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the marine-based collapse of the last Eurasian Ice Sheet [J] Communications Earth &
Environment, 2022, 3(1), 119.
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ABSTRACT: Information from former ice sheets may provide important context for understanding
the response of today’s ice sheets to forcing mechanisms. Here we present a reconstruction of the
last deglaciation of marine sectors of the Eurasian Ice Sheet, emphasising how the retreat of the
Norwegian Channel and the Barents Sea ice streams led to separation of the British Irish and
Fennoscandian ice sheets at c. 18.700 and of the Kara-Barents Sea-Svalbard and Fennoscandian ice
sheets between 16.000 and 15.000 years ago. Combined with ice sheet modelling and
palaeoceanographic data, our reconstruction shows that the deglaciation, from a peak volume of 20
m of sea-level rise equivalent, was mainly driven by temperature forced surface mass balance in the
south, and by Nordic Seas oceanic conditions in the north. Our results highlight the nonlinearity in
the response of an ice sheet to forcing and the significance of ocean-ice-atmosphere dynamics in

assessing the fate of contemporary ice sheets.
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Figure 1. Maps of investigated areas and mapped glacial landforms. a Overview map (bathymetry
from www.gebco.net) with Last Glacial Maximum (20 ka) extent (black line) of the Eurasian Ice
Sheet and boundaries (broken black lines) between the Kara-Barents Sea-Svalbard Ice Sheet
(KBSIS), Fennoscandian Ice Sheet (FIS) and the British-Irish Ice Sheet (BIIS) indicated. Location
of deep sea cores (LINK17 and JM373; white squares) and dated samples (Supplementary Note 1
and Supplementary Data 1-3) (black dots) are indicated. b, ¢ Ice marginal features (red lines) and

glacial lineations (black lines) mapped on the Mid Norwegian margin and compiled for the North
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Sea, largely based onrefs. 9,10,12,22. d Ice marginal features (red lines) and glacial lineations (black
lines) in the Barents Sea-Svalbard region, compiled using datasets from refs. 32,61,62,67,82,83. NC
Norwegian Channel, FG Fladen Ground, DB Dogger Bank, SuT Suladjupet Trough, SkT
Sklinnadjupet Trough, TT Traenadjupet Trough, BiT Bjerneya Trough, ST Storfjorden Trough, StAT

St Anna Trough, SI Shetland Islands, EA East Anglia.
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Figure 2. Time series of Eurasian Ice Sheet development and possible controlling factors for the
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instruments [J]. Journal of Geophysical Research: Solid Earth, 2022, e2021JB023789.
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ABSTRACT: Measurements of susceptibility as a function of temperature are an important,
standard method of quantifying a sample’s magnetic mineralogy. These measurements are used to
identify the Curie/Néel temperatures of constituent minerals and show evidence of thermally-
induced oxidation and formation of magnetic minerals. For these reasons, the High Temperature
Susceptibility Bridge (HTSB) is a common instrument in paleomagnetism laboratories around the
world. Here, we argue that HTSBs can be used to perform simple differential thermal analysis
(DTA), a technique used to measure phase transitions and exo-/endothermic reactions by measuring
deviations in temperature from a steady heating rate. Because HTSBs are designed to heat samples
at a relatively constant rate, the standard susceptibility measurement can be used to obtain similar
information, albeit crude, about the phase transitions taking place. For standard samples of vivianite,

goethite, and maghemite, we compare the heating curves of the sample and a blank run, to identify
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DTA-analogous information. In the case of goethite and vivianite, the reactions identified do not

have a corresponding expression in susceptibility, demonstrating that this approach expands the

utility of this common piece of equipment. We estimate the minimum enthalpy of reactions

detectable and their mass dependence. Additionally, we show that this approach is successful in

detecting the dehydration of vivianite in a mixed mineralogy natural sample.
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Figure 1. (a) Flow chart describing the procedure for data collection and processing (b) Excerpted

data from vivianite heating curve showing the relationship between measured temperatures,

interpolated points, and residual temperature during the endothermic dehydration reaction.
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Figure 2. Graphs (a-f) show mineral standards measured on KLY -2 with the upper plot showing
the low-field magnetic susceptibility during heating (red) and cooling (blue) and the lower plot
showing the repeat heating rate analyses results and a comparative DSC/DTA plotted in purple. The
extent of each reaction as detected by DSC/DTA is highlighted in grey with the peak temperature
indicated by a dotted line. The standards include (a-b) Vivianite in which the heating rate analyses
in (b) do not include detrending, (c-d) Goethite, and (e-f) maghemite. (g) Bay Horse Lake natural
samples magnetic susceptibility and (h) heating rate analysis without detrending. The extent of the

vivianite standards peaks is highlighted with the standard peak temperature indicated by a dotted

line.
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Barham M, Kirkland C L, Handoko A D. Understanding ancient tectonic settings through detrital
zircon analysis[J]. Earth and Planetary Science Letters, 2022, 583: 117425.

