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Barker S, Knorr G. Millennial scale feedbacks determine the shape and rapidity of glacial
termination [J]. Nature Communications, 2021, 12(1): 2273.
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Summary and outlook: In this perspective we have highlighted progress in our
understanding of glacial terminations as the ultimate expression of the interaction
between millennial and orbital-timescale variations in Earth’s climate. Specifically we
discussed the importance of feedbacks, which appear most accentuated within the sweet
spot of millennial activity, and in particular during glacial termination when they help
to explain the magnitude and rapidity of these events. We then made the case that
structural changes in the stability of the AMOC can explain the occurrence of terminal
AMOC oscillations such as the HS1-B/A-YD triptych. Finally we argued that the
unusual AMOC oscillation of Termination 1 led to the low initial concentration and
subsequent rise of atmospheric CO; throughout the Holocene, which itself may
therefore be considered unusual a priori (without the need to call on human
intervention).

However, there are still major gaps in our knowledge, which need to be filled
before we can test some of the hypotheses put forward here. For example, sea-level
reconstructions beyond the last glacial maximum are uncertain and inconsistent (e.g.
throughout MIS 3 and across MIS 5a/4 and Termination 2; Fig. 4), making it difficult
to test our ideas about changing AMOC stability as a driver for deglacial oscillations in

ocean circulation or even to assess the boundary controls on the occurrence of
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millennial-timescale variability on G-IG timescales. More robust sea-level
reconstructions are therefore required that will allow us to compare the relative rates of
CO2 rise and ice sheet decline during previous terminations and assess our assertions
for example about the uniqueness of the B/A-YD oscillation.

An area of gathering momentum is model intercomparison. Many of the exciting
theoretical discoveries made over the past few years have been obtained using a single
model, leaving their results vulnerable to possible inadequacies in a particular model.
Projects such as PMIP94,95 will allow more confidence to be gained (or not) in
proposed mechanisms as will efforts to compare unforced (e.g. without freshwater
forcing) AMOC oscillations in a variety of different model setups. To date most
simulations of abrupt climate variability have been forced with freshwater but a
growing number of models display forms of ‘unforced’ oscillations (or at least strongly
non-linear responses to gradually changing boundary conditions). Given the apparent
importance of factors other than freshwater forcing we advocate a community effort to
simulate abrupt transitions through other means. Ultimately, the incorporation of an
interactive carbon cycle and ice sheet dynamics (including e.g. solid earth and ice shelf
cavity processes) will allow a fuller representation of the mechanisms involved in the
coupled earth system. In this way we will be able to vastly improve our understanding
of how internal climate system dynamics respond to external forcing across deglacial
transitions and finally reach a turning point in our understanding of glacial terminations.
This knowledge is not merely of academic interest; uncertainties over the location of
stability thresholds with respect to our current climate mean that we cannot rule out the
possibility that the AMOC is already within a regime of multiple equilibria with respect

to North Atlantic freshwater forcing.
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Figure 1. The 100 kyr problem. The geologic record of benthic foraminiferal §'%0 contains

significant spectral power in the eccentricity band (as well as those of precession and obliquity)

while the external insolation forcing at this period (~100 kyr) is negligible. Late Pleistocene glacial

cycles are ‘terminated’ by relatively short deglacial periods, giving rise to a characteristic saw-tooth

character. T1-T5 represent Terminations 1 to 5.

™

, Benthic 570 (%)
\
|

o

) Key climate parameters (c) Rate of change of key climate parameters

Atmospheric CO, (ppmv SL (m)
180 200 220 240 260 260 300 -120-100-80 -60 020 0 20 450

EDC 5D (%a)
425 400

-a75

-
in

1 ) h oA A
Ll M A AN

Benthic "0 (%o)

u
g

8

Mean absolute

rate of change (kyh
g s
. b6 s

H

lmn..r'a'lﬁuu'.t!..ﬁu'g-.in}
v o, y T | [} “ U

(d) Tempural distribution histograms of key climate parameters

Atmospheric CO, (ppmv)

20
104
o
(e) Millennial power versus key

£ o
£ -
3 - | Ny A A Np M A ol
3 N ' N WP PN Y PO . N WP = 0
3 v v Vv S
3- — 50
@ - S a0
§w

120{ i
100

80-
80-
40-
20-

oBBEE88388

0
climate parameters

%NPS S

24 2

5

E

3,

o8

@

Q

D

@

é

[

=2

=

-3

o]

[s]

°

@

@

w

(=]

w

-
nnial power E

Mean

Millennial power

o1 (f) IRD accumulauon versus key climate parameters

21 i 21 i
18- 18-
12 12

19

— o —_ i
s 8 s
Sz g §2°
Bt EEEs
£ G €24
égzs 23 Ez
@ © 3o = 8 %
a2 ss ]
ES 4 2
"45 o

50 300 400 500 600 5 45 4 35

Age (kyr) Benthic 50 (%)

'

5

150 200 220 240 760 280 300 -120-100-80-30 <0 20 © 70 450
Atmospheric CO, (ppmv) SL (m)

