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Jianghui Du, Brian A. Haley, Alan C. Mix, et al., Evolution of the Global Overturning

Circulation since the Last Glacial Maximum based on marine authigenic neodymium isotopes
[J]. Quaternary Science Reviews, 2020, 241, 106396, 728-732.
https://doi.org/10.1016/].quascirev.2020.106396
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ABSTRACT: The Global Overturning Circulation is linked to climate change on glacial-

interglacial and multimillennial timescales. The understanding of past climate-circulation links
remains hindered by apparent conflicts among proxy measures of circulation. Here we reconstruct
circulation changes since the Last Glacial Maximum (LGM) based on a global synthesis of
authigenic neodymium isotope records (eNd). We propose the bottom-up framework of interpreting
seawater and authigenic eNd considering not only conservative watermass mixing, but also the

preformed properties and the non-conservative behavior of €Nd, both subject to sedimentary



influences. We extract the major spatial-temporal modes of authigenic €éNd using Principal
Component Analysis, and make a first-order circulation reconstruction with budget-constrained box
model simulations. We show that during the LGM, the source region of North Atlantic overturning
shifted southward, which led to more radiogenic preformed €Nd of glacial Northern Source Water
(NSW). Considering this preformed effect, we infer that glacial deep Atlantic had a similar
proportion of NSW as today, although the overall strength of glacial circulation appears reduced

from both North Atlantic and Southern Ocean sources, which increased the relative importance of
nonconservative behavior of eNd and may have facilitated accumulation of respired carbon in the
deep ocean. During the deglaciation, we find that Southern Ocean overturning increased, which
offset suppressed North Atlantic overturning and resulted in a net stronger global abyssal circulation.
Faster global scale deglacial circulation reduced the relative importance of non-conservative effects,
resulting in AtlanticPacific convergence of abyssal eNd signatures. Variations of Southern Ocean
overturning likely drove a significant fraction of deglacial changes in atmospheric CO2 and oceanic

heat budget.
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Figure 1. Observed and simulated deglacial authigenic eéNd records compared to global climate
proxies. A: Model scaling (with respect to the Holocene mean) applied to the SOMOC (scaled to
median PC2 scores in Fig. 5B) and the AMOC (scaled to North Atlantic 231Pa/230Th LOESS
regression median in C) in simulations. B: Model results (lines, labels corresponding to the scaling
in A) compared to the PC2 records (ribbons) of representative high resolution authigenic eNd
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records from North Pacific (B1, EW0408-87JC, 3680 m) (Du et al., 2018), Southern Ocean (B2,
PS75/073_2, 3234 m) (Basak et al., 2018) and North Atlantic (B3, OCE326_GGC6/ODP Site1063,
4543 m)(Bohm et al., 2015 € ; Lippold et al., 2019; Roberts et al., 2010). The mean eNd offset
between each individual site and the ocean box average is removed to facilitate datamodel
comparison. C: 231Pa/230Th records from the North Atlantic (Ng et al., 2018) (dots for raw data;
solid line and ribbon for LOESS regression median and 95% CI). 0.093 (dotted line) is the
production ratio. D: Ice Core CO2 from WAIS Divide (WD) (Marcott et al., 2014) and noble gas
derived Mean Ocean Temperature (MOT) anomaly from EPICA Dome C (EDC) and WD. The YD
interval of WD record is replaced by Taylor Glacier data (Baggenstos et al., 2019; Bereiter et al.,
2018; Shackleton et al., 2019). E:Rate change of MOT (dMOT/dt) estimated using nonparametric
kernel regression smoothing with a global bandwidth of 1.5 kyr. F: Ice core d13C-CO2 from Taylor
Glacier (Bauska et al., 2016) and a spline-smoothed compilation (Schmitt et al., 2012).
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Modern Atlantic Antarctica Pacific

Figure 2. Schematics of ocean circulation in the LGM (A), HS1 and YD (B), and today (C). The
modern scheme is based on Talley (2013). Note inferred Glacial North Atlantic Intermediate and
Bottom Water (GNAIW and GNABW). For schematics LSW and NSOW appear together but
separated from the North Atlantic basin. The thickness of the lines indicates hypothetical transport
strength. For eNd-based NPIW reconstruction we refer to our previous study (Du et al., 2018) where
we found it to not have changed significantly since the LGM.
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Lewis, K. M., van Dijken, G. L., Arrigo K. R. (2020). Changes in phytoplankton
concentratlon now drive mcreased Arctic Ocean primary production. Science. 369,
198-202.
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ABSTRACT: Historically, sea ice loss in the Arctic Ocean has promoted increased phytoplankton
primary production because of the greater open water area and a longer growing season. However, debate
remains about whether primary production will continue to rise should sea ice decline further. Using an
ocean color algorithm parameterized for the Arctic Ocean, we show that primary production increased
by 57% between 1998 and 2018. Surprisingly, whereas increases were due to widespread sea ice loss
during the first decade, the subsequent rise in primary production was driven primarily by increased
phytoplankton biomass, which was likely sustained by an influx of new nutrients. This suggests a future

Arctic Ocean that can support higher trophic-level production and additional carbon export.

