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1. KA FZKER TUKIE AR CO. 7t F B DTk & A H

BN fi X zhongy@sustech. edu. cn ||
A.D. Moy, M.R. Palmer, W.R. Howard et al., Varied contribution of the Southern Ocean to

deglacial atmospheric CO;rise [J]. Nature Geoscience, 2019, 12(12), 1006-1011.

FE: VK-V COo MBS S R 52 7% T /K Th BRI AZ AL, T AR A i R TR R
& ERFEAE VI BRAL 2 AR R AR AR AL o B RV 24 T LA PR SCE 22 /) COa, IR I
2% CO MM IR A A BB M JRIM, P VK- [P - KR CO A AR I EE L 2
WAL ZE AR AT IR A TGS RE o« A, JATVE P AT FL AUl [R5 ZORASR () o7 3 A0 v il B4R bk
H I %5 25000 AR FG IR Z/K MK pH Al COy 73 FRARHIE, SRERFLIRIEIGK CO, 1952
PENLE . GEREIR, ARV Z X 2R R KGR K CO2 A X . BATHIE R R
ARG COL BRI R JZ K AR R IRVKIE IR COx T B E R R . XK
PR 7S b TR R 98 AT R KA 7K BT B8 23 A0 T I 20K - RO R R COn R BA B EAE

ABSTRACT: Glacial-interglacial changes in atmospheric CO; are generally attributed to changes
in seawater carbon chemistry in response to large-scale shifts in the ocean’s biogeochemistry and
general circulation. The Southern Ocean currently takes up more CO. than any other and it is likely
to have played a crucial role in regulating past atmospheric CO,. However, the physical, biological
and chemical variables that control ocean—atmosphere CO, exchange during glacial-interglacial
cycles are not completely understood. Here we use boron isotopes and carbon isotopes in planktonic
foraminifera and an alkenone-based proxy of temperature to reconstruct seawater pH and CO;
partial pressure in sub-Antarctic surface waters south of Tasmania over the past 25,000 years, and
investigate the mechanisms that regulate seawater CO». The new record shows that surface waters
in this region were a sink for atmospheric CO; during the Last Glacial Maximum. Our
reconstruction suggests changes in the strength of the biological pump and the release of deep-ocean
CO; to surface waters contributed to the last deglacial rise in atmospheric CO.. These findings
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demonstrate that variations in upwelling intensity and the distribution of Southern Ocean water
masses in this sector played a key role in regulating atmospheric CO> during the last glacial-

interglacial cycle.
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Figure 1. Location of sediment core MD972106 and modern positions of the Southern Ocean water
masses and fronts. MD972106 (blue dot) is located at 45° 09’ S, 146° 17' E (water depth 3,310 m). SAF,
Sub-Antarctic Front; PF, Polar Front; SB, southern boundary of the Antarctic Circumpolar

Current (ACC); NZ, New Zealand. Arrows indicate the ACC direction. The dashed red line shows the
WOCE SR3 repeat hydrographic transect between Tasmania and Antarctica along ~140° E. Figure
adapted from Trull et al.51, John Wiley and Sons.
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Figure 2. Planktonic and benthic foraminiferal 813C, A§13C gradient, alkenone concentrations and
ApCO2 over the past 25,000 years. a, 13Cadj for G. bulloides. b, Benthic §13C for Cibicidoides spp. c,
AS13C gradient (813C planktonicadj — 813C benthic foraminifera); the horizontal dashed line shows the
average Holocene A313C gradient. d, Alkenone concentrations. e, ApCO2 I is the difference between
surface water pCO2 I and atmospheric pCO2I(ref. 1) as in Fig. 3c. Also shown in e is the calculated
ApCO?2 Ifor the Atlantic sector SAZ (ref. 13) (sediment core PS2498-1 at 44°09' S, 14° 13' 48" W,
3,783 m water depth; the grey open diamonds and error bars are the 95% uncertainty bounds). In a, §13C
values for G. bulloides are temperature and [CO32-] adjusted (Methods). The error bars in a and b
represent 16 uncertainties based on replicate measurements, the error bar in d represent 2c uncertainties
for replicate extractions and measurements on a homogeneous laboratory standard and the error bars in
e represent 95% confidence intervals around the Monte Carlo mean, based on 2¢ uncertainties on the
individual input variables and on other carbonate system parameters propagated via the Monte Carlo
simulation (n=10,000) in the program R (Methods)
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2. B 10 MR RS RI T KT B A RF AT I

BEN: BB fengwy@sustech.edu.cn

Johnson B W, Wing B A. Limited Archaean continental emergence reflected in an early Archaean
80-enriched ocean[J]. Nature Geoscience, 2020, 13: 243-248.