425 Jhﬂ )
EDC 8D (%)

TS

Figure 2. The sweet spot of millennial variability. a Records of benthic §'80, atmospheric CO», sea

level and Antarctic 6D. Yellow bars are same as for c—f. b Records from ODP Site 98325: %NPS (a
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proxy for sea surface temperature), millennial power (Hilbert transform of the 0.5-7 kyr Taner
bandpass filtered %NPS record) and Ice Rafted Debris (IRD) accumulation. ¢ Binned mean absolute
rates of change for the records in a. d Distribution histograms of the records in a. ¢ Mean millennial
power for the same bins utilized in ¢, d. f Mean IRD accumulation rates for the same bins utilized
in ¢, d. In each panel fainter colours represent deglacial intervals (terminations) while bolder colours
represent all other times. Yellow bars highlight the respective peaks in millennial power in e (the
sweet spot as described in the text and Box 1) and grey shaded regions highlight the broader

windows of opportunity.
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Figure 3. Feedbacks between millennial and orbital-timescale variability. From top to bottom:
Benthic 8'%0 (filled regions indicate monostable AMOC as a function of maximum ice volume);
Atmospheric CO; (filled regions indicate monostable AMOC as a function of high CO,); Greenland
ice-core 8'%0 with synthetic record beyond 110ka; %NPS (temperature proxy) from ODP Site 983;
Millennial activity at Site 983 (see text). Pink and yellow shaded boxes represent the window of
opportunity and sweet spot respectively (see Fig. 2). Grey headed arrows represent orbitaltimescale
trends in atmospheric CO»; Black (white) headed arrows represent examples of negative (positive)
feedback of millennial-scale variability on orbital changes. Feedbacks are strongest within the sweet
spot. Dashed vertical lines indicate timing of AMOC recovery associated with glacial terminations

T1 and T2. Lower numbers are Marine Isotope Stages.
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Figure 4. Deglacial changes in structural stability. Idealised timeseries of CO>, ice volume and
North Atlantic freshwater (FW) flux for last two terminations with corresponding variations in
AMOC strength according to text and Fig. 4. Solid curves represent T1; Dashed curves represent
T2; Dotted curves represent a scenario for T1 in which variations in the AMOC are forced purely
by freshwater (not requiring an underlying structural change in stability). Times t0—t6 are referred

to in text.
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Tassara S, Ague J J, Valencia V. The deep magmatic cumulate roots of the Acadian orogen, eastern
North America [J]. Geology, 2021, 49: 168-173.

https://doi.org/10.1130/G47887.1
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ABSTRACT: The dearth of cumulate magmatic roots in accretionary orogens is a
cornerstone of models that postulate redistribution of mass and energy within the crust
for the genesis of intermediate to silicic magmatism. Likewise, the origin of the evolved
Acadian (Devonian) plutonism in the New England Appalachians (northeastern USA)
has long been explained by closed-system crustal melting due to the absence of
associated coeval deep mafic counterparts. Here, we report the discovery of Acadian
hydrous ultramafic cumulate rocks that formed by deepseated (~ 1.1 GPa) fractional
crystallization processes from a mantle-derived parental melt (Connecticut, southern
New England, USA). These rocks are the first of their kind identified in the Appalachian

orogen, and one of only a handful of preserved deep subarc hydrous cumulates
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worldwide. We propose a genetic link between the studied rocks and the evolved coeval
plutonism in central-southern New England, where the former represent the missing
deep cumulate roots of the same magmatic arc. Our findings support the hypothesis that
differentiation of mantle-derived hydrous magmas by fractional crystallization and
assimilation processes in the deep crust is a fundamental process in the production of
intermediate to silicic magmatism and the geochemical evolution of the continental
crust.
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Figure 1. (A) Two-pyroxene (gray circles) and amphibole (white circles) thermobarometry. Star
indicates mean two-pyroxene pressuretemperature (P-T) value. (B) Simplified geological model of
tectonic and petrogenetic processes for genesis of evolved Acadian plutonism in central-southern

New England, USA.
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Paytan A, Griffith E M, Eisenhauer A, et al. A 35-million-year record of seawater stable Sr isotopes
reveals a fluctuating global carbon cycle [J]. Science, 2021, 371(6536): 1346-1350.

https://doi.org/10.1126/science.aaz9266
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ABSTRACT: Changes in the concentration and isotopic composition of the major
constituents in seawater reflect changes in their sources and sinks. Because many of the
processes controlling these sources and sinks are tied to the cycling of carbon, such
records can provide insights into what drives past changes in atmospheric carbon
dioxide and climate. Here, we present a stable strontium (Sr) isotope record derived
from pelagic marine barite. Our &*¥®Sr record exhibits a complex pattern, first
declining between 35 and 15 million years ago (Ma), then increasing from 15 to 5 Ma,
before declining again from ~5 Ma to the present. Numerical modeling reveals that the
associated fluctuations in seawater Sr concentrations are about +25% relative to
present-day seawater. We interpret the §%¥%Sr data as reflecting changes in the

