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Yamamoto A, Hajima T, Yamazaki D. Competing and accelerating effects of anthropogenic
nutrient inputs on climate-driven changes in ocean carbon and oxygen cycles [J] Science
Advances, 2022, 8(26), eabl9207.

https://www.science.org/doi/abs/10.1126/sciadv.abl9207
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ABSTRACT: Nutrient inputs from the atmosphere and rivers to the ocean are increased
substantially by human activities. However, the effects of increased nutrient inputs are not included
in the widely used CMIP5 Earth system models, which introduce bias into model simulations of
ocean biogeochemistry. Here, using historical simulations by an Earth system model with perturbed
atmospheric and riverine nutrient inputs, we show that the contribution of anthropogenic nutrient
inputs to past global changes in ocean biogeochemistry is of similar magnitude to the effect of
climate change. Anthropogenic nutrient inputs increase oceanic productivity and carbon uptake,
offsetting climate-induced decrease and accelerating climate-driven deoxygenation in the upper
ocean. Moreover, accounting for anthropogenic nutrient inputs improves the known carbon budget
imbalance and model underestimation of the observed decrease in the global oxygen inventory.
Considering the effects of both nutrient inputs and climate change is crucial in assessing

anthropogenic impacts on ocean biogeochemistry.



>
w
[a]

—— AO2 AO2
' g (open ocean) (coastal ocean)
£ -0 5 Al ~1.76 I -5.4 I
© =5
£ o Nutrients -0.8 H 4.3 _
ESGE H Fe dep. -0.02 -0.002 |
~ 25k —All m Observation a [ —Al N dep. -0.48 N 21
Q 5[ —clmate mcmps 2 “2[ — Climate 1 i 020 B D
-35F — Nutrients = CMIP6 < 3 — Nutrients B X =
g 2D i i SO IR Gl w g Climate 095 — -t l
1860 1880 1900 1920 1940 1960 1980 2000 1860 1880 1900 1920 1940 1960 1980 2000 -2 -1 0 -10 ) 0
Year Year (mmol m™) (mmol m™)
D " F ;
AO2 (Climate) (mmol m-) AO; (Nutrients) (mmol m~)

AO2 (All) (mmol m-?)

90°'N

60N

15 15 P 75
10 10 aoNd 5
5 5 25
0 0 04 0
i 5 L Y 25
/ -10 t-10 304 L =3
. N/ 15 > 15 75

% - » & - . 60'S4 3
s S —— " e . o
o 3 = -25 —tt - 25 © ¥ 125

90's T T T T T T T T T T T 90°S T T T T T
0 60°'E 120°E 180 120'W 60'W 0 B0°E 120'E 180 120'W 60'W 0 0 60°'E 120°E 180 120'W 60'W

Figure 1. Dissolved oxygen changes. (A) Time series of changes in dissolved oxygen concentration
in the upper 1000 m for all, climate, and anthropogenic nutrient effects. Values are anomalies
relative to 1970. Observed change from 1970 to 2010 is shown as black square. Historical trends in
CMIP5 (1970-2005) and CMIP6 (1970-2010) models are shown as blue and orange squares,
respectively. (B) Same as (A) but for the volume of the hypoxic waters. (C) Changes in dissolved
oxygen for open (left) and coastal (right) ocean. (D to F) The distributions of changes in dissolved
oxygen from 1970 to 2010. The contributions of all effects (D), climate (E), and nutrients (F) were
calculated. Stippling indicates the areas in which the nutrient effect is greater than the climate effect.

The color scale of (D) and (E) is different from that of (F) by a factor of 2.
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Li W, Chen Y, Yuan X H, et al. Intracontinental deformation of the Tianshan Orogen in response
to India-Asia collision [J] Nature Communications, 2022, 13, 3738.

https://doi.org/10.1038/s41467-022-30795-6
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ABSTRACT: How the continental lithosphere deforms far away from plate boundaries has been long
debated. The Tianshan is a type-example of ongoing lithospheric deformation in an intracontinental
setting. It formed during the Paleozoic accretion of the Altaids and was rejuvenated in the Cenozoic,
which might be a far-field response to the India-Asia collision. Here we present seismic images of the
lithosphere across the central Tianshan, which were constructed from receiver functions and Rayleigh
wave dispersions along a N—S-trending linear seismic array. We observe an extensively deformed
lithosphere in the Tianshan with inherited, structurally controlled brittle deformation in the shallow crust
and plastic deformation near the Moho. We find that earlier multiple accretionary structures were
preserved in the crust, which was deformed by pure-shear shortening in the south and thick-skinned
tectonics in the north but was limitedly underthrusted by surrounding blocks. A balanced cross-section
of Moho discontinuities supports the concept that intracontinental deformation in the Tianshan intensified

synchronously with the direct contact between the underthrusting Indian slab and the Tarim Craton in the