FHEE: HhER A= VB PGS YR T A A FR A E ) P B ANAL ST A T SR W 1 o M AL AR P AN
THAR ST ORAT T IR LE AL S IR S ko BT, BEAE N TR A HERS , PR AL S TR Y
180/1°0 HLHIZHIHEM . XAME SIS SURMRIN, AR — RS T Wik 5 p i (HF
FARAMEHFHD o AR IFE AR AL R AL S S RIEEL, B ALEm & NI,
FR i B2 P e EE LA E IR E S 2 . 54k, RS A A EAE PR (R3S S KRR
BCA R R B R AR AN, X 37 e R A R AL s A . AEIX L, 3R
ATF5E T K B PRI Pilbara 5e4i7i# Panorama Hi[X [FI K% 32.4 A4 IR AR PE 52,
B AL DR, dsilr e A R R A . JATABL, EIR M, Panorama
HLIX KR 8180 24 3.3 + 0.1%0 VSMOW, LEILA-HgVE 3 & 48 180. AT NfEKIK 8130 B
I B) O HERS I FRAR, X SRR 2 DT T id S Y 8180 Bt [ A 52 Kl P52 1 ) 3
AN AT EREIX A RetE, AT T —ANHUBUK SCIE A AU R A7 3 S A A, axX AR
FUFERHARAI (30 2 25 /LR, KR RULIER M2 380 150 R KR
1) 8180 {E NIRRT IACHE KR 8180 fh. FRATHISE AR K P th I Fi R R RE H 3z
J&, HIERIZKIEIR AT REA D T PN MSL RS AAT A B

ABSTRACT: The origin and evolution of Earth’s biosphere were shaped by the physical and
chemical histories of the oceans. Marine chemical sediments and altered oceanic crust preserve a
geochemical record of these histories. Marine chemical sediments, for example, exhibit an increase
in their '80/'°0 ratio through time. The implications of this signal are ambiguous but are typically
cast in terms of two endmember (but not mutually exclusive) scenarios. The oceans may have been
much warmer in the deep past if they had an oxygen isotope composition similar to that of today.
Alternatively, the nature of fluid—rock interactions (including the weathering processes associated
with continental emergence) may have been different in the past, leading to an evolving oceanic

oxygen isotope composition. Here we examine approximately 3.24-billion-year-old hydrothermally
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altered oceanic crust from the Panorama district in the Pilbara Craton of Western Australia as an
alternative oxygen isotope archive to marine chemical sediments. We find that, at that time, seawater
at Panorama had an oxygen isotope composition enriched in %0 relative to the modern ocean with
a 880 of 3.3 £ 0.1%0 VSMOW. We suggest that seawater 8'®0 may have decreased through time,
in contrast to the large increases seen in marine chemical sediments. To explain this possibility, we
construct an oxygen isotope exchange model of the geologic water cycle, which suggests that the
initiation of continental weathering in the late Archaean, between 3 and 2.5 billion years ago, would
have drawn down an '0-enriched early Archaean ocean to 6'30 values similar to those of modern
seawater. We conclude that Earth’s water cycle may have gone through two separate phases of

steady-state behaviour, before and after the emergence of the continents.
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Figure 1. Calculated seawater 3'30 evolution for different rate efficiency and continental emergence
scenarios. Previous estimates for seawater 3'30 from submarine basalts (from oldest to youngest: ref. !,
ref. '6, ref. 12, ref. 13 and ref. %) are shown in grey boxes, with our results shown as orange dots (error
bars represent two standard deviations). Note the youngest grey box combines two estimates of
Phanerozoic seawater 8'%0. The constraint at 4.45 Ga (orange box) is based on basaltic magma—water
equilibrium1,42,43 and a bulk Earth 8'30 = 5.5%o. The inset shows estimated seawater 5'80 for the
Cenozoic and the latest Mesozoic based on benthic foraminiferal oxygen isotopes and Mg/Ca ratios?.
The green field indicates sluggish Archaean plate tectonics, which are defined by water cycling at 2—-4%
of modern rates that increase to modern values at 3 Ga. The dot—dash line indicates establishment of
continental water cycling in the early Archaean while the solid line indicates establishment in the late
Archaean. This plot highlights that there are no constraints on seawater 8'30 during the Proterozoic eon
from oceanic crustal rocks, so we assumed that §'%0 of Proterozoic seawater resembled Phanerozoic

seawater.
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3. EF BRI KRR T RIEKS A&’