mineralogy and burial location of biogenic carbonates.
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Figure 1. Schematic diagram of the modern global Sr cycle illustrating the main controlling fluxes
(Gmol Sr yr'") and ocean inventory. Mean isotope values are shown in bold for radiogenic Sr and in
italics for stable Sr. The present-day average flux weighted river input to the ocean has an 3’Sr/3°Sr of
0.713 and &%¥%°Sr of 0.317%o (7), and this 6%¥/*°Sr value corresponds to an average of different lithologies
(silicate 0.58%o and carbonates 0.18%o0). Groundwater inputs have an average Sr/3®Sr ratio of 0.709 and
5%%586Sr of ~0.3%o, and oceanic hydrothermal sources have an average ®’Sr/%°Sr ratio of 0.70366 and
5%%%6Sr of 0.24%o (7). The major oceanic Sr sink is the removal of Sr into marine CaCQOj3, which
preferentially incorporates the lighter Sr isotopes with an average isotope offset e(5%¥/4°Sr) of —0.18%o,
resulting in average CaCO3 3%%Sr of ~0.21%o at present (6). Seawater $’Sr/*Sr at present is 0.70917
and the 3%¥/3°Sr of seawater is 0.39%o, the latter being elevated above the d*¥®°Sr of the inputs caused by
preferential removal of light Sr isotopes into CaCOs (i.e., negative e) driving seawater isotopically
heavier. Dashed lines indicate more uncertain fluxes and isotopic compositions. Fluxes are compiled
from the literature (see the supplementary materials). Note that available data suggest a large present-

day Sr imbalance, so the Sr sink is substantially larger than the combined sources.
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Figure 2. Sr isotope records over the past 35 Myr. (A) Radiogenic Sr isotope record in marine barite
separated from several sites over the past 35 Myr (errors are smaller than the symbol size), along
with the seawater Sr isotope curve (gray line) from McArthur et al. (13). Slight differences between
the curves are likely due to differences in the age models used. (B) Stable Sr isotope record of these
down-core marine barite samples with a polynomial curve fit (black line) + 0.02%o analytical
uncertainty (gray lines). All data are provided in table S1. The inferred seawater 8%%/%Sr was
determined by adding the constant isotopic offset (fractionation) of 0.536%. based on core-top data.
Site 572 is shown in yellow; Site 573, red; Site 574, orange; Site 575, green; Site 849, purple; Site
1218, dark green; and Site 1219, gray. The average 688/86Sr core top value (—0.146%o) is marked
with a blue star, and the average PC72 value (—0.178%o) is marked with a pink triangle (individual
measurements are shown as open pink diamonds because they were not used in the fit); the core-
top average is not included in the polynomial fit (see discussion section in the supplementary

materials).
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Figure 3. Observed evolution of the Sr system in radiogenic versus stable Sr isotope space over the
past 35 Myr. Circles reflect down-core barite measurements and are color-coded by sample age, and
triangles reflect the core-top measurements. The cross indicates modern seawater Sr isotopic
composition. All barite data are corrected for the isotopic fractionation offset of 0.536%o, and the x-
and y-axis scales reflect inferred seawater Sr isotopic composition rather than measured 87Sr/%Sr
and &%/36Sr of barite. The red line represents the polynomial fit to the data presented in Fig. 2. The
colored arrows illustrate the approximate direction in 87Sr/%Sr and %¥/%6Sr space of the seawater Sr
response to some of the key controlling factors: the proportion of basaltic versus granitic weathering,

the hydrothermal Sr input flux to the ocean, and rates of reef CaCO3 deposition.
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Hao W X, Zhu R X, Zhu G. Jurassic tectonics of the eastern North China Craton: Response to
initial subduction of the Paleo-Pacifc Plate [J]. Geological Society of America Bulletin, 2021, 133:
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ABSTRACT: The Yanshan fold-and-thrust belt (YFTB) on the northern margin of the
eastern North China Craton (NCC) contains a succession of Jurassic volcano-
sedimentary rocks that record the response of the NCC to the initial stages of subduction
of the Paleo-Pacifc Plate. We present stratigraphic profles and new zircon U-Pb data
from four basins in the YFTB to constrain the ages of the Jurassic lithological units and
tectonic events related to the initial subduction. Following uplift at 200-190 Ma,
protracted eruption of basalt at 188—167 Ma reflects the earliest tectonic activity in the

YFTB. The eruption occurred in a backarc extensional setting, and migrated toward the
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west, consistent with WNW directed subduction of the Paleo-Pacifc Plate. The
measured profiles and geochronological data demonstrate that the earliest phase of
shortening in the YFTB during the Jurassic (event A of the Yanshan Movement in the
Chinese literature) took place at 167 Ma. This compression terminated the magmatism
and extension of the Early-Middle Jurassic, and resulted in the development of local
thrusts, regional uplift, and a disconformity, without involvement of intense folding or
the development of an angular unconformity. These observations are consistent with a
weak to moderate intensity of deformation. The Jurassic rocks in the YFTB record the
response of a backarc to the initial stages of subduction of the Paleo-Pacifc Plate.
Jurassic tectonics in the YFTB and the entire eastern China continent suggests that
initial subduction of the Paleo-Pacifc Plate began at ca. 190 Ma, and is consistent with

the passive margin collapse model.
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Figure 1. (A) Tectonic map of East China. (B) Sketch map showing the location of Mesozoic basins

within the Yanshan fold-and-thrust belt along the northern margin of the North China Craton.
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ABSTRACT: Oxygen isotopes from ocean sediments (3'30) used to reconstruct past
continental ice volumes additionally record deep water temperatures (DWTs).
Traditionally, these are assumed to be coupled (ice-volume changes cause DWT
changes). However, 6'%0 records during peak Middle Miocene warmth (~16—15 million
years ago) document large rapid fluctuations (~1-1.5%o) difficult to explain as huge
Antarctic ice sheet (AIS) volume changes. Here, using climate modelling and data
comparisons, we show DWTs are coupled to AIS spatial extent, not volume, because