Late Miocene (~10 Ma). These findings provide a robust and unified seismic model for the Tianshan
Orogen, and confirm that effective delivery of the India-Asia collision stress induced the rejuvenation of

this intracontinental orogen.
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Figure 1. Tectonic setting of the Tianshan and data coverage of the seismic cross-section. a Tectonic
map with strain rates inverted from GPS observations. Squares denote seismic stations used in this
study from the Middle AsiaN Active Source project (MANAS) and other networks (KR and XW).
Green and blue circles show earthquakes at shallow65 (<70 km) and intermediate66,67 (70 - 300
km) depths. The purple points with numbers denote the onset of rapid cooling derived from
thermochronological studies. The present-day northern front of the Indian slab, including the
marginal Indian slab beneath the Hindu Kush and the cratonic Indian slab beneath the Pamir Plateau
and the western Tibetan Plateau are together constrained by the interpretations of the previous
receiver function profiles (A: Zhao et al.31, B: Rai et al.30, C: Kumar et al.29, D: Xu et al.33, E:

Schneider et al.32). Sutures in the Altaids and the Tethyan tectonic domain are marked with light
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blue and purple lines, respectively, and major faults are in black lines (Central Asia Fault Database
68). AIF Atbashy-Inylchek Fault, IKA Issyk Kul Arc, NA Naryn Arc, NL Nikolaev Line, NTF
North Tarim Fault, KTB Kepingtag Thrust Belt, STAC South Tianshan Accretionary Complex, TFF
Talas-Ferghana Fault. b Stations and piercing points of the Ps phases at a depth of 60 km along the
crosssection are indicated by solid lines with 50-km scale marks. Numbers denote fault slip rates.
Sample stations GOLB, KARD, BESM, and SOUR are highlighted by yellow frames, for which

inversions are shown in the supplement. ¢ Distribution of events used in this study.
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Figure 2. Interpreted seismic images and balanced cross-sections across the central Tianshan. a
Strain rates37 and GPS velocities70 along the cross-section. The bold black line and gray-filled area
indicate the averaged strain rates and corresponding standard deviations within a 1.0-degree width
corridor centered by the cross-section. The individual GPS observations within the corridor are
projected onto the cross-section as blue squares for eastward components and red squares for
northward components. b Schematic geological cross-section across the Tianshan showing major
tectonic units (modified after Xiao et al.4) and the slip rates of main faults28,69. Triangles represent
stations used in this study, and red ones with marks indicate four stations chosen as examples
showing the joint inversion in Supplementary Figs. 4 and 5. AIF Atbashy-Inylchek Fault, IKA Issyk
Kul Arc, NA Naryn Arc, NL Nikolaev Line, NTF North Tarim Fault, STAC South Tianshan
Accretionary Complex. ¢, d The CCP stacking image with a Gaussian coefficient of 2.0 and the VS
model were obtained from joint inversion in this study. These are plotted with interpreted faults
(solid lines), Conrad (dashed thin lines) and Moho (dashed thick lines) discontinuities. Gray circles
denote earthquakes located within a 50-km width corridor centered by the cross-section65. e
Estimates of N-S shortening in the Tianshan based on the balanced cross-sections of the Moho

length and crustal thickening.
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Roud S C, Gilder A A, Park S. Greigite (FesSy) formation in artificial sediments via solid-state
transformation of lepidocrocite [J] Geochemistry, Geophysics, Geosystems, 2022,
e2022GC010376.