5,000 +0.10

+0.05

-0.10
Change in Chl a
(mg m3yr’)

Bathymetry
(m)

Fig 1: Regions of interest and changes in phytoplankton biomass. (A) The AO with its shelf seas and
basin. Subregions are bounded by black lines by using the 1000-m isobath and categorized as inflow
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(green), interior (orange), or outflow (purple) shelves. The 200-m isobath is shown in gray. Inflow and
outflow currents are depicted as green and purple arrows, respectively. (B) The rate of change in Chl a
(milligrams per cubic meter per year) between 1998 and 2018. Subregions are delineated by gray lines.

Black pixels indicate no data.
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Fig 2: AO time series trends. (A to C) Annual time series of AO (A) mean OW area, (B) mean Chl a, and
(C) NPP. Results from regression analysis for the entire (1998-2018), early (1998-2008), and recent
(2009-2018) parts of the time series are in black, red, and blue, respectively, with significant trends (P <

0.05) indicated by an asterisk.
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Doucet L S, Li Z X, El Dien H G, et al. Distinct formation history for deep-mantle domains
reflected in geochemical differences[J]. Nature geoscience, 2020, 13: 511-515.

FE: HAlsbER PR AT R by R 23 AT 1 S, JF HARA g
H R BT DL — AN KRBT DIGE X (LLSVP) SAEME. 4R1f, T LLSVPs 7E i H]_E 2
B L PRI 2 B A A BRAT T AR G5 R RO AR AR T AR AR B, TIORAAAE il FEIX I, FRATHERE T oK
FUX A LLSVPs 2 1 (119 55 R 32 0 S 1 1 Ak ol R 2 g (0 TS P e o7 2 300, d e
i 7RI A MR B R3S AN R 4 BRI R L 3R 4 . 7E Pangaea Kl (R T e AL
A R R, RS I B 7R R 0 B AR, TP PR AR R X PR
fIE o JXPhRH 02 R 1,25 1) 22 S S e 1 7 AN W 357 Rodiinia A1 Pangaea 8 A i € [ #1 17]
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ABSTRACT: The Earth’s mantle is currently divided into the African and Pacific domains,
separated by the circum-Pacific subduction girdle, and each domain features a large low shear-wave
velocity province (LLSVP) in the lower mantle. However, it remains controversial as to whether
the LLSVPs have been stationary through time or dynamic, changing in response to changes in
global subduction geometry. Here we compile radiogenic isotope data on plume-induced basalts
from ocean islands and oceanic plateaus above the two LLSVPs that show distinct lead, neodymium
and strontium isotopic compositions for the two mantle domains. The African domain shows
enrichment by subducted continental material during the assembly and breakup of the
supercontinent Pangaea, whereas no such feature is found in the Pacific domain. This deep-mantle
geochemical dichotomy reflects the different evolutionary histories of the two domains during the
Rodinia and Pangaea supercontinent cycles and thus supports a dynamic relationship between plate

tectonics and deep-mantle structures.
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Figure 1. Isotopic data of OIBs and OPBs derived from the deep source of the African and the Pacific
mantle domains. Isotopic compositions are back-calculated to initial compositions at the time of
crystallization for Kerguelen and Ontong Java oceanic plateaus. a,b, 2%°Pb/2**Pb versus 2%Pb/?*Pb. c.d,
206pb/204Ph versus 2V’Pb/2%*Pb. e,f, *Nd/'"*Nd versus 37Sr/*°Sr. The contour lines represent percentiles of
the kernel density estimation (see Methods). Also shown are the NHRL'® that defines the DUPAL
anomaly (above the NRHL), the prevalent mantle defined by Zindler and Hart*® (PREMA zgns6) and by
White'* (PREMAwss), enriched mantle 1 (EM1), enriched mantle 2 (EM2), high-p (HIMU) and the UCC

isotopic endmembers'®>. The grey fields shown in a and ¢ are mixing modelling results of