Antarctic albedo changes modify the hydrological cycle, affecting Antarctic deep water
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production regions. We suggest the Middle Miocene AIS had retreated substantially
from previous Oligocene maxima. The residual ice sheet varied spatially more rapidly
on orbital timescales than previously thought, enabling large DWT swings (up to 4 °C).
When Middle Miocene warmth terminated (~13 million years ago) and a continent-
scale AIS had stabilized, further ice-volume changes were predominantly in height
rather than extent, with little impact on DWT. Our findings imply a shift in ocean
sensitivity to ice-sheet changes occurs when AIS retreat exposes previously ice-covered
land; associated feedbacks could reduce the Earth system’s ability to maintain a large
AIS. This demonstrates ice-sheet changes should be characterized not only by ice

volume but also by spatial extent.

MMCT MCO o5
12 |
T
10 h ‘ | 1.0 s U
. IS
f L | > y S g
: AT Ay
| gl R S 9
\ ‘ = U133z )
. ) \ vtz
20 \
’ | ” N vay
4 N &
q i
Typical -25
litud
e | 0 0 0 ®
b 4.0
8
L7 4/[?.;;5;1?\ N
25 _— ce /’égl‘;ﬂﬁ\ N
= 6 5 i / <//-\"’/ 5 “'.
RSN L |
0 2o | ® 1171 |
a0 b
L4 < \mf /
4 ~
Typical —_
litud L3
e 0 e © 1l ®
[
1
225
ce
10 %%
E
9 53
88
8
Typical
amplitude 7
o © 6 © ®
d 0|
AT
S ! § & ‘a \
g 7 \] " [ I' "s/ ? %‘:r:ﬂy \“:\‘\
i i P ‘
'% 20| ; | ’ "' R I I 1 ﬁ"g‘(_n;%;- )
o ! ; T ! ! o A
: D’ r "w !| | ' il X . \?W b
g I Nooumsm y
& \ \111333 E;3///
—40 4 Miller et al." Kominz et al.™
13 14 I 15 16 17

Age (Ma)



Figure 1. Middle Miocene benthic (Cibicidoides spp.) oxygen isotope, DWT and sea-level changes.
a, 6'%0, splice. b, Site 1171 DWT, Southern Ocean (Antarctica-proximal). ¢, Site 761 DWT, Indian
Ocean (Antarctica-distal but in AABW path). Data locations shown on right of panels. DWTs are
Mg/Ca reconstructions (uncertainty +4 °C; relative values are considered more robust than
absolutes). Other available DWT records are too low resolution/short. Data are plotted on their
respective age models (full details in Supplementary Table 11). d, Sea level (eustatic estimatesx1.48
cf. ref. ). Shading: MCO, yellow; MMCT, blue and grey; major ice-growth event (MMCT, blue).
Vertical lines are indicative of the typical maximum §'*0/DWT amplitudes during the MCO (4),
MMCT before the major ice-growth event (3), MMCT major ice-growth event (2) and post-MMCT
(1). Since the data cover different times and resolutions, these lines are not coincident in time for

panels a—c.
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Dssing A, Silva E, Martelet G, et al. A High-Speed, Light-Weight Scalar Magnetometer Bird for
km Scale UAV Magnetic Surveying: On Sensor Choice, Bird Design, and Quality of Output Data
[J]. Remote Sensing, 2021, 13(4): 649.

https://doi.org/10.3390/rs13040649
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ABSTRACT: Magnetic surveying is a widely used and cost-efficient remote sensing
method for the detection of subsurface structures at all scales. Traditionally, magnetic
surveying has been conducted as ground or airborne surveys, which are cheap and
provide large-scale consistent data coverage, respectively. However, ground surveys
are often incomplete and slow, whereas airborne surveys suffer from being inflexible,
expensive and characterized by a reduced signal-to-noise ratio, due to increased sensor-
to-source distance. With the rise of reliable and affordable survey-grade Unmanned
Aerial Vehicles (UAVs), and the developments of light-weight magnetometers, the
shortcomings of traditional magnetic surveying systems may be bypassed by a carefully
designed UAV-borne magnetometer system. Here, we present a study on the
development and testing of a light-weight scalar field UAV-integrated magnetometer
bird system (the CMAGTRES-S100). The idea behind the CMAGTRES-S100 is the
need for a high-speed and flexible system that is easily transported in the field without
a car, deployable in most terrain and weather conditions, and provides high-quality
scalar data in an operationally efficient manner and at ranges comparable to sub-
regional scale helicopter-borne magnetic surveys. We discuss various steps in the
development, including (i) choice of sensor based on sensor specifications and sensor
stability tests, (i1) design considerations of the bird, (ii1) operational efficiency and
flexibility and (iv) output data quality. The current CMAGTRES-S100 system weighs
~5.9 kg (including the UAV) and has an optimal surveying speed of 50 km/h. The
system was tested along a complex coastal setting in Brittany, France, targeting mafic
dykes and fault contacts with magnetite infill and magnetite nuggets (skarns). A 2.0x0.3
km area was mapped with a 10 m line-spacing by four sub-surveys (due to regulatory
restrictions). The sub-surveys were completed in 3.5 h, including >2 h for
remobilisation and the safety clearance of the area. A noise-level of £0.02 nT was