https://doi.org/10.1029/2022GC010376
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ABSTRACT: Greigite (FesSs) is a ferrimagnetic iron-sulfide mineral that forms in sediments
during diagenesis. Greigite growth can occur diachronously within a stratigraphic profile,
complicating or overprinting environmental and paleomagnetic records. An important objective for
paleo- and rock-magnetic studies is to identify the presence of greigite and to discern its formation
conditions. Greigite detection remains, however, challenging and its magnetic properties obscure

due to the lack of pure, stable material of well-defined grain size. To overcome these limitations,
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we report a new method to selectively transform lepidocrocite to greigite via the intermediate phase
mackinawite (FeS). In-situ magnetic characterization was performed on discrete samples with
different sediment substrates. Susceptibility and chemical remanent magnetization increased
proportionally over time, defining two distinct greigite growth regimes. Temperature dependent and
constant initial growth rates indicate a solid-state FeS to greigite transformation with an activation
energy of 78-90 kJ/mol. Low and room temperature magnetic remanence and coercivity ratios
match with calculated mixing curves for superparamagnetic (SP) and single domain (SD) greigite
and suggest ~25% and ~50% SD proportions at 300 K and 100 K, respectively. The trend coincides
with empirical data reported for natural greigite-bearing sediments, suggesting a common SP
endmember size of 5-10 nm that is likely inherited from mackinawite crystallites. The average
particle size of 20-50 nm determined by X-ray powder diffraction and electron microscopy accords
with theoretical predictions of the SP/SD threshold size in greigite. The method constitutes a novel

approach to synthesize greigite and to investigate its formation in sediments.
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Figure 1. Starting material and transformation products. (a) XRD data and (b) SEM images of the
starting material y— FeOOH (0), the intermediate product (Step 1) and the final product (Step I1).
The XRD pattern of the starting material indicates that lepidocrocite (1) is the main phase along with
trace amounts of goethite (go). The XRD pattern for the sample from Step Il has reflections

indicative of greigite (gr) and mackinawite (m) as the main phases.
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Figure 2. Greigite growth and grain size characterization. (a) Low-frequency magnetic
susceptibility «if against aging time (t, in hours). Measurements during the experiment (gray and
open symbols) were performed on samples close to 70<C; the initial and final data points (blue)
were measured at room temperature. (b) Mean and standard deviation (n = 4) of normalized «
curves with average susceptibility growth rates diii/dt. (c) Natural remanent magnetization, NRM
against aging time (t, in hours). (d) NRM against ks demonstrating a linear correlation (R? = 1.00)
among sand and silt samples. A magnetic field of 100 uT was applied in all cases. Diamonds and

squares represent sand (#100-03 and -04) and silt samples (#100-10 and -11), respectively.
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Cheng Y, Wu Z, Zhang J, et al. Cenozoic tectonic evolution of offshore Chinese Basins and its
response to geodynamic processes of the East Asian Continental Margin [J] Earth-Science
Reviews, 2022.

https://doi.org/10.1016/j.earscirev.2022.104140
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ABSTRACT: The offshore Chinese basins are located in the transition zone from the East Asia to
the Western Pacific plate. The Cenozoic evolution of these basins reflects the geodynamic processes
in East Asia. However, the coupling of the evolution of the offshore Chinese basins to the
geodynamic processes occurring in the East Asian continental margin is still poorly understood.
Here, the rifting processes of the offshore Chinese basins and the relationship between the basin

evolution and the geodynamic processes of the East Asia Plate were analyzed using seismic data,
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fault activity, syn-sedimentary fault maps, and isopach maps. In the Offshore Bohai Bay Basin, the
regional extension and local shearing occurred simultaneously. Accordingly, the regional NNW-
SSE extension and local NNE-strike-slip shearing resulted in the NNE-striking graben-horst
structure in the Liaodong Bay area while the NW-striking extensional faults and NNE-striking
transtensional faults jointly control the structure of the Bozhong area. In addition, the NNE-striking
branches of the Tan-Iu Fault Zone led to the pull-apart structure in the Bonan area, and the NW-
striking normal faults governed the half-graben structure in the Boxi area. Two stages of eastward
movement of the rifting center in the East China Sea Basin were triggered by a change in the
direction of subduction of the Pacific plate at ~43 Ma, and subduction of the Philippine Sea plate at
~20 Ma, respectively. In the South China Sea (SCS), Paleocene to E. Eocene initial extension
occurred in the present northern and southern marginal basins of the SCS. Subsequently, the Ailao
Shan Red River shear zone (ASRRSZ) traversed the eastern margin of the Indochina block, and
pull-apart rifting dominated in the basins along this fault. Combined with the southward slab pull
of proto-SCS and the strike-slip movement of ASRRSZ, sea floor spreading occurred, and the