https://doi.org/10.1016/j.epsl.2022.117425
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ABSTRACT: The fertility and heterogeneity of source rocks play important roles in determining
the age distribution of detrital zircon populations that accumulate in sedimentary basins. Detrital
zircon samples in active convergent tectonic settings are typified by a dominance of well-defined
young age modes associated with an arc/magmatic orogenic belt, while passive margins and
extensional settings more commonly express dispersed polymodal age populations reflecting more
extensive, geologically heterogeneous catchments and greater sediment recycling. Two newly
defined metrics relating to (i) the temporal difference between the 10th and 50th percentiles of a
detrital zircon age population, and (ii) a modified x 2-distribution analysis of age population
modality and dispersion, provide a powerful means of distinguishing between geologically active

convergent systems and divergent/passive margin basins. Importantly, this tool does not require
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knowledge of depositional age. This “age distribution fingerprint” is assessed in three distinct
Cenozoic to Proterozoic case-studies to demonstrate the tectonic resolution of the approach and
potential in refining views of basin evolution. The age distribution fingerprint offers the ability to
characterize sediment routing histories and investigate tectonic settings since the onset of

subduction related plate tectonics, even where stratigraphic constraints are lacking.
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Figure 1. Bivariate discrimination plot of active convergent and divergent/passive margin tectonic
settings applied to the Albany-Fraser Orogen case study. Sample symbols and kernel density
estimate age spectra are color coded according to their combined detrital fingerprinting metric value
in the legend. Greyscale italicized numbers represent sample numbers. Data sources - Clark et al.
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Zhang S R, Xiao J L, Xu Q H, et al., Regional precipitation variations during Heinrich events and
Dansgaard-Oeschger cycles in the northern margin of the East Asian summer monsoon region
[J]. Quaternary Sciences Reviews,2022,278,107380

https://doi.org/10.1016/j.quascirev.2022.107380
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ABSTRACT: Due to the scarcity of long, high-resolution paleoclimate records, the effects of abrupt
climatic events on regional climate variations in middle to high latitudes of East Asia are unclear.
We present a detailed pollen record for the past 35,000 years, with an AMS 'C chronology, from
Hulun Lake in northern China. The results reveal four episodes of regional vegetation change during

the Last Glaciation, characterized by increases in cold-resistant and drought-tolerant plants and
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decreased regional vegetation cover. These episodes coincided with Heinrich events (H3, H2 and
H1) and the Younger Dryas event (YD) that originated in the North Atlantic region. Additionally,
during the warm intervals of the Dansgaard-Oeschger (D-O) cycles and the Bolling-Allerad (B/A)
interstadial recorded in Greenland ice cores, patches of broadleaved deciduous forest expanded in
the surrounding mountains while typical steppe vegetation expanded in the vicinity of Hulun Lake.
Overall, the structure and amplitude of regional vegetation change in the Hulun Lake region during
abrupt climatic events differ from the registration of these events in the oxygen isotope records from
Greenland ice cores; however, they are similar to coeval stalagmite oxygen isotope records from
East Asia. Thus, we suggest that the regional climate variations were characterized by increased or
decreased precipitation during H events and D-O cycles in the Hulun Lake region, which was mainly
controlled by changes in the intensity of the East Asian summer monsoon (EASM). Our results
suggest that the variability of the EASM was physically linked to the North Atlantic climate system
on centennial- to millennial-scale. In addition, the amplitude of regional precipitation variations
during H events and D-O cycles was low during the interstadial of the Last Glaciation and the Last
Glacial Maximum; however, the amplitude of regional precipitation variations during H1 event and
B/A warming event was substantially greater during the Last Deglaciation. We suggest that
differences in NHSI and land surface conditions (ice sheets and sea level) were responsible for the
contrasting responses of EASM precipitation to these abrupt climatic events during different

intervals.
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Figure 1. (a) Map of East Asia showing the location of Hulun Lake and the sites mentioned in the text,
and the modern trajectories of the East Asia summer monsoon (EASM) and the Indian summer onsoon
(ISM). (b) Topographic map of the Hulun Lake region. (c) Satellite image of Hulun Lake showing the

location of core HL08. The bathymetric survey of the lake was conducted in July 2005 (contours in m)