BEAN: B4R jiangxd@sustech. edu. cn :
Guilbaud, R., Poulton, S.W., Thompson, J. et al., Phosphorus-limited conditions in the early

Neoproterozoic ocean maintained low levels of atmospheric oxygen. Nature Geoscience. [J]
(2020), 1-6.
FE: ERHTH (108 Ga), HREATKRE IS 1) S AME RSB ARIAE T2 &
BRAL YIRS AL N B SRS o RPER LI S5 2% A Xl 1) A b sk A 26 3R BT TR iR
fEEsIfER, BT B A OREYERE IR TR, BRI WIZAE ™ B A s . SR H
R BAARGIR 3 A R RURE FRIHEE S8 A 30 S PR 58 2 A PR W) 2 T AN SR AR T AE o AT T B BR A 253
REAKIITBORFE AN AR ZS HIBEREAT 1 AT 9T, 120 i B A o G A vHE e it L e vt AR
BRI o AT A S BRRTE A L BRERART W b Ay e F B 3B T 28 SR, [
I IEAR AT e 51 S 4 BRIE A AL 7 70 A HLBR B, DL A B 5 ) S8 77 S PRI . BRI,
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ABSTRACT: The redox chemistry of anoxic continental margin settings evolved from widespread
sulfide-containing (euxinic) conditions to a global ferruginous (iron-containing) state in the early
Neoproterozoic era (from ~1 to 0.8 billion years ago). Ocean redox chemistry exerts a strong control on
the biogeochemical cycling of phosphorus, a limiting nutrient, and hence on primary production, but the
response of the phosphorus cycle to this major ocean redox transition has not been investigated. Here,
we use a geochemical speciation technique to investigate the phase partitioning of phosphorus in an open
marine, early Neoproterozoic succession from the Huainan Basin, North China. We find that effective
removal of bioavailable phosphorus in association with iron minerals in a globally ferruginous ocean
resulted in oligotrophic (nutrient limited) conditions, and hence a probable global decrease in primary
production, organic carbon burial and, subsequently, oxygen production. Nevertheless, phosphorus
availability and organic carbon burial were sufficient to maintain an oxidizing atmosphere. These data
imply substantial nutrientdriven variability in atmospheric oxygen levels through the Proterozoic, rather

than the stable levels commonly invoked.
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Figure 1. Geochemical variations against the main stratigraphy of the Huainan Basin. a, Stratigraphy of
the Huainan Basin and lithology of the sectionsstudied, modified after ref. 8. b-e, Geochemical variations:
b, total organic carbon (TOC) and total Fe (Fer) contents; ¢, organic carbon and carbonate carbon isotope
compositions (8*3Corg and 8*Cean, respectively); d, Ptot contents and the P/AI ratio, the dotted line
representing the average shale value *® (note the difference in x axis); e, the proportion of Pget, Pauth, Porg
and Pge within the total P pool. Errors are included within the data points.
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Figure 2. Biogeochemical evolution of the ocean at the Mesoproterozoic/Neoproterozoic boundary (ca.
1 Ga). a, Before ca. 1 Ga, mid-depth, euxinic (sulfide-rich, H.S) continental margins promoted P
regeneration (as phosphate, PO, %) through preferential release from Cor and the reduction of Fe
(oxyhydr)oxides, resulting in higher productivity and higher Corg-to-Porg ratio. b, After ca. 1 Ga, under
the globally ferruginous (Fe(ll)-rich) early Neoproterozoic ocean, P was effectively removed from the
water column and fixed in the sediment as authigenic phases through sink switching, resulting in
oligotrophic continental margins and Corg/Porg close to the Redfield ratio.
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Granot R, Dyment J. Late Cenozoic unification of East and West AntarcticalJ]. Nature
communications, 2018, 9(1): 1-10.
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ABSTRACT : The kinematic evolution of the West Antarctic rift system has important
consequences for regional and global geodynamics. However, due to the lack of Neogene seafloor
spreading at the plate boundary and despite being poorly resolved, East-West Antarctic motion was
assumed to have ended abruptly at 26 million years ago. Here we present marine magnetic data
collected near the northern edge of the rift system showing that motion between East and West
Antarctica lasted until the middle Neogene (~11 million years ago), long after the cessation of the
known mid-Cenozoic pulse of motion. We calculate new rotation parameters for the early Neogene
that provide the kinematic framework to understand the varied lithospheric settings of the
Transantarctic Mountains and the tectono—volcanic activity within the rift. Incorporation of the
Antarctic plate motion into the global plate circuit has major implications for the predicted Neogene