southern marginal basins drifted southerly and apart from the South China from 33 to 16 Ma.
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Figure 1. Map showing the regional tectonic framework of East and Southeast Asia, and locations of

the Offshore Chinese basins.
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Figure 2. Structural model in the South China Sea showing the relationship between the structure of
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LiJY Liu BQ Mao J Y X X Climatological intraseasonal oscillation in the middle—upper
troposphere and its effect on the northward migration of the East Asian westerly jet and rain belt
over eastern China [J] International Journal of Climatology, 2021, 41, 5084—-5099.

https://doi.org/10.1002/joc. 7118
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ABSTRACT: Using daily atmospheric circulation data for 1981-2010, we identify the
climatological intraseasonal oscillation (CISO) in the mid-upper troposphere and reveal its critical
role in anchoring the Meiyu season to the period from mid-June to mid-July and the rainfall episode
of northeastern China to begin in late July. Wavelet analysis shows a significant 20-90-day period
in the climatological 200- and 500-hPa zonal winds during boreal summer, indicating the existence
of the zonal wind CISO in the mid—upper troposphere. The leading mode of zonal wind CISO

features a dipole pattern along the coast of East Asia controlled by convection over the southeastern
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China-western North Pacific (SC-WNP). In mid-June, suppressed convection over the SC-WNP
induces the negative phase of intraseasonal Pacific—Japan pattern, leading to the strong anticyclone
with a poleward tilt with height to dominate over the WNP. Consequently, more moisture are
transported to the middle and lower reaches of the Yangtze River Valley (YRV), and the mid-
tropospheric (upper-tropospheric) East Asian westerly jet (EAWJ) is shifted north of 32°N (36°N),
which further increases the YRV rainfall through enhancing warm advection and upper-tropospheric
divergence, thus facilitating the initiation of Meiyu season. In mid-July, active convection occupies
the SC-WNP instead, with the reversed circulation pattern terminating the Meiyu season. In late
July, active convection shifts from the equator to the tropical western Pacific, leading to the second
mode of zonal wind CISO, which is characterized by a quasi-barotropic Mongolian anticyclone in
the mid-upper troposphere. The upper-tropospheric EAWJ is further shifted to 45°N, displacing the
induced upper-tropospheric divergence northward, thus initiating the rainfall episode of

northeastern China.
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Figure 1. (a) Climatological intraseasonal components of (a) the vertically integrated (100,000 hPa)
diabatic heating (color scale, 103 W m) and 200-hPa winds (m s'), (b) 500-hPa horizontal temperature
advection (color scale, 10! K dt) and winds (m s), (c) 850-hPa specific humidity convergence (color
scale, 10 s'1) and winds (m s?) regressed against the CISO1 index during the boreal summer (May 1 to
August 31) of 1981-2010. The magnitude of the reference vector is provided at the bottom right. The
thickened curves show the locations of the Yangtze and Yellow Rivers, with the southern curve
indicating the Yangtze River and the northern one denoting the Yellow River. The grey shading refers
to the Tibetan Plateau with terrain altitude above 1,500 m [Color figure can be viewed at

wileyonlinelibrary.com]
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Figure 2. (a) As in Figure 1, but for the results regressed against the CISO2 index [Color figure can be

viewed at wileyonlinelibrary.com]
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Hu D, Li M, Zhang X, et al. Multiple S-isotope constraints on environmental changes during the
Serpukhovian mass extinction [J] Earth and Planetary Science Letters, 2022, 594, 117719.

https://doi.org/10.1016/j.epsl.2022.117719
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ABSTRACT: The Serpukhovian (mid-Carboniferous) mass extinction has been ranked fifth
among the major Phanerozoic biodiversity crises, based on its ecological impact. Global cooling
and environmental deterioration driven by the late Paleozoic ice age (LPIA) have been invoked as
potential drivers of the Serpukhovian extinction; however, the underlying killing mechanisms
remain poorly understood. Here we present multiple S-isotopic records (8**S and A3S)
of pyrites from the Naqing section in South China, a potential Global Stratotype Section and Point
(GSSP) for the base of the Serpukhovian Stage. Our results reveal the distinctive S-isotopic
characteristics of negative A*3S and 6°*S values, implying changes in redox conditions in the mid-
Carboniferous oceans. The mixing signal of S-isotopic compositions suggests the encroachment of
deep anoxic water onto the shallow shelves. The recurrence of the S-isotope mixing signal during
the Serpukhovian extinction suggests the instability of oceanic redox conditions and that the