obtained and several of the key geological structures were mapped by the system.
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Miller K G, Browning J V, Schmelz W J, et al. Cenozoic sea-level and cryospheric evolution from

deep-sea geochemical and continental margin records [J]. Science Advances, 2020, 6(20):
eaazl346.
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ABSTRACT: Using Pacific benthic foraminiferal 580 and Mg/Ca records, we derive
a Cenozoic (66 Ma) global mean sea level (GMSL) estimate that records evolution from
an ice-free Early Eocene to Quaternary bipolar ice sheets. These GMSL estimates are
statistically similar to “backstripped” estimates from continental margins accounting
for compaction, loading, and thermal subsidence. Peak warmth, elevated GMSL, high
COg, and ice-free “Hothouse” conditions (56 to 48 Ma) were followed by “Cool
Greenhouse” (48 to 34 Ma) ice sheets (10 to 30 m changes). Continental-scale ice sheets
(“Icehouse™) began ~34 Ma (>50 m changes), permanent East Antarctic ice sheets at

12.8 Ma, and bipolar glaciation at 2.5 Ma. The largest GMSL fall (27 to 20 ka; ~130
24



m) was followed by a >40 mm/yr rise (19 to 10 ka), a slowing (10 to 2 ka), and a
stillstand until ~1900 CE, when rates began to rise. High long-term CO. caused warm
climates and high sea levels, with sea-level variability dominated by periodic

Milankovitch cycles.
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Figure 1. Summary of Cenozoic benthic foraminiferal §'20, temperature, sea level, and CO> records.
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Shcherbakov V, Lhuillier F, Sycheva N K. Exact analytical solutions for kinetic equations
describing thermochemical remanence acquisition for single-domain grains: Implications for
absolute paleointensity determinations [J]. Journal of Geophysical Research: Solid Earth. 2021,
126(5): €2020JB021536.
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ABSTRACT: The magnetic record, preserved by igneous rocks in the form of
thermoremanent magnetization (TRM) or thermo-chemical remanent magnetization
(TCRM), is essential to reconstruct Earth's absolute paleointensity (API) but strongly
depends on the kinetic conditions in which the remanence was acquired. In this paper,

we present exact analytical solutions describing the time-dependent processes of
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acquisition and thermal demagnetization of various kinds of thermally activated
remanences for non-interacting single-domain grains with uniaxial shape anisotropy.
Our solutions, derived in less-restrictive conditions than previous studies, are also valid
for TCRMs acquired either by growth of grain volume or by increase of the Curie point
Tc. We first show that TCRMs by T. increase and TRMs are of comparable intensity
whereas TCRMs by volume growth are significantly less intense. We then model Arai-
Nagata diagrams for assemblies of coercivity-variable grains and find that all Thellier-
type protocols yield reliable API determinations for TRMs and TCRMs by Tt increase,
with the peculiarity of the IZZI protocol to produce small zigzags in the Arai-Nagata
diagram. In contrast, TCRMs by volume growth yield convex Arai-Nagata diagrams.
The most conspicuous kinetic effect is the influence of cooling rate on API
determinations due to a ~5% increase of the remanent magnetization for a 10-fold
increase in cooling time. We show that the situation is problematic when the cooling
time of natural samples coincides with the geomagnetic secular-variation time scales.
Natural samples with cooling times sufficient to average out secular variation
conversely yield reliable API determinations provided a cooling rate correction is

applied.
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Figure 1. Effect of secular variation on Arai-Nagata diagrams for Thellier—Coe experiments. (a and
b) TRM acquired for cooling time Axrm = 1,000 years (i.e., g =42.6). (¢) TRM acquired for cooling
time Anrm = 10,000 years (i.e., q = 44.9). The variations of the normalized external field h(6 =1 —t
/ A| A > 0.5) during the TRM acquisition (solid line, right axis in the insets) were predicted by the
statistical model by Khokhlov and Shcherbakov (2015). The local value of the paleointensity in the
Arai-Nagata diagrams is represented by the derivative h*(0) = dINRM)/d(pTRM) (dashed line, left

axis in the insets).

—

0 _— 0
a. Thellier-Coe \ b. Thellier-Aitken
! - B —
I | s | 0 \
i IH H 1
! . W\
£ 1 £ \
T w0 I - \
E \ E 4
3 ! T Y
i /1 /
20+ 4 fi
/ ,
J _
1
4 4] ! a D'In‘é néﬂ I& FJI84 Jé -J..!'H ¥ a2 U.ISH
temperature temperature
&0 50 -
¢. Thellier-Coe (antiparallel) d. Thellier-Coe (1) '-\|
: — \
0 \ %0 y
5 A 2 | — —
o % 10 A
i ® — /;; n * W
H = R £ I
3o IE
£ , E g
H — !
— /
20 ! 1
4 .
-0 W =1 P ! ! - - l. T ! L
ors oie a7a 0.80 0.82 RS ovs 0.7e ars 0.80 82 as4
temperatura tempaerature
€. Thellier-Thellier o
a0 1 ~1J
E zero field
% [ — parallel in-field
5 i
E Ii --—-— antiparallel in-field
H i
13 i perpendicular in-field
SILY . S — -