(the satellite image is from https://www.arcgis.com).
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Figure 2. Variation of pollen ecological groups, pollen concentrations and PCA axis-1 sample scores for
core HLO8 during the past 35,000 cal yr BP. H events and D-O cycles are indicated by yellow and red
shading, respectively, which are based on a comparison with the GISP2 Greenland ice core oxygen
isotope record (Stuiver and Grootes, 2000) and composite Chinese speleothem oxygen isotope records
(Cheng et al., 2016). “*” indicates an exceptionally strengthened East Asian summer monsoon event
recorded in the speleothem oxygen isotope record from Hulu cave (Wu et al., 2009). (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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Stepka Z, Azuri I, Horwitz L, et al. Hidden signatures of early fire at Evron Quarry (1.0 to 0.8
Mpya) [J]. PNAS, 2022, 119(25):e2123439119.

https://doi.org/10.1073/pnas.2123439119
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ABSTRACT: Pyrotechnology is a key element of hominin evolution. The identification of fire in
early hominin sites relies primarily on an initial visual assessment of artifacts physical alterations,
resulting in potential underestimation of the prevalence of fire in the archaeological record. Here,
we used a suite of spectroscopic techniques to counter the absence of visual signatures for fire and
demonstrate the presence of burnt fauna and lithics at the Lower Paleolithic (LP) open-air site of
Evron Quarry (Israel), dated between 1.0 and 0.8 Mya and roughly contemporaneous to Gesher
Benot Ya’aqov where early pyrotechnology has been documented. We propose reexamining finds
from other LP sites lacking visual clues of pyrotechnology to yield a renewed perspective on the
origin, evolution, and spatiotemporal dispersal of the relationship between early hominin behavior

and fire use.
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Figure 1. Faunal assemblage. (A) Photographic visualization of the whole analyzed faunal
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Gili, S., Vanderstraeten, A., Chaput, A. et al. South African dust contribution to the high southern

latitudes and East Antarctica during interglacial stages [J]. Commun Earth Environ 3,129 (2022).

https://doi.org/10.1038/s43247-022-00464-z
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ABSTRACT: Mineral dust is a natural tracer of atmospheric composition and climate variability.
Yet, there is still much to be known about the Southern Hemisphere dust cycle. Major efforts have
attempted to solve the puzzle of the origin of the potential source areas contributing dust to the
Southern Ocean and East Antarctica. Here we present a comprehensive geochemical
characterization of a source area, whose role as a dust supplier to high latitude environments has
significantly been underestimated. Sediments collected within the major dust-producing areas along
the Namibian coast in Southern Africa (Kuiseb, Omaruru and Huab river catchments and the Namib
Sand Sea region), were analyzed for radiogenic isotope ratios and rare earth element concentrations.
We find that during warm periods, the Southern African dust signature can be found in archives of
the Southern Hemisphere, especially in the Atlantic sector of the Southern Ocean and peripheral

areas of the East Antarctic plateau.
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Figure 1. Geographical and climatological characterization of Southern Africa Potential dust source
areas. a satellite image of dust plumes originated off the coast of Namibia captured in May 2013 by
The Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA’s Terra satellite showing
the study areas of Huab, Omaruru, Kuiseb and the Nambia Sea Sand. The hydrographic Huab,
Omaruru and Kuiseb systems are indicated by the blue lines. b map of southwestern Africa showing
the major features of the regional climate system. Main oceanic currents are indicated in bold green
arrows and atmospheric circulations in red (south easterly trade and westerlies winds) and yellow
(Berg winds). BC: Benguela Current; ACC: Antarctic Circumpolar Current; AC: Aghulas Current.
The map in Fig. b was built using Google Earth Pro, Image Landsat/Copernicus; Data: SIO, NOAA,

U.S Navy, NGA, GEBCO, 13 December 2015.
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Xu X, Qiang X, Li X, et al. Determination of the optimized late Pleistocene chronology of a
lacustrine sedimentary core from the Heqing Basin by geomagnetic paleointensity and its
paleoclimate significance[J]. Catena, 2022, 212: 106095.

https://doi.org/10.1016/j.catena.2022.106095
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ABSTRACT: Long and continuous lacustrine sedimentary sequences from SW China faithfully
recorded the evolution of the Indian summer monsoon (ISM). However, the limited dating range
(<50 ka) of '*C dating has restricted high-resolution research on the last glacial cycle.