episodic incursion of toxic anoxic water may have contributed to the Serpukhovian extinction.
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Figure 1. Compilation of chronostratigraphy, multiple S-isotopic data, bio-events, and sea-level
changes in South China across the Visean — Serpukhovian boundary. The stratigraphy of the Naqing
section and inferred sea-level changes are modified from Chen et al. (2019), the bio-events in South
China are based on Wang et al. (2006,2013) and Shen et al. (2006), and the temporal
distribution of glaciation is based on Chen et al. (2018) and references therein. Triangles, circles,
and rectangles represent data for the intervals before, during, and after the Serpukhovian extinction,
respectively. The orange, blue, and black colors of the data symbols respectively indicate S-isotopic
compositions located in quadrants II, III, and IV in Fig. 3. The black solid curve shows moving
averages over three consecutive 5**S values. Bas.-Bashkirian; M-lime mudstone; W-wackestone; F-

fine packstone; C-coarse packstone. Ke.-Kepingophyllidae; Ge-Geyerophyllidae; Pe.-

Petalaxidae; Wa.-Waagenophyllidae; De.-Declinognathodus; Id.-Idiognathoides.
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Sun W, Liu J, Wang B, et al. Holocene multi-centennial variations of the Asian summer monsoon
triggered by solar activity [J] Geophysical Research Letters, 2022, e2022GL098625.

https://doi.org/10.1029/2022GL098625
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KIEBAFH) ASM 424 ATy, RSB 1 A K PRI R SST B, ik 1
SRR, JFDSEIR RS T ASM F#7K.

ABSTRACT: Solar activity affects Asian summer monsoon (ASM) at various time scales. However,
it remains unknown if and how solar activity can influence ASM on the centennial time scale. Using
the Community Earth System Model, we conduct a solar activity forced Holocene transient
simulation with an acceleration factor of 10 and show that during the middle—late Holocene ASM
precipitation exhibits a significant 300—600-year periodicity under solar forcing. This model-
produced multi-centennial variation is also suggested by proxy data. The leading mode of the multi-
centennial ASM variation shows a “wet tropics—dry subtropics” pattern, which lags the
corresponding solar activity by about a quarter cycle. The western North Pacific (WNP) circulation
system is responsible for the multi-centennial ASM variation, through enhancing the climatological
south Asia—WNP monsoon trough. We suggest that solar activity modulates the zonal SST gradients
of the tropical Pacific, inducing the anomalous WNP cyclone and enhancing ASM precipitation in

a delayed mode.
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Figure 1. The spatial evolution of Asian summer monsoon (ASM) and the associated sea surface
temperature (SST) pattern. (a—d) Regressed June—July—August (JJA) mean precipitation (mm day ',
shading) and 850 hPa winds (m s™!, vectors) on the normalized WF index. The labels “~30 years,”
“—60 years,” and “—90 years” denote that the WF index lags precipitation and winds by 30, 60, and
90 years, respectively. Only the significant results with confidence levels exceeding 90% (two-tailed
Student's ¢-test) are displayed. (e—h) Correlation maps of JJA mean SST (°C, shading) with the WF
index. The dots denote results that are significant at the 90% confidence level (» test). (i-1)
Correlation maps of JJA mean SST (°C, shading) with the solar forcing. The labels “30 years,”
“60 years,” and “90 years” denote that the solar forcing leads SST by 30, 60, and 90 years,

respectively.