Figure 2. Continuous thermomagnetic curves of the reduced magnetization y(0) to an intermediate
temperature 01 = 0.83 for an ensemble of identical SD grains with parameters g = 100 and q = 25.
(a) Zero-field heating—cooling cycle (curves 1-2) followed by an in-field heating—cooling cycle
(curves 3—4), following the example of the Thellier—Coe protocol. (b) In-field heating—cooling cycle
(curves 1-2) followed by a zero-field heating—cooling (curves 3—4), following the example of the
Thellier—Aitken protocol. (c) Same as panel (a) for a laboratory field antiparallel to the TRM

direction. (d) Same as panel (a) for a laboratory field perpendicular to the TRM direction. (e)

Example of the Classical Thellier method with opposite fields applied for the first and second cycles.
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ABSTRACT: Higher boreal summer insolation in the early to middle Holocene drove
thousands of years of summer warming across the Arctic. Modern-day warming has
distinctly different causes, but geologic data from this past warm period hold lessons
for the future. We compile Holocene temperature reconstructions from ice, lake, and
marine cores around Greenland, where summer temperatures are globally important
due to their influence on ice sheet mass balance, ocean circulation, and sea ice.
Highlighting and accounting for some key issues with proxy interpretation, we find that
much of Greenland experienced summers 3 to 5°C warmer than the mid-twentieth
century in the early Holocene--earlier and stronger warming than often presumed.
Warmth had dramatic consequences: Many glaciers disappeared, perennial sea ice
retreated, plants and animals migrated northward, the Greenland Ice Sheet shrank
rapidly, and increased meltwater discharge led to strong marine water stratification and

enhanced winter sea ice in some areas.
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Figure 1. (a—d) Holocene air temperature indicators. Colored bars show qualitative indicators of
summers warmer than the mid-twentieth century AD (smaller-than-present mountain glaciers and
ice caps in orange; northward migrations of terrestrial species in green) and discontinuous
quantitative estimates (red) from midge assemblages and reconstructed glacier equilibrium line
altitudes (ELAs) (light blue). Colored curves show summer temperature anomalies relative to the
mid-twentieth century. Gray curves show data from large marginal ice caps. 6'0 from ice cores is
an annual proxy. Note the divergence between pollen-based reconstructions (dashed data curves)
and other indicators in the early Holocene, whereas all indicators largely agree through the middle
and late Holocene. The numbers in parentheses refer to the code numbers in Figure 1b and
Supplemental Table 1. (e) Climate forcings and influences including June insolation (Berger &
Loutre 1991), atmospheric CO, (Monnin et al. 2004), and decline of the Laurentide-Innuitian-

Cordilleran ice sheet complex (Dalton et al. 2020, y-axis reversed).
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ABSTRACT: Since the publication of the European archaeomagnetic field model
SCHA.DIF.3k in 2009, the number of paleomagnetic data derived from archaeological
materials such as baked clays and volcanic rocks coming from Europe has increased by
about 90% for directions and around 180% for intensities. Taking advantage of this
increase, here we provide an updated regional archaecomagnetic model, called
SCHA.DIF.4k, for the European continent and adjacent areas and now covering the last

four millennia. To model the three geomagnetic elements, declination, inclination, and
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intensity, we use the regional R-SCHA2D technique in space and temporal basis of
cubic splines. A critical selection of the archaeomagnetic and volcanic data available in
a spherical cap of 30° centered at 40°N latitude and 10°E longitude has been considered.
In addition, in order to better constrain the behavior of the archaeomagnetic field during
the last centuries, we include the historical data of the HISTMAG compilation. The new
regional model allows us to better define the paleomagnetic field over Europe as well
as to generate new paleosecular variation curves for archaecomagnetic dating purposes.
Using these curves, the dating precision has been estimated for the last 4 kyr. As
expected, results show that it strongly depends on the data uncertainties, the temporal
data distribution and the behavior of the geomagnetic field itself. In addition, the use of
the full vector geomagnetic field, instead of the directional information exclusively,

provides more precise archacomagnetic dating results.
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Figure 1. Paleosecular variation (PSV) curves at (a) 40°N, 5°W and (b) 35°N, 35°E coordinates,
and (c) Hovmdller diagrams for the declination (left), inclination (center), and intensity (right)
elements. For the PSV curves: red curves correspond to the new SCHA.DIF.4k model with error
bands at 1o (thin red lines) and 2o (dashed red lines). Green curves represent the previous regional
archacomagnetic model SCHA.DIF.3k. In addition, global archacomagnetic models CALS10k.2
(yellow curves), SHA.DIF.14k (blue curves) and SHAWQ family (black curves) are also plotted.
Archaeomagnetic and historical data referred to each location are plotted for comparison as gray
dots (with error bars). For the Hovmoller diagrams: they are calculated at a constant latitude of 40°N

for the range of longitudes inside the spherical cap.
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ABSTRACT: Earth’s largest biotic crisis occurred during the Permo—Triassic
Transition (PTT). On land, this event witnessed a turnover from synapsid- to
archosauromorph-dominated assemblages and a restructuring of terrestrial ecosystems.
However, understanding extinction patterns has been limited by a lack of high-precision
fossil occurrence data to resolve events on submillion-year timescales. We analyzed a