PREMAwi5+ UCC between 700 and 0 Ma.
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Figure 2. Configurations of the continental masses and African and Pacific mantle domains for the
present day, 200 Ma, 400 Ma and 600 Ma. a, Present-day configuration with positions of the two mantle
domains and their respective LLSVPs (orange for the African domain and blue for the Pacific domain)
and the circum-Pacific subduction girdle. b, Pangaea configuration at 200 Ma*°. ¢, Pangaea assembly
process at 400 Ma®. d, Rodinia break-up and Gondwana assembly at 600 Ma*. Note the contour shapes

of the LLSVPs in b are speculative and based on their present-day configuration. The maps are centred

on the Equator and 100th meridian, and each meridian is separated by 30°.
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Grappone, J. M., Biggin, A. J., Barrett, T. J., Hill, M. J., & Sprain, C. J. Comparison of thermal
and microwave paleointensity estimates in specimens displaying non -ideal behavior in Thellier -
style paleointensity experiments[J]. Journal of Geophysical Research: Solid Earth, 2020, 125.
doi:10.1029/2020JB019802

WE: A R v o R 1R AR A o B AT TR A A% b BR R P Lok P L B B 3, (HR 3R
SIS A AR R . AR SR AR R TR 0-5 Ma (XM 5 LM A R 1 Y 4y
Z—REEBR . BT NAE SOHT &5 FLII P I FL AN R A om B, 8 AN — R4S
Ry HZE 30%. IXPIHTFT AR I 95 B A IR REN L] ABREEAR S ) A Thellier 3
K9 A AR S R B R ZE R IR o BRI AR SOR) A 22 i A e 1) -2 B ANl - )
46 Thellier J7iRRIZRE KNS 79 ANFEG BT R IRYG, R HriB RN LA AT ML T % A
SO o AT IR REALHIE 2R WE T 1A R s e R A5 R 2 57 Ji4h, JRATTARI
M R 4G Thellier 181475 2 AR AR W RN 208 0, S BUN T8 9 B2 I &7 o Tl -2E ELSK
%A pTRM ke o AR RA o s EE, 1K B TARTHE R S ik i & TR AR, IX 3¢
£ 1 BRI 1960 Kilauea 1 H A o X L8R BLHAIE B LS A s A T RIS RN, TH#
pTRM i 46 AR A 23 AE UL RONE 1 77 2tk — 2 BRI 78 CRREAIOBO -

Jn

ABSTRACT : Determining the strength of the ancient geomagnetic field is vital to our
understanding of the core and geodynamo but obtaining reliable measurements of the paleointensity
is fraught with difficulties. Over a quarter of magnetic field strength estimates within the global
paleointensity database from 0-5 Ma come from Hawai‘i. Two previous studies on the SOH1 drill
core gave inconsistent, apparently method-dependent paleointensity estimates, with an average
difference of 30%. The paleointensity methods employed in the two studies differed both in
demagnetization mechanism (thermal or microwave radiation) and Thellier-style protocol
(perpendicular and Original Thellier protocols) - both variables that could cause the strong
differences in the estimates obtained. Paleointensity experiments have therefore been conducted on
79 specimens using the previously untested combinations of Thermal-Perpendicular and
Microwave-Original Thellier methods to analyze the effects of demagnetization mechanism and

protocol in isolation. We find that, individually, neither demagnetization mechanism nor protocol
14



entirely explains the differences in paleointensity estimates. Specifically, we found that non-ideal
multi-domain-like effects are enhanced using the Original Thellier protocol (independent of
demagnetization mechanism), often resulting in paleointensity overestimation. However, we also
find evidence, supporting recent findings from the 1960 Kilauea lava flow, that Microwave-
Perpendicular experiments performed without pTRM checks can produce underestimates of the
paleointensity due to unaccounted-for sample alteration at higher microwave powers. Together,
these findings support that the true paleointensities fall between the estimates previously published
and emphasize the need for future studies (thermal or microwave) to use protocols with both pTRM

checks and a means of detecting non-ideal grain effects.
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Figure 1. Testing the hypothesis that only demagnetization mechanism matters. Flow-level
paleointensity estimates are plotted against each other for different PI methods, separated by protocol.A:
Original Thellier data; B: perpendicular data. The mean PlIs listed are for the flows the methods have in

common. N is the number of data points, W and p are the statistics from the Wilcoxon signed rank test.
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Davies, C.J., Constable, C.G., 2020. Rapid geomagnetic changes inferred from Earth
observations and numerical simulations. Nat. Commun. 11, 3371,
http://dx.doi.org/10.1038/s41467-020-16888-0
FE: Wi 7 AR AL T RO BB RIS AR I B 25 R i i L Aol T
1° yr=" FIPGE R 7 AR . (ER IR B8 T MR 45 RAAFAE G, 3 FLBRATTX 1) P AR
AL ER A RZ B AR Z (B ) S8 RATIER Z T A A SCIRATTIE R T — R A AR A A LU A
12 100kyrs Rz WIS Y £ B i 77 [0 B2 AH PR W B2 RN 46 2 AP AE AR AP ) — Bk . G2
TEHDREIA SR B I TR B, SRR 7 AR A 3 7710° yr—', LT RELA i 2
AR 100 A o 0P RLALLAN—AN 7 B R RIS AL PR PR AR T3 A S s, W PR 7 ) AR A R M 3
T ) B ) 3 B A Bl 5% o JRATT A 235 SRAIE S DR F) 7 1] AR A 2 A IR A2 AT LRSS Y FR ) B L )
A FEH, AN PRIE IR 37 77 18) B A AT 9 B 12 B SV EAIR A FE b IX

