Sci. Dril., 35, 171-192, 2026

https://doi.org/10.5194/sd-35-171-2026 Sﬂie“tiﬁﬂ ]]ri"i“g

© Author(s) 2026. This work is distributed under
the Creative Commons Attribution 4.0 License.

Open Access

GRIND-ECT: geological research through integrated
Neoproterozoic drilling — Ediacaran—Cambrian transition

Catherine V. Rose', Simone A. Kasemann?, Francis A. Macdonald’, Melanie Mesli',
Andreas Nduutepo®, Ricardo Trindade’, Maoyan Zhu®, and Anthony R. Prave'

1School of Earth and Environmental Sciences, University of St Andrews, St Andrews, KY16 9TS, Scotland, UK
2Universitit Bremen, MARUM 1, 28359 Bremen, Germany
3Department of Earth Sciences, University of California-Santa Barbara, Santa Barbara, CA 93106, USA
“Regional Geoscience Division, Geological Survey of Namibia, Windhoek, Namibia
SInstituto de Astronomia, Geofisica e Ciencias Atmosfericas, Universidade de Sdo Paulo, Sdo Paulo, Brazil
®Nanjing Institute of Geology and Paleontology, Nanjing 210008, China

Correspondence: Catherine V. Rose (cvr@st-andrews.ac.uk)

Received: 7 July 2025 — Revised: 4 January 2026 — Accepted: 26 January 2026 — Published: 21 September 2026

Abstract. GRIND (Geological Research through Integrated Neoproterozoic Drilling), sponsored by the Inter-
national Continental Scientific Drilling Program (ICDP), aims to create a core archive of the Neoproterozoic
Era via three phases: Tonian (GRIND-TON), Cryogenian (GRIND-CRY), and Ediacaran—Cambrian Transition
(GRIND-ECT). The latter is the first phase undertaken and focuses on the geological and biogeochemical con-
text of Late Ediacaran environmental perturbations and biological turnovers that culminated in the Cambrian
Explosion. Mixed siliciclastic—carbonate successions of Namibia, Brazil, and China were chosen as GRIND-
ECT targets. Here we report on the completed Namibian and Brazilian components. The Namibian stratigraphy
drilled consists of the Kuibis—Schwarzrand sub-groups of the late Ediacaran—early Cambrian Nama Group on
the western margin of the Kalahari craton in southern Namibia. These strata contain a rich record of Ediacaran
fauna, including Cloudina and related small calcifiers, and simple to complex trace fossils that inhabited envi-
ronments spanning shorelines to deeper-marine ramps. In addition, cores were drilled through the Late Ediacaran
Corumba Group in Brazil, which records a marine carbonate platform developed along the southeastern margin
of the Amazon craton. These units are marked by a transition from a rimmed shelf to a distally steepened ramp
and host the first appearance of Cloudina in Brazil and a myriad of acritarchs and trace fossils. Collectively, six
Namibian cores totalling 2379 m and two Brazilian cores totalling 306 m were drilled. All cores were split and
fully characterized and are housed at the Bundesanstalt fiir Geowissenschaften und Rohstoffe, Berlin—-Spandau,
Germany, and either at the Ministry of Mines in Windhoek, Namibia, or at the Universidade de Sao Paulo, Brazil.
Ongoing efforts are integrating stable isotope and redox-sensitive element geochemistry and U-Pb and Re—Os
geochronology throughout these cores, with detailed facies analyses to reconstruct the conditions under which
metazoa expanded; diversified; and, in some cases, went extinct. GRIND-ECT cores offer exceptional opportu-
nities to create and test hypotheses about the causes and consequences of Earth system transformation during the
evolution of animals.
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1 Introduction and background

In 2014, 44 scientists from 14 countries attended a workshop
at the British Geological Survey to define an ambitious re-
search initiative: GRIND — Geological Research through In-
tegrated Neoproterozoic Drilling (Condon et al., 2015). The
aim was to obtain a core archive of the finest rock records
through the Neoproterozoic Era (1000-538.8 &+ 0.6 Ma) that
record when metazoans first appeared and evolved (Love
et al., 2009; Erwin, 2015; Erwin et al., 2011), the rise of
marine planktonic algae (Brocks et al., 2017), and when
biomineralization became widespread (Wood and Zhuravleyv,
2012; Darroch et al., 2018). Furthermore, a supercontinent
broke apart, and a new one formed (Li et al., 2008); ma-
rine oxygen concentrations rose to near-present-day levels
(Reinhard et al., 2016; Cole et al., 2020); the global car-
bon cycle underwent high-amplitude fluctuations (Halver-
son et al., 2010); and ice covered the Earth during two
Snowball Earth glaciations (Hoffman et al., 2017). In 2018,
the International Continental Scientific Drilling Program
(ICDP) accepted GRIND and its three-phased programme:
GRIND-ECT - Ediacaran—Cambrian Transition and expan-
sion of animals (ca. 630-520 Ma); GRIND-CRY - Cryoge-
nian Snowball Earth and rise of animals (ca. 720-630 Ma);
and GRIND-TON - Tonian time and inception of the Cryo-
genian (ca. 1000-720 Ma). The Central Science Team and
participating scientists at the initial ICDP workshop made
the unanimous decision to undertake GRIND-ECT first, fol-
lowed by GRIND-CRY and then GRIND-TON.