unique database of 588 fossil tetrapod specimens from South Africa’s Karoo Basin,
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spanning ~4 My, and 13 stratigraphic bin intervals averaging 300,000 y each. Using
samplestandardized methods, we characterized faunal assemblage dynamics during the
PTT. High regional extinction rates occurred through a protracted interval of ~1 Ma,
initially co-occurring with low origination rates. This resulted in declining diversity up
to the acme of extinction near the Daptocephalus—Lystrosaurus declivis Assemblage
Zone boundary. Regional origination rates increased abruptly above this boundary, co-
occurring with high extinction rates to drive rapid turnover and an assemblage of short-
lived species symptomatic of ecosystem instability. The “disaster taxon” Lystrosaurus
shows a long-term trend of increasing abundance initiated in the latest Permian.
Lystrosaurus comprised 54% of all specimens by the onset of mass extinction and 70%
in the extinction aftermath. This early Lystrosaurus abundance suggests its expansion
was facilitated by environmental changes rather than by ecological opportunity
following the extinctions of other species as commonly assumed for disaster taxa. Our
findings conservatively place the Karoo extinction interval closer in time, but not coeval
with, the more rapid marine event and reveal key differences between the PTT

extinctions on land and in the oceans.
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Figure 1. Map of South Africa depicting the distribution of the four tetrapod fossil assemblage zones
(Cistecephalus, Daptocephalus, Lystrosaurus declivis, Cynognathus) and our two study sites where
fossils were collected in this study (sites A and B). Regional lithostratigraphy and biostratigraphy
within the study interval are shown alongside isotope dilution—thermal ionization mass spectrometry
dates retrieved by Rubidge et al., Botha et al., and Gastaldo et al. The traditional (dashed red line)
and associated PTB hypotheses for the Karoo Basin are also shown. Although traditionally
associated with the PTB, the Daptocephalus—Lystrosaurus declivis Assemblage Zone boundary is
defined by first appearances of co-occurring tetrapod assemblages, so its position relative to the
three PTB hypotheses is unchanged. The Ripplemead member (*) has yet to be formalized by the

South African Committee for Stratigraphy.
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Figure 2. Stratigraphic ranges of the 53 Karoo fossil tetrapod species included in this study with
occurrence counts (infilled circles) in each bin interval. The dashed red line indicates the
Daptocephalus—Lystrosaurus declivis Assemblage Zone boundary, the traditional PTB in the Karoo
Basin. Some species have lower-resolution stratigraphic data, and these were included here (but not

in the analyses) to show uncertain first or last occurrences for specific species in our study.
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ABSTRACT: Cenozoic surface uplift of Tibetan Plateau has driven the birth and
reorganization of large river systems in Asia. The development of the Yangtze River,
closely linked to plateau uplift, has important implications for the regional tectonic-
geomorphology processes, but is still under debate. The key scientific question is
whether the upper Yangtze (upper Jinshajiang) once flowed southeast to the South
China Sea. In this study, we carried out provenance analysis on Paleogene sedimentary
rocks in the Jianchuan Basin, composed of the Baoxiangsi, Jinsichang and Shuanghe

formations. We compared them with similar deposits in other regional basins, as well
37



as with potential sources. Heavy-mineral and geochemical data show that sediments
from the Jinsichang Formation are more mature compared with those from the
Shuanghe and Baoxiangsi formations. The Jinsichang Formation represents the
products of a large fluvial system, whereas the Baoxiangsi Formation is mainly
dominated by local sources. The Shuanghe Formation contains material from both
distant sources and locally eroded materials. Detrital zircon U-Pb age patterns from the
Jianchuan Basin are similar to those in sediments in the Gonjo, Simao and Chuxiong
basins, and show great similarity with the modern Jinshajiang River. Statistical analysis
of the zircon ages suggests that the Songpan-Ganzi terrane was the primary source for
all sediments, while the Yangtze Craton and northern Qiangtang terrane constitute
secondary sources. Taken together these data confirm that a paleo-Jinshajiang flowed
south towards to the South China Sea from the SE Tibetan Plateau in the late Eocene,

constraining the age of formation of the First Bend.

(A) Paleocene-late Eocene (B) Post-late Eocene

 South China
Sea

%% South China
Sea

Lhasa, Tengchong unit North Qiangtang [ Lanping-Simao, Indochina [l Hoh-Xil, Songpan-Ganzi
South Qiangtang, Sibumasu unit @ Gonjo Basin @) Jianchuan Basin @) Simao Basin @ Chuxiong Basin

Figure 1. Schematic evolutionary model of the paleo-Jinshajiang, illustrating the formation of the
First Bend. (A) the paleo-Jinshajiang draining from the Tibetan Plateau southward to the South
China Sea, flowing through the Gonjo, the Jianchuan and the Simao Basin during Paleocene- late
Eocene. (B) After the late Eocene, the drainage changed to northeast and formed the First Bend
because of the uplift and inversion of the Jianchuan Basin and the left-sinistral motion of the ASRR.