ABSTRACT : Extreme variations in the direction of Earth’s magnetic field contain important
information regarding the operation of the geodynamo. Paleomagnetic studies have reported rapid
directional changes reaching 1° yr™!, although the observations are controversial and their relation to
physical processes in Earth’s core unknown. Here we show excellent agreement between amplitudes and
latitude ranges of extreme directional changes in a suite of geodynamo simulations and a recent
observational field model spanning the past 100 kyrs. Remarkably, maximum rates of directional change
reach ~10° yr !, typically during times of decreasing field strength, almost 100 times faster than current
changes. Detailed analysis of the simulations and a simple analogue model indicate that extreme
directional changes are associated with movement of reversed flux across the core surface. Our results
demonstrate that such rapid variations are compatible with the physics of the dynamo process and suggest

that future searches for rapid directional changes should focus on low latitudes.

16


http://dx.doi.org/10.1038/s41467-020-16888-0

Non-reversing simulation

4.94
3.8
292
225
1.78
1.33
1.02
8e-01

6e-01
5e-01

3.63
293
237
1.91
1.54
1.25

27
1.67
1.03
6e-01
4e-01
2e-01
1e-01
9e-02
6e-02
3e-02

Py loteyr)

Pyt yr)

Py lot(Cyr)

41 4p (°)

aPylot (e yr)

‘wn i-D ©)

1‘!5,.,/1‘1( yr)

2y ap (%)

Py loteyr)

—49 -47 45 -43 —41

Rm = 386

—

425 427 429 431 433 435 437 439 441 443 44
Time t (kyrs)

543 545 547 549 551 553 555 557 559 561 563

Time t (kyrs)

1

-39 -37 -35
Time t (kyrs)

-33 -31 -29

CoosamPwWwW on

R = = 35

[ I B

CO=—NNWW OO
o

o

B (uT)

B/ot(eyr)

(]

B (uT)

Blateyr')

-

B (uT)

Blateyr')

Fig 1: Rapid directional changes in two geodynamo simulations and GGF100k. Shown are a non-

reversing simulation with magnetic Reynolds number Rm =386 (a,d), a reversing simulation

with Rm =450 (b, e) and the observational field model GGF100k (¢, f). Left column shows Mollweide

projections at Earth's surface of the largest change in VGP position, OPy/ét, as a function of location

in °yr'. Red stars show the location of (0P, /0t)ex on each plot. Note the different colour scales and that

values at each location may not have occurred at the same point in time. Right-hand panels show

directional data at the locations of (OP,/0t)ex over a 20 kyr period with the extreme event at the midpoint.

Here the top row of each panel shows the latitude 4y of 6Py, (purple), the dipole latitude Ap (black), and

the field strength B (red); the bottom row shows 0P, /ot (purple) and the rate of change of the field

vector OBy,/0t (blue). Simulations have been run for 232 kyrs for Rm = 386 and 415 yrs for Rm = 450.
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Hua Y, Zhao D, Xu Y, et al. Age of the Subducting Philippine Sea Slab and Mechanism of Low-
Frequency Earthquakes[J]. Geophysical Research Letters, 2018, 45(5): 2303-2310.

FE: KNSR (LFEs) 2Lk 2 W B 35, 385 K AR X 14
BB R AT, A I AT RE R R SR 2 L 72 A AT IR « SRTMT, LFEs A= AL A+ 705 2 .
ASCAGTE T R AR i e A B R S, R BCE A RS S H AT B LFE 70415
PIMI2%. £ Kii channel L 4#7E LFE [8]ir. FATIN, X—[alWre d 24 KR AIE R G
B, ARERFERPRRER . &R AR, BB EEER . SRR AR
FEWEARE T 5 I BRI, B TS5 SR LFEs MM LB A 3l 124 18R
ABSTRACT: Nonvolcanic low-frequency earthquakes (LFEs) have been widely observed in recent
years, which usually occur in young and warm subduction zones in the circum-Pacific regions and
sometimes may become precursors of large megathrust earthquakes. However, the generating
mechanism of the LFEs is still not very clear. In this study we estimate the lithosphere age of the
subducting Philippine Sea slab and find a close relationship between the slab age and the LFE
distribution in SW Japan. An LFE gap exists at the Kii channel. We think that the gap is caused by
joint effects of several factors, including the youngest slab age, high temperature, low fluid content,
high permeability of the overlying plate, a slab tear, and hot upwelling flow below the Philippine
Sea slab. The present results shed new light on the generating mechanism of the LFEs and