motion of the Pacific Plate relative to the rest of the plates.
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Figure 1. Magnetic anomaly locations in the Balleny and Tasman corridors. Background is the satellite-
derived free-air gravity field. The positions of the anomalies (open symbols) are compared to those from
the conjugate plate (filled symbols), rotated using the Australia-East Antarctica rotations. Anomalies
from the Macquarie microplate, delineated by a dashed line, are corrected for Macquarie-Australia
motion. Rotated anomalies 6y and 8o from the Balleny corridor misfit the positions of their Antarctic
counterparts by 45 and 60 km, respectively. Grey-shaded anomaly picks (8o locations) are rotated using
the Macquarie-Australia-West Antarctica rotation. Dotted red lines delineate the region of crust affected
by Neogene East-West Antarctic motion. Dotted orange lines confine the Adare Basin with its internal

anomalies 120 and 180. BI, Balleny Islands; TC, Tasman corridor; BC, Balleny corridor.
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Figure 2. Pacific-North America plate motions during the Neogene. a Predicted plate motion trajectory
for the Pacific Plate relative to the North America Plate. The blue line shows the trajectory calculated by
the summation of the noise-reduced Pacific-Antarctica-Africa-North America plate circuit rotations,
assuming that Antarctica was a single plate. Inclusion of East-West Antarctica motion between anomalies
80 and 5o results in the red trajectory. Ellipses show the resulting combined 95% uncertainty region for
the reconstructed Mendocino Triple Junction (blue star). b Accumulated boundary-parallel displacement
components (N40°W direction) calculated along the trajectories shown in panel a (blue and red stars
were computed excluding and including, respectively, Neogene East-West Antarctica motion).
Geological estimates of the boundary-parallel displacements across the plate boundary are shown by gray

shaded area.
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BEN: B 11930589@mail.sustech.edu.cn

Kdampf L, Plessen B, Lauterbach S, et al. Stable oxygen and carbon isotopes of carbonates in lake
sediments as a paleoflood proxy[J]. Geology, 2020, 48(1): 3-7.
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ABSTRACT: Lake sediments are increasingly explored as reliable paleoflood archives. In addition
to established flood proxies including detrital layer thickness, chemical composition, and grain size,
we explore stable oxygen and carbon isotope data as paleoflood proxies for lakes in catchments with
carbonate bedrock geology. In a case study from Lake Mondsee (Austria), we integrate high-
resolution sediment trapping at a proximal and a distal location and stable isotope analyses of varved
lake sediments to investigate flood-triggered detrital sediment flux. First, we demonstrate a relation
between runoff, detrital sediment flux, and isotope values in the sediment trap record covering the
period 2011-2013 CE including 22 events with daily (hourly) peak runoff ranging from 10 (24) m?
s to 79 (110) m3 s7!. The three- to ten-fold lower flood-triggered detrital sediment deposition in
the distal trap is well reflected by attenuated peaks in the stable isotope values of trapped sediments.

Next, we show that all nine flood-triggered detrital layers deposited in a sediment record from 1988
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to 2013 have elevated isotope values compared with endogenic calcite. In addition, even two runoff
events that did not cause the deposition of visible detrital layers are distinguished by higher isotope
values. Empirical thresholds in the isotope data allow estimation of magnitudes of the majority of
floods, although in some cases flood magnitudes are overestimated because local effects can result
in too-high isotope values. Hence we present a proof of concept for stable isotopes as reliable tool

for reconstructing flood frequency and, although with some limitations, even for flood magnitudes.
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Figure 1. Three years of monitoring data on hydroclimatic variables and trapped sediment at Lake

Mondsee (Austria). Gray vertical bars mark flood-triggered peaks in sediment flux and isotopes. (A)