The positions of the terranes and its reconstrucitions are based on Royden et al. (2008).
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ABSTRACT: The primary influences on the spatio-temporal variability of oxygen
isotope compositions in precipitation over the Indian summer monsoon domain are
inadequately constrained by the limited observational record. Consequently, the
climatic significance of isotopic signatures of precipitation preserved in proxy archives
from the region remains unclear. Here we present simulations with an isotope-enabled
climate model (IsoGSM2) with the moisture-tagging capability to investigate the role
of relative contributions of moisture from oceanic and terrestrial sources to the
interannual variability in oxygen isotope composition in summer monsoon rainfall.
During weak monsoon years, the moisture contribution from the Arabian Sea dominates
precipitation over the Indian subcontinent while the remote oceanic and terrestrial
sources have a greater influence during strong monsoon years. We suggest that changes

in monsoon circulation, moisture source, and precipitation intensity are interrelated and
39



that speleothem oxygen isotope records from the region can potentially help reconstruct

interannual to decadal monsoon rainfall variability.
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Figure 1. Weak minus strong JJAS composites of climatological fields and “tagged” moisture
anomalies. a JJAS mean precipitation anomalies from the European Centre Medium-Range Weather
Forecasts Reanalysis Fifth generation (ERA-5)71 (left), vertically integrated zonal flux anomalies
(middle), and meridional moisture flux anomalies (right) from ERA-571 (shaded). b JJAS moisture
anomalies from ARAB (left), SIO (middle), and LND (left). ¢, d JJAS moisture (% TPW) (shaded)
from ARAB (left), BoB (middle), NIO (right), SIO (left), PCO (middle), LND regions (right) are

superimposed by simulated vertically integrated moisture flux anomalies over the same period
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(1979-2010). Circles in all panels mark the locations of the cave records discussed in the text. The
strong (1983, 1988, and 1994) and weak (1982, 1987, 2002, 2004, and 2009) monsoon seasons are
defined as positive (negative) departures of one standard deviation from the mean of All India
Rainfall. The weak monsoon years are characterized by (i) negative precipitation anomalies over
much of continental India except over northeast, northern BoB, and the coastal Myanmar regions;
(ii) reduced vertically integrated zonal moisture flux along the climatological axis of the LLJ over
the Arabian Sea, compensated by anomalously enhanced northwest-southeast trending zonal
moisture flux across north India (with its core at ~25°N) and near the equator; (iii) negative

meridional moisture flux anomalies, particularly east of 75°E over the Indian subcontinent.

JJAS ARAB(%) vs. Precipitation (IsoGSM2) Year CE
c 1980 1985 1990 1995 2000 2005 2010

Monsoon Season (JJAS)
3, ARAB (%TPW) 8'O,,, 6'°0, prcp T R v

JJAS precipitation (Z-score)
Pl i P

-3 L3 L3L3
‘m Prep vs. 80, Prcp vs. ARAB(%) Prcp vs. 80,
r=-0.77 r=-0.47 r=-0.71

08 -06 -04 -02 O 02 04 06 08

Correlation Coefficients [-0.88, -0.54] [-0.76,-0.03] [-0.89,-0.34]

N=32,edof=250 N=32,edof=29.9 N=32 edof=27.4

b d Mid-Late Monsoon Season (AS)
AS LND (%) vs. Precipitation (IsoGSM2) 39 LND (% TPW) 50, §'%0, Prcp 3 313
24 2 F-2}-=2
T .
S
2 14 1 Fala
N
= 0~ +0 +0 |0
B 0
o o
]
8 =14 =1 =1 1
wv
2 4
-2 -2 -2 =2
Precp vs. 8°0, Prcp vs. LND(%) Prcp vs. 80,
r=-0.74 r=0.77 r=-0.70

[-0.84,-0.59] [0.53, 0.90] [-0.85,-0.46]
N=32,edof=29.3 N=32edof=26.2 N=32,edof=29.2

T
08 -06 -04 02 0 02 04 06 08 1980 1985 1990 1995 2000 2005 2010
Correlation Coefficients Year CE

Figure 2. Spatial correlation fields and time-series comparisons. a Correlations between June and
September (JJAS) IsoGSM2 simulated ARAB (% TPW) and precipitation amount at each grid cell.
The correlation was performed after removing the climatological mean and trend from data (b) same

as (a) but for LND (% TPW) vs. August to September (AS) precipitation amount. The black
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rectangle in each panel marks the region used for extracting time-series comparisons in panels (c)
and (d). Stippling indicates regions of significant correlations at 95% significance level obtained
after accounting for serial correlations and followed by the application of false discovery rate (FDR)
procedure with a 5% threshold (see “Methods”). FDR is the expected proportion of rejected
hypotheses when the null hypothesis is actually true for those tests. ¢ Z-score transformed time-
series comparisons between the JJAS precipitation amount (black), ARAB (% TPW) (red), 5'%0,
(cyan), and 8'®0, (blue) for 1979-2010. Timeseries for all four variables represent averaged values
extracted from a rectangular-shaped region over the Indian subcontinent marked by rectangles in
panels (a) and (b). All vertical axes (right) are reversed and color-coded by variables names. d Same
as c but for August to September precipitation and LND (%) moisture source. The vertical axes for
3180, and 8'80yy are reversed. The Pearson correlation coefficients (r) with 95% confidence
intervals (CI) are shown in each panel. The 95% Cl is derived from pairwise moving-block bootstrap

resampling (N =2000) and calibration that account for serial autocorrelation in data (see “Methods”).
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