subduction dynamics.
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Figure 1. The colors show the estimated oceanic lithosphere ages of the subducting Philippine Sea (PHS)

slab, whose scale is shown at the bottom. The white dashed line denotes the 30 km depth contour of the
upper boundary of the PHS slab. The red dots denote nonvolcanic low-frequency earthquakes recorded
by the seismic network (Hi-net) during 2002 to 2016 (Japan Meteorological Agency:
http://www.jma.go.jp). The thin black dashed lines show the contours of the lithosphere age. The black
lines show the plate boundaries. The red triangles denote active volcanoes. The blue contour lines denote
the coseismic slip areas of the 1944 M w 8.1 Tonankai (yellow star) and the 1946 M w 8.3 Nankai (blue
star) megathrust earthquakes (Sagiya & Thatcher, 1999). The red contour lines denote the coseismic slip
area of the 1968 M w 7.5 Hyuganada megathrust earthquake (red star) (Yagi et al., 1998). The beach
balls with different colors show focal mechanism solutions of the three large megathrust earthquakes
determined by Kanamori (1972) and Yagi et al. (1998). The black stars denote epicenters of megathrust
earthquakes (M > 7.0) that occurred during 1900 to 2013.
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Figure 2. A schematic model showing the cause of the LFE (low-frequency microearthquake) gap. The
red stars denote the LFEs. The thick black dashed line denotes a possible slab tear associated with the
fossil Shikoku spreading ridge. See the text for details.
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Ramos PV, Inda AV, Vidal Barron, et al. Color in subtropical brazilian soils as determined with
a Munsell chart and by diffuse reflectance spectroscopy/J]. CATENA, 2020, 193:104609.
FE: LIRS RAE T HCRIENARER, JERe LT 4038 ARG A 5 3
IR REM E LR, T H AT G (DRS) IXFE B B AL T &R 15 5 hIkG
ffo FEATUE TR, JRATR SR ERREANE SO HEE Pl E i il . () L0 S
ZHOHAT R GRS DRS W E R AT 0 B A T 2 o) L D0 R L B 2 (RS) HOAS L
BEHOE . [FR, @i DRS £l ol A A E LT B S V0 3B A [FRERDT ORI +EHERDT) ]
[Hm/(Hm+Gt)]. ARIGIZLELAE, AT LR L3RI 8850 B [Hm/(Hm+Gt) <25%], £H8k0-
IR B [25<Hm/(Hm+Gt)<50%)], 7R84 -5 260 Y [S0<Hm/(Hm+Gt)<75%] LA S 7R kA Y
[Hm/(Hm+Gt)>25%]. PIAITVENAR RIEIOSHUFEZE R, 0 520K B REAE AL m il IR
fii DRS MELE R T [Hm/(Hm+Go)LWE, ATk i B bs 135 = 2R kY
ABSTRACT: The color of soils provides useful information about their origin and allows their
classification. Soil color has traditionally been determined with a Munsell chart; lately, however,
alternative techniques such as diffuse reflectance spectroscopy (DRS) have enabled more accurate
quantification. In this work, we determined the color parameters hue, value, chroma and reddening
index using a Munsell chart and a DRS instrument for comparison. The data obtained from the DRS
measurements were used to develop an accurate soil color map for the Rio Grande do Sul state in
Brazil (RS). DRS data were also used for removable continuum calculations to determine the
[hematite/(hematite + goethite)] ratio [Hm/(Hm + Gt)] of Brazilian soils. Based on suchratio, the
soils were classified as goethitic [Hm/(Hm + Gt) < 25%], goethitic—-hematitic [25 < Hm/(Hm + Gt)
< 50%], hematitic—goethitic [50 < Hm/(Hm + Gt) < 75%] or hematitic [Hm/(Hm + Gt) > 25%].
Color parameters differed between the two measurement methods, with the Munsell chart often
overestimating or underestimating the DRS results. Based on the [Hm/(Hm + Gt)] ratio, the target

soils were mainly goethitic.
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Fig. 2 Hm/(Hm + Gt) ratio for the soils as determined from DRS data. No ratio was assigned to

the white polygons.
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Oster G L, Weisman 1 E, Sharp W D et al. Multi-proxy stalagmite records from northern California
reveal dynamic patterns of regional hydroclimate over the last glacial cyclelJ].Quaternary
science reviews,2020,241,106411