We presented a relative paleointensity (RPI) record from a lacustrine sedimentary core from the
Heging Basin to optimize its AMS '“C chronology. Detailed rock magnetic analyses indicated that

SD and vortex state magnetite (and/or maghemite) was the dominant magnetic mineral of lacustrine
17
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sediments. Moderate variations in concentration-dependent (SIRM, ARM) and grain-size-

dependent (ARM/SIRM) parameters satisfied the criteria for the RPI studies. Consequently, we

determined the RPI by NRM20.40 m1/SIRM20-40 m1, Where NRMao.40 mr denotes the NRM after

demagnetization between 20 and 40 mT. Using 6 AMS 14C dates younger than 40 ka BP as

constraints, 7 age control points were determined by correlating the lows in the RPI record with

those of the target paleointensity stacks PISO-1500. We established a reliable chronological

framework of the upper 11.1 m of the HQ drill core by binomial fitting based on the 7 RPI age

control points and the climatic transition termination 1. The consistent variations in our RPI curve

and other global target paleointensity curves indicated that the optimized chronology was reliable.

In our optimized chronology, the visible precession cycle in ARM/SIRM indicated that the ISM was

a direct response to solar insolation during the last glacial cycle. The strong ISM suggested by the

high content of Mesic conifers and tropical and subtropical trees during MIS 3 shifted to MIS 5a.

Thus, the “MIS 3 Mega-paleolake™ hypothesis in China, which was mainly deduced by the '*C age

model, was challenged.
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Figure 1. Correlation of the PRI record from the HQ drill core with global target RPI stacks. a) PRI

record from the HQ drill core; b) PISO-1500; c) NOPAPIS-250; d) Sint-200; ) SFK-1 (ECS); f)

PIS (SCS). The dashed blue lines indicate the consistent tie points.
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Tarduno J A, Cottrell R D, Lawrence K, et al. Absence of a long-lived lunar paleomagnetosphere[J].
Science Advances, 2021, 7(32): eabi7647.

https://doi.org/10.1126/sciadv.abi7647
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ABSTRACT: Determining the presence or absence of a past long-lived Iunar magnetic field is
crucial for understanding how the Moon’s interior and surface evolved. Here, we show that Apollo
impact glass associated with a young 2 million—year—old crater records a strong Earth-like
magnetization, providing evidence that impacts can impart intense signals to samples recovered
from the Moon and other planetary bodies. Moreover, we show that silicate crystals bearing
magnetic inclusions from Apollo samples formed at ~3.9, 3.6, 3.3, and 3.2 billion years ago are
capable of recording strong core dynamo-like fields but do not. Together, these data indicate that
the Moon did not have a long-lived core dynamo. As a result, the Moon was not sheltered by a
sustained paleomagnetosphere, and the lunar regolith should hold buried 3He, water, and other

volatile resources acquired from solar winds and Earth’s magnetosphere over some 4 billion years.
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Lunar magnetic and impact history
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Figure 1. Lunar magnetic and impact history. Reported field strength measurements from select Apollo
samples (table S5) shown as follows: gray filled circles, nonthermal methods; open circles, no evidence
for primary remanence, interpreted as magnetic contamination or results of magnetic interactions/phase
changes during analysis; black squares, data based on thermal analyses. All sample numbers are listed
except the following: 1, 68815 (open circle); 2, 62235; 3, 72215; 4, 75055; 5, 60015 (black square); and
6, 15016. Blue diamonds, thermal analysis values (this work). The right axis shows field impactor radius
(R) capable of generating the field intensities by magnetizations induced by charge separation. Radius (r)
values shown by dashed lines are field values at r = 50R. The shaded region reflects the degree of crustal

impact saturation (see Materials and Methods).
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Lofverstrom M, Thompson D M, Otto-Bliesner B L, et al. The importance of Canadian Arctic
Archipelago gateways for glacial expansion in Scandinavia [J]. Nature Geoscience, 2022.