19



8. AZEHHIH I E ALK R P 5 eSS

e |

BN : EEZ Dunfan-w@foxmail.com &

Wasiljeff J, Salminen J M, Stenman J, et al. Oligocene moisture variations as evidenced by an
aeolian dust sequence in Inner Mongolia, China [J] Scientific reports, 2022, 12, 5597.

https://doi.org/10.1038/s41598-022-09362-y
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KPR BN EE R 251

ABSTRACT: The aridification of Central Asia since the Eocene has widespread evidence, but
climate-controlled environmental reorganizations during the Oligocene remain ambiguous. We
employed environmental magnetic, mineralogical and geochemical methods on a latest Eocene to
late Oligocene terrestrial sequence in Inner Mongolia, China, to examine how global climatic trends
and regional factors influenced the evolution of moisture and weathering in the region. Highlighting
the climatic influence, our weathering and rainfall proxy data document the drawdown of
atmospheric CO; and global cooling during the early Oligocene semi-arid phase, which culminated
in the Early Oligocene Aridification Event at 31 Ma. Moreover, for the first time in the terrestrial
eastern Central Asian setting, we provide geochemical and geophysical evidence for a second major
Oligocene aridification event nearly synchronous to the mid-Oligocene Glacial Maximum at around
28 Ma. These aridification events were interrupted by periods of increased rainfall and weathering

and can be associated with the terminations of glacial events seen in marine oxygen isotope records.
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Figure 1. (a) A regional Google Earth Pro map (www.google.com/intl/en/earth) of the Bayanhot Basin,
also showing the location of the studied Ulantatal sequence. The satellite image was modified with
Core]DRAW 2020 (www.coreldraw.com) (b) A simplified lithological column of the Ulantatal sequence
with subsections, sediment thickness, epochs and age-depth model. ¢ Field view from the Kekeamu
section where alternating more yellowish versus more reddish beds are visible. (d) Grain size

distributions of selected samples from Ulantatal in comparison to Chinese loess and Red Clay.
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Cao Y, Wang C Y. Contrasting oxidation states of low-Ti and high-Ti magmas control Ni-Cu
sulfide and Fe-Ti oxide mineralization in Emeishan Large Igneous Province [J] Geoscience
Frontiers, 2022, 101434.

https://doi.org/10.1016/j.gs£.2022.101434
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RARFIFTRER B ARRT L g, b & A A R A S . FIR] alphaMelts 1584 3RA5 19T
R T B RIVE KBRS &8, ZREW, 1K Ti RIVEHAGL 02,
S FEN S, AL IEFGMERIRG . ML N, & Ti RIVEHKIE MgO &5 A~ 7.0 wt.%
i, ARAMEEBIHAL AT, (HATLLSS L Fe-Ti A4, ik, ARSI K S &+
I Ti Al Ti RV I 02 2 57T REFE T PRI AN [R1 28 B () Fey™ i A v R 4 S AR

ABSTRACT: Magmatic Ni-Cu-(PGE) sulfide and Fe-Ti oxide deposits in plume-related large
igneous provinces (LIPs) are commonly related to low-Ti and high-Ti series magmas, respectively,
but the major factors that control such a relationship of metallogenic types and magma compositions
are unclear. Magma fO2 controls sulfur status and relative timing of Fe-Ti oxide saturation in mafic
magmas, which may help clarify this issue. Taking the Emeishan LIP as a case, we calculated the
magma fO2 of the high-Ti and low-Ti picrites based on the olivine-spinel oxygen barometer, and

the partitioning of V in olivine. The obtained fO2 of the high-Ti series magma (FMQ + 1.1 to FMQ
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+ 2.6) is higher than that of the low-Ti series magma (FMQ — 0.5 to FMQ + 0.5). The magma fO2
of the high-Ti and low-Ti picrites containing Fo > 90 olivine reveals that the mantle source of the
high-Ti series is likely more oxidized than that of the low-Ti series. The results using the ‘lambda
REE’ approach show that the high-Ti series may have been derived from relatively oxidized mantle
with garnet pyroxenite component. The S contents at sulfide saturation (SCSS) of the two series
magmas were calculated based on liquid compositions obtained from the alphaMelts modeling, and
the results show that the low-Ti series magma could easily attain the sulfide saturation as it has low
fO2 with S being dominantly as S2—. In contrast, the oxidized high-Ti series magma is difficult to
attain the sulfide saturation, but could crystallize Fe-Ti oxides at magma MgO content of ~7.0 wt.%.
Thus, contrasting magma fO2 of low-Ti and high-Ti series in plume-related LIPs may play an

important role in producing two different styles of metallogeny.
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Figure 1. Plot of the Fo contents of olivine versus the magma fO2 calculated based on (a) the
olivine-spinel oxygen barometer, and (b) the partitioning of V in olivine for the low-Ti and high-Ti
series picrites and intrusions in the Emeishan LIP. The low-Ti and high-Ti series picrites and
intrusions show opposite variation patterns in magma fO2 with the decreasing Fo contents of olivine.