https://doi.org/10.1016/j.quascirev.2020.106411

WE . S RN S IR A 2 SN (7K WS YR AR EE L, (L AAT T TR £ e 7K B 2 st 38 DA iy
S WAL AN 2 b o ARSCEIL T —ASB R BN AR JE VM D 1 5508 2R (LSC),  PIAR
[ A 1 2 e hn AUkl sk, ZIdsfEs TN MIS 3 2] H1 B Bt (~35,000 - 14,000 years
BP). LSC 7T 3 [ Pt AL A0 7h g b X 2 [a) ARk Py, X AN X 7 B O BRARRA o
ARSI ZR A [FI .. LSC A A RS E [F A7 R A B T 348 An R ], 23X 7E D-O Jig
(517 5 (18 DI 1) (PR 39 ) e A 25 A, AL T4 X1 i s AL R 2 i i 3, (R 5 P R
PIRIE A S . 5 AGER e 7= L kR B LBk AE AL, LSC FEAR IR VKIATE T4 2R
i, ZFIEbRRIAE HL BRI PR RIS N, X 5 RN PE p i X S5l [RIE, LSC Hidsk
WERA 7 A A B AR E M, JE U T 36 [ E S R KON A 3R AR AR AL I s B 11 2 2 e
FERTEAR 8180 5 §13C IR T HR M ARk, BRI, R A S5 5 014,
ESR H R PE R BT L S s A, DAR/KESGINORFAE I 1], an HT 5300, A
Boe R 35 0 0 5 5k B AE AP KPR IS 58 A K

ABSTRACT: Despite its importance for California’s water resources, little is known about how
precipitation has varied in far northern California beyond the historical record. We present a new,
multi-proxy paleoclimate record derived from two coeval stalagmites from Lake Shasta Caverns
(LSC), California that covers the end of Marine Isotope Stage 3 through Heinrich Stadial 1 (~35,000
to 14,000 years BP). At 40.8N, LSC is situated within the transition zone between regions in the
northwestern and southwestern United States that demonstrate different precipitation responses to
both modern and paleoclimatic drivers. Stable isotope and trace element proxies from LSC
stalagmites indicate the region experienced wet conditions during interstadials (warm periods)
associated with Dansgaard-Oeschger cycles, similar to proxy records from southern Oregon and the
northern Great Basin, but in contrast to records from the desert southwest. Similar to the northern
Cascades and Rocky Mountains, LSC was drier during the Last Glacial Maximum. However,
proxies indicate increased rainfall throughout Heinrich Stadial 1, similar to the Great Basin and
southwest. Thus, the LSC record demonstrates the non-stationarity of the transition zone location
and illustrates a complex pattern of precipitation response to global climate change in the western

United States. Covariation of speleothem 8'20, an indicator of moisture source, with 3'3C and trace
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elements, indicators of moisture amount, suggest a higher proportion of Central Pacific precipitation
during the Last Glacial Maximum, despite the enhanced aridity. In contrast, periods characterized
by increased precipitation amounts, such as early Heinrich 1, are associated with enhanced moisture

from the Northern Pacific.
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Figure 1.Location of LSC (star). Background map shows western U.S. geographic regions 1. Pacific
Border; 2. Cascade-Sierra Mountains; 3. Columbia Plateau; 4. Great Basin; 5. Desert Southwest; 6.
Colorado Plateau; 7. Rocky Mountains; 8. Great Plains. Light blue circles show location of proxy records
discussed in the text: 1. LC= Summer Lake/Lake Chewaucan (Zic et al., 2002; Hudson et al., 2019); LS
= Lake Surprise (Ibarra et al., 2014; Egger et al., 2018); MGD = Mojave groundwater deposits (Springer
etal., 2015); KL= Klamath Lake (Bradbury et al., 2004); LE = Lake Elsinore (Feakins et al., 2019); COB
= Cave of the Bells (Wagner et al., 2010); FS =Fort Stanton Cave (Asmerom et al., 2010, 2017); ML =
McLean’s Cave (Oster et al., 2015b). White dashed lines mark the approximate location of the transition
zone in the precipitation dipole of (Wise, 2010), characterized by positive (northern) and negative
(southern) correlations between modern winter precipitation and the Southern Oscillation Index. B)
Geologic map of Lake Shasta area (LSC shown by star) (Fraticelli et al., 2012).
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Figure 2. From top to bottom: Lake Surprise, CA lake level elevation, circles: U-series ages uncertainties
(Ibarra et al., 2014), triangles '“C ages (Egger et al., 2018; Ibarra et al., 2014) all uncertainties 2s; LSC
3'80 for LSC3 (red) and LSC2 (black); LSC §'*C for LSC3 (blue) and LSC2 (purple), U-series ages and
2s uncertainties for LSC stalagmites are shown above the §'°C curves; McLean’s Cave §'*C (Oster et al.,
2015b); Lake Elsinore leaf wax 6D (Feakins et al., 2019); Ages and 2 s uncertainties for Mojave
groundwater deposits (black) (Springer et al., 2015); Fort Stanton Cave 8'30 (green) (Asmerom et al.,
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2010); and NGRIP Greenland Ice Core 8'%0 (black) (Svensson et al., 2008). D-O interstadials are
numbered for NGRIP and Fort Stanton according to original publications. Heinrich Events are noted as
in Fig. 5. Pink bars highlight the duration of aridisol/erosion events in the Mojave Desert (Springer
et al., 2015). (For interpretation of the references to color in this figure legend, the reader is referred to
the Web version of this article.)
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Figure 3. Spatial comparison of hydrologic conditions during (A) D-O interstadials of MIS3; (B) the
LGM; (C) HS1a (18,000-16,300 yrs BP); and (D) HS1b (16,300-15,000 yrs BP).Symbol color: wet (blue);
dry (red); no change relative to the reference period (white), and unclear (black). For (A), hydroclimate
response is assessed relative to mean MIS3 proxy values. The LGM proxy network (B), from Oster and
Ibarra (2019), is assessed relative to the modern, or the Holocene for speleothem records (diamonds) that
do not extend to the present. For speleothem records in (C) and (D), hydroclimate is assessed relative to
the LGM. Proxies that directly assess water balance are given priority over 3'%0, when available. For
lake records (inverted triangles) an assessment of “wet” is given if the lake level was at its highstand or
has been shown to have been rising during intervals (B), (C), and (D). For (A), lake record assessments
are based on proxy evidence. Background maps show geographic regions as given in Fig. 1A. Records
with bold, black outlines are shown on Fig. 1A. Proxy records included in (A), (C), and (D) are listed in
Table S2. (For interpretation of the references to color in this figure legend, the reader is referred to the

