (GDM) modulates the production rates
of cosmogenic radionuclides via the shielding of galactic cosmic rays. Therefore, it is
possible to use this linkage to reconstruct past changes in the GDM based on
cosmogenic radionuclide records from natural archives such as ice cores. Here we
present a GDM reconstruction based on '’Be and *°Cl data from two Greenland ice
cores from 11.7 ka to 108 ka b2k (before A.D. 2000). We find that the cosmogenic

radionuclide records reflect a mixture of climate and production effects that require
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separation to evaluate the changes in the GDM. To minimize climate-related variations
on isotope data, we applied a multi-linear correction method by removing common
variability between °Be and **Cl and climate parameters (accumulation rates, 5'%0 and
ion data) from radionuclide records. The resulting “climate corrected” radionuclide data
are converted to GDM using a theoretical production model. Comparison of “climate
corrected” radionuclides based GDM reconstructions with independent paleomagnetic-
derived GDM records shows a good agreement. Furthermore, the “climate correction”
leads to an improved agreement with GDM reconstructions than simply using
radionuclide fluxes, lending support to the validity of our correction method to isolate
production rate changes from ice core radionuclide records. With this correction method,
we can extend the GDM reconstructions based on the cosmogenic radionuclides in ice

cores to a period when there is a strong climate signal in the data.
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Figure 1. 5'%0, accumulation rates, and '’Be concentrations and fluxes from the NEEM ice core for
11.7-108 ka b2k. (a) NEEM 8'#0 data (NEEM community members, 2013; Schiipbach et al., 2018).
(b) NEEM accumulation rates from Rasmussen et al. (2013) averaged four different accumulation
reconstructions. (¢) NEEM !°Be concentrations. (d) NEEM !°Be fluxes are calculated by
multiplying the concentration of each sample with the corresponding accumulation rate and ice

density. 6'30 and accumulation rates are resampled to match the '°Be resolution.

26



8

| RMSE: 1.79(2.6
(@ RMSE: 1.73&2.351

10, 10
NEEM “Be,, = GDM -———NEEM "Be . GDM ~———PiSO-1500 ~— GGF100k

GDM (x10% Am?)
3

0 -
RMSE: 1.51(2.59
(b) RMSE: 131 a1 GRI® Be, GDM ——GRIP "Be_ . GDM ——PISO-1500 == GGF100k 2 s
" &
S
x
=
C 0 8
& L
RMSE: 1.47 p
E20|(e) RUSEE —"8a_,, GDM ——PISO-1500 —— GGF 100k
™~
R}
3 10 -
=
8o 5y
RMSE: 1.83(2.97 20 %
(d) Rse 63 GRIP ¥CI,_ GOM —GRIP ¥C{_ | GDM —PISO-1500 — GGF100k | 20 &
L
10 ¢
=
fa]
0O

Age (ka b2k)

Figure 1. Comparison of '°Bemean and 3°Clmean-based GDM reconstructions with the paleomagnetic
model reconstruction GGF100k (Panovska et al., 2018b) and the reconstruction from the global
relative paleointensity stack PISO-1500 (Channell et al., 2009). The shaded area for the °Besack -
based GDM presents its 2 standard error based on bootstrapping from the underlying records and
uncertainties in the average GDM. The shaded areas for °Bemean-, **Clmean-, *Befiux-, and 3°Clayy-
based GDM only indicate the uncertainties based on different assumed average GDM. The RMSE
(Root Mean Square Error) values in the bracket are the ones between uncorrected '“Beqyx. and

36Clgux-based GDM reconstructions and PISO-1500 and GGF100k.
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Brugger J, Feulner G, Hofmann M, et al. A pronounced spike in ocean productivity triggered by
the Chicxulub impact [J]. Geophysical Research Letters, 2021, 48:e2020GL092260.
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ABSTRACT: There is increasing evidence linking the mass-extinction event at the
Cretaceous-Paleogene boundary to an asteroid impact near Chicxulub, Mexico. Here
we use model simulations to explore the combined effect of sulfate aerosols, carbon
dioxide and dust from the impact on the oceans and the marine biosphere in the
immediate aftermath of the impact. We find a strong temperature decrease, a brief algal
bloom caused by nutrients from both the deep ocean and the projectile, and moderate
surface ocean acidification. Comparing the modeled longer-term post-impact warming
and changes in carbon isotopes with empirical evidence points to a substantial release
of carbon from the terrestrial biosphere. Overall, our results shed light on the decades

to centuries after the Chicxulub impact which are difficult to resolve with proxy data.
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Figure 1. Sea surface temperature evolution for different amounts of carbon released due to the
impact. Annual and global mean sea surface temperature before and after the impact for simulations
with (solid lines) and without the effects of dust produced during the impact (dashed line) as well

as for different amounts of organic carbon released from terrestrial reservoirs (colored lines).
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Figure 2. Effects of the impact on the marine biosphere. Annual and global mean ocean net primary

productivity before and after.
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Figure 3. Changes of surface carbon isotope ratios of dissolved inorganic carbon at Shatsky Rise,
Pacific. Colored lines show modeled changes in §'3C for the 1,000 years after the impact relative to
the 100-year pre-impact mean for simulations with different amounts of carbon. The model results
are embedded in changes in surface §'3C from proxy data from bulk carbonate (Table S11 in Hull
et al., 2020), assuming an absolute age for the K-Pg boundary of 66.022 Ma (Table S3 in Hull et al.,

2020) relative to the mean of the pre-impact proxy values.
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Figure 4. Effects of carbon and sulfur emissions from the impact on ocean acidification. Surface
ocean aragonite saturation state before the impact (a) and for the average over the 10 years after the
impact. The Q, = 1 line is shown in red. The dashed black line in (b) shows Q. =1 for the 1,000

years after the impact.
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