Data sources are the same as in Fig. 4.
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Ford H L, Burls N J, Jacobs P, et al. Sustained mid-Pliocene warmth led to deep water formation
in the North Pacific [J] Nature Geoscience, 2022.

https://doi.org/10.1038/s41561-022-00978-3
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ABSTRACT: Geologic intervals of sustained warmth such as the mid-Pliocene Warm Period can
inform our understanding of future climate change, including the long-term consequences of oceanic
uptake of anthropogenic carbon. Here we generate carbon isotope records and synthesize existing
records to reconstruct the position of water masses and determine circulation patterns in the deep
Pacific Ocean. We show that the mid-depth carbon isotope gradient in the North Pacific was
reversed during the mid-Pliocene compared with today, which implies water flowed from north to
south and deep water probably formed in the subarctic North Pacific Deep Water. An isotopically
enabled climate model that simulates this North Pacific Deep Water reproduces a similar carbon
isotope pattern. Modelled levels of dissolved inorganic carbon content in the North Pacific decrease
slightly, although the amount of carbon stored in the ocean actually increases by 1.6% relative to
modern due to an increase in dissolved inorganic carbon in the surface ocean. Although the modelled
Pliocene ocean maintains a carbon budget similar to the present, the change in deep ocean

circulation configuration causes pronounced downstream changes in biogeochemistry.
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Figure 1. Observed benthic 8'3C and modelled zonal-mean anomalies for the mid-Pliocene Warm

Period. The vertical cross section across the Pacific shows the core and spatial extent of the PMOC.
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Liu X, Zhang M, Li A, et al. Sedimentary pyrites and C/S ratios of mud sediments on the East
China Sea inner shelf indicate late Pleistocene-Holocene environmental evolution [J] Marine
Geology, 2022, 106854.

https://doi.org/10.1016/j.margeo.2022.106854
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ABSTRACT: Sedimentary pyrite and the ratio between organic carbon and pyrite sulfur (C/S ratio)
have been widely used as paleosalinity indicators to distinguish between marine and freshwater
environments. However, in unsteady marine environments with strong physical reworking, the
formation of pyrite is limited, leading to a high C/S ratio, as is the case in freshwater environments;
thus, whether C/S ratios can identify unsteady marine environments in sedimentary strata is still a
controversial topic. To calculate the availability of these classic indicators in unsteady environments,

we analyzed multiple indicators of core sediments obtained from the inner shelf of the East China
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Sea. Our results show that there are no pyrite aggregates in the sediments deposited under terrestrial
conditions before 13.1 ka. During this period, the C/S ratios are higher than 2.8, representing the
characteristics of sediment deposited in freshwater environments, which is also supported by low
Sr/Ba ratios. When the core site was initially affected by seawater intrusion at approximately 13.1
ka, pyrite aggregates appeared for the first time, accompanied by a rapid decrease in C/S ratios,
indicating a brackish tidal flat environment. We find that the C/S ratio overlaps between tidal flat
and inner shelf environments, but the relatively high content of pyrite aggregates and fine-grained
sediments in the shelf sediments can effectively separate these two environments. Our results further
reveal that the mud depocentre initially developed at approximately 7.5 ka when the sea level
reached its high stand. These new findings suggest that geochemical indicators should always be

used in conjunction with sedimentary and paleoecological evidence to prevent biased conclusions.
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Figure 1. TIC, TOC and TS contents of core ECMZ. (a) TIC content; (b) TOC content; (¢) TS
content; (d) C/S ratio; (e) relative content of pyrite in hand-picked coarse-grained (coarser than 63

um) heavy minerals.
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Figure 2. Sr and Ba contents and St/Ba ratios of core ECMZ. (a) Sr content; (b) Ba content; (c)

corrected Sr content; (d) Sr/Ba ratio; (e) corrected Sr/Ba ratio.
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Figure 3. Sedimentary environmental evolution in response to deglacial sea-level rise. (a) Mean
grain size; (b) C/S ratio; (c) hand-picked relative pyrite content in coarse (> 63 pm) heavy minerals;
(d) TIC content, representing the carbonate components in the bulk sediments; (¢) St/Bacor; (f) sea-

level change since the last deglaciation (Lambeck et al., 2014).
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