Web version of this article.)
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Zeng Z, Pike M, Tice M M, et al. Iron fertilization of primary productivity by volcanic ash in the

Late Cretaceous (Cenomanian) Western Interior Seaway[J]. Geology, 2018, 46(10).
https://doi.org/10.1130/G45304.1

WE: KILKEH 1%-10%H FeO, nIAEZMEERIN Fe FEETTIRE . /L%, KILKH
BRI N AT R AR T IR BT otk e ASCH x STERTEOGIE R 1 36 AR e = M Ik
L AR FRJEE A5 BRI K L AR T AR AN S Bk LA HoAth 55 2R A 7 0 R e e 3R Z A R A 5%
o KAEMIUEREGELERBROTUARS. HEES, WUBRRIC I 78 8N (H S
BIbE, BEREEI). A, KRG FRACERE T, A LR S B2 . R
ST, BRI AL FE YN 2 JE TV R G AR N B IE IR, (it TR R R U TR .

ABSTRACT: Volcanic ash contains 1%-10% FeO by weight and can be a significant contributor

of Fe to the surface ocean. Fe fertilization by volcanic ash may have contributed to marine
productivity in the past. A continuous core containing ash beds from the Eagle Ford Group (Texas,
USA) was scanned by X-ray fluorescence spectroscopy to test for correlations between ash
deposition and burial of Fe and other trace elements associated with biological productivity. Beds
composed of mixed ash and shale contain much more Fe and Mo than inter- bedded black shales,
implying that Fe fertilization promoted euxinia (elevated Mo and lower Cr). Moreover,
foraminiferal assemblages were significantly depleted in deeper-water taxa following ash deposi-
tion. We conclude that Fe-bearing volcanic ash fertilized the southern Cenomanian Western Interior

Seaway and promoted deposition of abundant black shales under anoxic conditions.
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Figurel: Ash beds and elemental abundances in the Eagle Ford Group (Texas, USA). A: An abrupt
decrease in Mo abundance distinguishes the Lower Eagle Ford Group (LEF) from the Buda Formation
and the Upper Eagle Ford Group (UEF). Visually identified ash beds are located in the LEF and UEF. B:
High-resolution (uXRF scan) compositional variation in ash beds and associated rocks from the LEF
(right panel). False-color image in center of figure shows relative fluorescence intensities of Fe (red), S

(green), and Ca (blue).
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Livermore P W, Finlay C C, Bayliff M 2020. Recent north magnetic pole acceleration towards
Siberia caused by flux lobe elongation. Nature Geoscience [J], 13: 387-391.
https://doi.org/10.1038/s41561-020-0570-9

WE: KWLk, AM1— B ER BRIk, IR BN T A E. B 1831
SR IRAE NN RAC AR b DX 3R AT S I & AR, 1Al s s AN BT ) 1] PEAR R TSRS, £ 1990 4F
£ 2005 2 (B LT IR E 0-15 km/yr ELEH AT 50-60 km/yr. 2017 4= 10 H ], A6#E
W [ r H AR 2, 2 AR 390 A UL, HAETIELER S AR,
eI £ A, ARREAR A AL B AR AR KRR I T I S R P AR R T %8 i 5t
AN KH UGS B A . BRLE R, NS KL IE B A T REZ T 1970 4E 2 1999 42 [H] Y
HAZ IR AR AR T AR, AT ROK IS T HAE M ERZ H bR EVEVE T, 3 SOREAR 34 1) P 4
FEFI R B o il ARAZ R A — R 5 T AR T e 1), 6 R SR 4ol ALREARCRE 4k B H 2 BT LI
If) PG AE AL 34732 390-660 22 HL.