20



Epilimnion (0-8 m depth) water temperature (red line) and calculated equilibrium 830 (green diamonds)
of endogenic calcite (Appendices DR1 and DR2 [see footnote 1]). (B) River runoff. (C) Carbonate flux.
Note change in vertical scale above 25 gm 2 d . (D) Bulk 5'C in sediment. Star marks one isotope peak
not correlated to runoff due to gap in runoff data. (E) Bulk 5'%0 in sediment with calculated endogenic
calcite 30 (8'30equitec) (Appendix DR2). (F) Differences between measured and calculated endogenic
380 (Abulkequitec). Horizontal dashed line marks the minimum difference between measured 5'%0 and
3"80cquit.cc (0.5 per mil). (G) Bulk 5'3C and §'80 of calcite layers (box plots, # = 17), microscopic detrital
layers (dots, n = 9), and macroscopic detrital layers (diamonds; # = 3). “Proximal” and “distal” indicate

proximal and distal sediment traps, respectively (see Fig. 1). VPDB—Vienna Peedee belemnite.
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Boyd P W, Ellwood M J, Tagliabue A, et al. Biotic and abiotic retention, recycling and

remineralization of metals in the ocean[J]. Nature Geoscience, 2017, 10(3):167-173.
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ABSTRACT: Trace metals shape both the biogeochemical functioning and biological structure of
oceanic provinces. Trace metal biogeochemistry has primarily focused on modes of external supply
of metals from aeolian, hydrothermal, sedimentary and other sources. However, metals also undergo
internal transformations such as abiotic and biotic retention, recycling and remineralization. The
role of these internal transformations in metal biogeochemical cycling is now coming into focus.
First, the retention of metals by biota in the surface ocean for days, weeks or months depends on
taxon-specific metal requirements of phytoplankton, and on their ultimate fate: that is, viral lysis,
senescence, grazing and/or export to depth. Rapid recycling of metals in the surface ocean can
extend seasonal productivity by maintaining higher levels of metal bioavailability compared to the
influence of external metal input alone. As metal-containing organic particles are exported from the

surface ocean, different metals exhibit distinct patterns of remineralization with depth. These
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patterns are mediated by a wide range of physicochemical and microbial processes such as the
ability of particles to sorb metals, and are influenced by the mineral and organic characteristics of
sinking particles. We conclude that internal metal transformations play an essential role in

controlling metal bioavailability, phytoplankton distributions and the subsurface resupply of metals.

Deep chlorophyll maximum

Figure 1: Schematic of modes of ‘new’ iron supply (orange arrows) and iron retention mechanisms within
the surface mixed layer. Abiotic retention (left box) includes rapid transfer of aerosol iron to soluble
pools (that is, Cascade7) and photochemically mediated colloid dissolution34. Biotic retention (right box)
is driven by acquisition (for example, aerosol capture by diazotrophs36) and interactions between iron
supply, differing iron quotas (pmol 1-1) within natural communities (left-to-right: diatom39, autotrophic
flagellate39, picoprokaryote39, picoeukaryote39, heterotrophic bacterium39) and their fate (export
(downward blue arrow) or grazing/lysis (circular blue arrows)). Microbial ligand (L) release retains
metals in solution (denoted by the partial chemical structure of the enterobactin siderophore) and is
stimulated by new metal supply25,26. The virus represents putative iron recycling through progeny
phages33. Horizontal blue arrows denote exchange between the dissolved and other pools mediated by

ligands.
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LiuJ R, Song X F, Yuan G F, et al. Stable isotopic compositions of precipitation in China [J]. Tellus
B, 2014, 66, 22567.
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ABSTRACT: During the mid-1980s, there were 31 stations in China that successfully participated
in the Global Network of Isotopes in Precipitation. However, most observations were suspended
after the mid-1990s. The discontinuous data hindered the application of precipitation isotopes,
which are strongly affected in China by the Asian monsoon and are thus of intrinsic interest for
palaeoclimatologists. Therefore, to continuously observe precipitation isotopes nationwide, the
Chinese Network of Isotopes in Precipitation was established in 2004. The current study reviewed
the major characteristics of the 928 samples that were collected from 2005 to 2010. The ranges of
dD and d'%0 values generally followed the pattern NENWTPNCSC, and the amount weighted d-