https://doi.org/10.1038/s41561-022-00956-9
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ABSTRACT: The last glacial cycle began around 116,000 years before present during a period with
low incoming solar radiation in Northern Hemisphere summer. Following the glacial inception in
North America, the marine sediment record depicts a weakening of the high-latitude ocean
overturning circulation and a multi-millennial eastward progression of glaciation across the North
Atlantic basin. Modelling studies have shown that reduced solar radiation can initiate inception in
North America and Siberia; however, the proximity to the temperate North Atlantic typically
precludes ice growth in Scandinavia. Using a coupled Earth-system-ice-sheet model, we show that
ice forming in North America may help facilitate glacial expansion in Scandinavia. As large
coherent ice masses form and start filling the ocean gateways in the Canadian Archipelago, the
transport of comparatively fresh North Pacific and Arctic water through the archipelago is diverted
east of Greenland, resulting in a freshening of North Atlantic deep convection regions, sea-ice

expansion and a substantial cooling that is sufficient to trigger glacial inception in Scandinavia. This
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mechanism may also help explain the Younger Dryas cold reversal and the rapid regrowth of the

Scandinavian Ice Sheet following several warm events in the last glacial period.
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Figure 1. a, Global sea-level change’, top-of-atmosphere insolation at 65° N at June solsticel and
CO; concentration’!. b—e, Data from North Atlantic sediment cores. Coloured lines in b—e depict
SST (red), IRD (black), abundance of Neogloboquadrina pachyderma sinistral (N. pach. (s); blue),
a planktonic foraminifera indicator species for polar waters and its §!*C variations (8'3C N. pach.
(s); green). Positive/negative 8'*C N. pach. (s) indicates dominance of Arctic water (ArW)/Atlantic
water (AtIW), respectively. Panels depict data from the western (cores CH69-K09 and EW9302-
JPC2; ref. ©) (b), northeastern (core MD99-2304; refs. ¢7-%) (¢), eastern (core MD95-2010; refs. 7%)
(d) and east-central (core ODP 980; refs. ®!9) (e) North Atlantic, respectively. Proxy-data sites are
indicated in the top right corner. Discontinuous lines in b—d are due to missing data in the proxy

datasets. Maps generated using Cartopy with Natural Earth shapefiles.
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Nissen C, Timmermann R, Hoppema M, et al. Abruptly attenuated carbon sequestration with
Weddell Sea dense waters by 2100 [J]. Nature Communications, 2022, 13, 3402.

https://doi.org/10.1038/s41467-022-30671-3
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ABSTRACT: Antarctic Bottom Water formation, such as in the Weddell Sea, is an efficient vector
for carbon sequestration on time scales of centuries. Possible changes in carbon sequestration under
changing environmental conditions are unquantified to date, mainly due to difficulties in simulating
the relevant processes on high-latitude continental shelves. Here, we use a model setup including
both ice-shelf cavities and oceanic carbon cycling and demonstrate that by 2100, deep-ocean carbon
accumulation in the southern Weddell Sea is abruptly attenuated to only 40% of the 1990s rate in a
high-emission scenario, while the rate in the 2050s and 2080s is still 2.5-fold and 4-fold higher,
respectively, than in the 1990s. Assessing deep-ocean carbon budgets and water mass
transformations, we attribute this decline to an increased presence of modified Warm Deep Water
on the southern Weddell Sea continental shelf, a 16% reduction in sea-ice formation, and a 79%
increase in ice-shelf basal melt. Altogether, these changes lower the density and volume of newly

formed bottom waters and reduce the associated carbon transport to the abyss.
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Figure 1. Sketch illustrating the major processes involved. a Water depth in m below the ocean
surface in the Weddell Sea and a schematic view of the general two-dimensional circulation in the
area. The transect SR4 of the World Ocean Circulation Experiment is marked in mint, and different
water masses are distinguished by colors. b Typical section from the Antarctic continent to the
transect SR4, with general features of the overturning circulation sketched in black. Highlighted in
blue are surface water mass transformations by buoyancy fluxes, and carbon fluxes are marked in
green. CDW Circumpolar Deep Water, WDW Warm Deep Water, WSDW Weddell Sea Deep Water,