ABSTRACT: The wandering of Earth’s north magnetic pole, the location where the magnetic field
points vertically downwards, has long been a topic of scientific fascination. Since the first in situ
measurements in 1831 of its location in the Canadian arctic, the pole has drifted inexorably towards
Siberia, accelerating between 1990 and 2005 from its historic speed of 0—15 km yr! to its present
speed of 50-60 km yr!. In late October 2017 the north magnetic pole crossed the international date
line, passing within 390 km of the geographic pole, and is now moving southwards. Here we show
that over the last two decades the position of the north magnetic pole has been largely determined
by two large-scale lobes of negative magnetic flux on the core—mantle boundary under Canada and
Siberia. Localized modelling shows that elongation of the Canadian lobe, probably caused by an
alteration in the pattern of core flow between 1970 and 1999, substantially weakened its signature
on Earth’s surface, causing the pole to accelerate towards Siberia. A range of simple models that
capture this process indicate that over the next decade the north magnetic pole will continue on its

current trajectory, travelling a further 390-660 km towards Siberia.
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Fig. 1 | A comparison of the structure of the geomagnetic field and the north magnetic pole position in
orthographic projection between 2019 and 1999. a,d, Contours of the radial field on Earth’ s surface
overlaid with contours of H in turquoise (values 2, 4, 6, 8 uT) and the north magnetic pole as a red star
with a dotted tail showing the path 1840-1999, solid tail 1999-2019. b,e, As a,d but truncated to
spherical-harmonic degree 6. c,f, Structure of the geomagnetic field to degree 6 on the CMB, shown by
contours of radial field overlaid with contours of H in turquoise (values 50, 100 uT). In each panel lines
of constant latitude and longitude are marked every 30<
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Fig. 2 | Local core surface dynamics around the Canadian flux lobe in stereographic projection. a—c,
Contours of the radial magnetic field, the north magnetic pole position and path since 1840, flow
streamlines with arrows and the wedge within which flux lobe elongation occurs in 1970 (a), 1999 (b)
and 2017 (c). The 1970 magnetic field and flow data are from COV-OBS.x1 and the ensemble mean
flow of refs. 19,21; those from 1999 are from CHAOS-6-x8 and the ensemble mean flow of refs. 19,21;
those from 2017 are from CHAOS-6-x8 and the ensemble mean of refs. 20,21. The inner-core tangent
cylinder is marked in gold at about 69 °N. In each panel lines of constant latitude are marked every 5<
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Bajo P, Borsato A, Drysdale R, et al. Stalagmite carbon isotopes and dead carbon proportion (DCP) in

a near-closed-system situation: An interplay between sulphuric and carbonic acid dissolution/J].
Geochimica et Cosmochimica Acta, 2017, 210: 208-227.
https://doi.org/10.1016/j.gca.2017.04.038
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ABSTRACT: In this study, the ‘dead carbon proportion’ (DCP) calculated from combined U-Th
and radiocarbon analyses was used to explore the carbon isotope systematics in Corchia Cave
(Italy) speleothems, using the example of stalagmite CC26 which grew during the last ~12 ka. The
DCP values in CC26 are among the highest ever recorded in a stalagmite, spanning the range 44.8—
68.8%. A combination of almost closed-system conditions and sulphuric acid dissolution (SAD) are
proposed as major drivers in producing such a high DCP with minor contribution from old organic
matter from the deep vadose zone. The long-term decrease in both DCP and §'3C most likely
reflects post-glacial soil recovery above the cave, with a progressive increase of soil
CO; contribution to the total dissolved inorganic carbon (DIC). Pronounced millennial-scale shifts
in DCP and relatively small coeval but antipathetic changes in 8'3C are modulated by the effects of
hydrological variability on open and closed-system dissolution, SAD and prior calcite precipitation.
Hence, the DCP in Corchia Cave speleothems represents an additional proxy for rainfall amount.
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Figure 1. DCP vs §'3C time series in CC26. Both DCP and §'*C are high, suggesting an important
contribution of C sourced from the host-rock. Dashed lines present second order polynomial fit in DCP
and 8'3C covering the time period from 11.3 to 0.6 ka. Mg/Ca data are from Regattieri et al., 2014.
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