values followed the pattern SCNWNCTPNE. Temporal variations presented a ‘V’-shaped pattern
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at the SC region and reverse ‘V’-shaped patterns at the NE and NW regions. Decreasing trends with
the advent of the rainy season were found at the NC and TP regions. The Chinese Meteoric Water
Line has been established as dD=7.48d'%0 + 1.01. The distributions of scattering along the line
demonstrated different water vapor origins and characteristics. The values of d'%0 showed strong
temperature dependence at the NE (0.27%0/°C) and NW stations (0.37%0/°C), and this dependent
variable switched to water vapor pressure and vapor pressure at the SC stations. The geographical
controls of d'80 were -0.22%0/° and 0.13%0/100 m for latitude and altitude, respectively. The
d'80/Latitude gradient increased from south to north at the Eastern Monsoon Region, and the
d'80/Altitude gradient (-0.30%0/100 m) was especially significant for the TP region. The results of
this study could provide basic isotopic information for on-going investigations in hydrology,

meteorology, palacoclimatology and ecology at different regions of China.
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Figure 2. Distributions of (3s-6w) values. The ds and dw denote the un-weighted means of the summer
(May-Oct.) and winter months(Nov.-Apr.), respectively. Group I, II and III all belong to the inner
continental climate, indicating a major temperature contribution to the d'®0 variation. Group IV and V
are generally located in the middle and southeastern parts of China, and both the precipitation and
temperature may contribute to the small (s - dw) values. Group VI and VII distribute to latitude <

30°N, and with a precipitation contribution.
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Zhang Y, Zhu K, Huang C, et al. 2019. Asian Winter Monsoon Imprint on Holocene SST Changes

at the Northern Coast of the South China Sea. 46: 13363-13370.
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ABSTRACT: Independent inference of the Asian winter monsoon (AWM), albeit achieved at
several sparse sites, has reached no consensus for its variability through the Holocene. A sediment
core from the northern coast of the South China Sea (SCS) was utilized to analyze organic
biomarkers at (bi-)decadal resolution, unveiling how SCS oceanic conditions fingerprint the
AWM signal. Generally, alkenone sea surface temperature (SST) record, resembling the temporal
structures of integrated tropical SST over the past 7,500 years, shows abnormal cool temperatures
(up to ~4 <C) during the Little Ice Age and between ~1,200 and 2,500 years BP, when windborne
terrigenous hopane compounds experienced considerable increases superimposed on a general
increasing trend. Our results, together with augmented SST gradient between the SCS coast and
open ocean, consistently suggest AWM strengthening toward the late Holocene. An intensified
AWM during cold intervals like the Little Ice Age would have provided strong positive feedback

to enhance coastal cooling.
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Figure 1. Downcore geochemical proxies of sediment core YJ over the past 7,500 years, including (a)
UX" 37 -SST record, (b) Cs7 concentration, (c) total hopane concentration (reversed scale), and (d)
sedimentation rate. The color bars represent three key intervals discussed in the text, for example, the
Holocene Climate Optimum (HCO, before ~3,500 years BP), Medieval Climate Anomaly (MCA, ~700—
1100 years BP) (red), and Little Ice Age (LIA, ~150-550 years BP) (green).
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Figure 2. Comparison of UX' 37-SST records of sediment cores (a) GIK17940 (blue dots) (Wang et al.,
1999) and NS02G (blue cycles) (Kong, 2014), (b) YJ (this study), and (c) HKUV16 (Kong et al., 2014),
(d) integrated SST anomaly over global tropical coasts (Marcott et al., 2013) as well as (¢) magnetic
susceptibility (values increase downward, Yancheva et al., 2007) and (f) diatom AG/CS ratio (A.
granulate/C. stelligera; Wang et al., 2012) at Huguangyan Maar Lake. The color bars mark the same
intervals as in Figure 2, and the green arrow line denotes the SST gradient between the SCS northern
coast and open ocean.
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Figure 3. Comparison of U¥' 37 -SST records over the last millennium in sediment cores (a) NS02G
(Kong et al., 2017), (b) YJ (this study), and (d) HKGS-A (higher values downward) (Lee et al., 2019).
The color bars and green arrow line outline the same intervals and SST gradient, respectively, as in

Figure 3, and the dashed gray lines hint at the correspondence of three independent records within their
chronological uncertainties. Total solar irradiance (TSI) (Steinhilber et al., 2009) is also superimposed
upon the SST record (c). Note different temperature scale used for the three records.
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