WSBW Weddell Sea Bottom Water, DSW Dense Shelf Water, POC particulate organic carbon.
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Figure 2. Sketch illustrating the simulated changes over the 21st century in the high-emission

scenario. Compared to the 1990s, deep-ocean carbon sequestration in the southern Weddell Sea is
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reduced by 60%, which is largely attributed to a reduction in the physical transport of carbon to the
abyss. In particular, sea-ice formation is reduced by 16%, and ice-shelf basal melt increases by 79%,
which both act to decrease the density of water on the continental shelf. Despite the 10-fold increase
in oceanic CO; uptake and a 47% increase in sinking fluxes of biotic particles (POC), the decline in
physically-driven downward transport dominates, as newly formed lighter dense waters on the
continental shelf are transferred to shallower depths in the 2090s, reducing carbon accumulation in
the deep ocean. In the sketch, font sizes and arrow thicknesses in the 2090s are scaled to

approximately represent the magnitude of the simulated processes or fluxes.
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Yao L, Jiang G, Mii H, et al. Global cooling initiated the Middle-Late Mississippian biodiversity
crisis[J]. Global and Planetary Change, 2022: 103852.

https://doi.org/10.1016/j.gloplacha.2022.103852
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ABSTRACT: During the Mississippian period, metazoan reefs and other marine faunas gradually
recovered from the Late Devonian mass extinctions and reached a peak in the late Visean (~334—
332Ma). Faunal diversity started to decline from the latest Visean (~332-330Ma) through
Serpukhovian (~330-323Ma), with significant genera/species losses and ecosystem reconstruction.
This Middle-Late Mississippian biodiversity crisis (M-LMBC) was thought to have been caused by
global cooling associated with the late Paleozoic Ice Age (LPIA), but existing sedimentological and
temperature proxy data suggest that the global cooling event—that marks the onset of the main

glaciation phase of LPIA—happened either ~4 Myr before or ~ 1-5Myr after the initial biodiversity
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decline at ~332Ma. Here, we report oxygen isotope data of diagenetically screened, well-preserved
brachiopod calcite (8'30calcite) from late Visean-Serpukhovian (or Middle-Late Mississippian; ~334—
323Ma) strata in South China where biodiversity data are well documented. The §'¥Ocarcite data
reveal a ~2.0%o positive shift from —4.6 + 0.2%o to —2.7 & 0.5%o0 with an estimated ~4.7-5.5°C drop
in sea surface temperature (SST) during ~332.5-331.5Ma in the late Visean. This cooling event
coincides with fast decline of metazoan reef abundance, followed by decrease of benthic faunal
diversity. The 8'8Ocarcite data, in combination with calibrated sedimentological and biodiversity data,
demonstrate the coupling between late Visean (~332Ma) onset of the main glaciation phase of the

LPIA and initiation of the M-LMBC.
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Figure 1. Late Visean-Serpukhovian 8"Ceaicite, 8'*Ocalcite, and Mg/Ca variations of well-preserved
brachiopods (yellow circle) from the Yashui and Gandongzi sections in South China. The solid line
and shaded area in each panel represent the LOWESS cure and variation range (+1c), respectively.
For comparison, isotope data of altered brachiopods and limestone matrix are also plotted but they
are not used to construct the temporal isotope curves. B: Boundstone; R: Rudstone; G: Grainstone;
P: Packstone; W: Wackestone; M: Mudstone; S: Shale. (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 2. Correlation of isotopic, sedimentary, and marine ecosystem changes from the late Visean

28



to Serpukhovian. The solid line and shaded area of 7St/®0Sr, 8"3Ccatcite, 8'®Ocalcite, and SST represent
the LOWESS cure and variation range (+10), respectively. The numerical ages are from Aretz et al.
(2020). The ¥7Sr/3Sr data are from Brand et al. (2009), Bruckschen et al. (1995, 1999), and Chen et
al. (2018). The 8" Ceaicite and 8" Ocalcite data in yellow (mean value) are from this study, and in gray
are from Armend ariz et al. (2008), Bruckschen et al. (1999), Bruckschen and Veizer (1997), Mii et
al. (1999, 2001) and Popp et al. (1986). The SST is reconstructed using the equation in Hays and
Grossman (1991). Sea-level profiles are from Chen et al. (2019) and Eros et al. (2012). Glacial
records are from Fielding et al. (2008) and Valdez Buso et al. (2020). Metazoan reef abundance and
faunal diversity are from Groves et al. (2012) and Yao et al. (2020). The bold, red arrow marks the
onset of major phase of LPIA recorded by 8'80carcite 0f brachiopods and the thin, tan arrows mark
the changes in reefs and benthic fauna. The yellow shaded bar indicates the relationship between
isotopic, sedimentary, and marine ecosystem changes during the onset of the main glaciation phase

of the LPIA around ~332 Ma. E: Early; L: Late; LPIA: late Paleozoic Ice Age.
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