Three successions were identified for GRIND-ECT: the
Nama Group in Namibia, the Corumb4 Group in Brazil,
and the Yangtze Platform of South China. These successions
are ideal for Ediacaran stratigraphy because they preserve
thick, laterally continuous sequences with minimal struc-
tural disturbance, as well as datable volcanic horizons, en-
abling high-resolution chemostratigraphic, palaeontological,
and geochronological correlation. This report highlights the
drilling activities and outcomes of the Namibian and Brazil-
ian phases. A further report will detail the Chinese phase
upon completion. The Chinese phase has been hampered
by COVID-related delays and restrictions, but drilling com-
menced in early to mid-2024, targeting the Yangtze platform-
to-basin succession (e.g. Zhu et al., 2007; Xiao et al., 2013;
Fan et al., 2018; Yang et al., 2021).

2 Scientific questions and objectives

The appearance and diversification of animals ca. 650—
500 million years ago constitute one of the most profound
episodes in the evolution of Earth’s ecosystems. Coined
by Darwin as the “Cambrian Explosion”, its genesis has
intrigued scientists since the publication of the Origin of
Species (1859). The key objectives of GRIND-ECT are to de-
termine the style, tempo, mode, and biogeochemical causes
and consequences of the “long fuse” to the Cambrian Explo-
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sion, considered by many to be one of science’s great unre-
solved challenges (Erwin et al., 2011). GRIND-ECT cores
will give researchers the required geological, geochemical,
geobiological, and geochronological dataset to obtain the
necessary stratigraphic completeness, sufficient palacogeo-
graphic distribution, and ability to create a sufficiently fine
temporal resolution to answer the fundamental questions sur-
rounding the lead up to and genesis of the Cambrian Explo-
sion:

— What were the temporal and spatial patterns of marine
oxygenation; what processes may have driven them:;
and, collectively, do they represent a Neoproterozoic
oxygenation event?

— What were the timing, duration, and causal mechanisms
for the large-amplitude C-isotope excursions that mark
Ediacaran and early Cambrian strata?

— What were the timing and rates of the advent, expan-
sion, and extinction of Ediacaran biota?

— What were the environmental context and timing for
changing skeletal mineralogy and diversification of
biomineralizing metazoa?

— Is the Ediacaran—Cambrian boundary a synchronous,
worldwide biological event or a relatively lengthy
episode of progressive biological innovation?

3 Drilling operations

Giinzel Drilling was the contractor in Namibia that under-
took drilling and coring work in two phases in September—
November 2019 (1A-1G) and May 2022 (1H) (Table 1).
The skill of their team was outstanding, attaining > 95 % re-
covery for more than 2379 m of HQ core, averaging 50 m
of core per day, using re-circulated water mixed as a lubri-
cant and avoiding chemical-based fluids, restoring drill sites
to exceptional environmental conditions, and organizing lo-
gistical support. The Namibian Geological Survey helped in
procuring permit applications and staff to help at drill sites.
Six cores and all on-site scientific work was achieved in 12h
shifts per day with three scientists on site at any time during
the operational phase. The core-handling procedure was con-
ducted following a set workflow by the drilling team and on-
site science team (Fig. 1). The Namibian phase was chosen
for transitioning ICDP’s database system DIS (Drilling In-
formation System) to mDIS. Together, ICDP colleagues and
GRIND researchers oversaw the field-based installation and
initial testing of the DIS-mDIS systems. There was no on-site
sampling of the drill core.

Roquesonda was the contractor that undertook drilling and
coring work in Brazil. The team attained > 95 % recovery
for the 306 m of HQ core using re-circulated water mixed
as a lubricant and avoiding chemical-based fluids (Table 2).

https://doi.org/10.5194/sd-35-171-2026



C. V. Rose et al.: GRIND-ECT

173

Table 1. Drill site localities for the Kuibis and Schwarzrand sub-groups, southern Namibia.

Hole Site Latitude, longitude Core length ~ Units recovered

(m)
1A Tierkloof —27.40648, 16.73775 563.78 lower Huns, Nasep, Nudaus, upper Mooifontein
1B Swartpunt South  —27.49249, 16.74445 518.15 lower Spitskop, Feldschuhorn, upper and middle Huns
1C Swartpunt North ~ —27.46454, 16.69272 abandoned after 57 m due to karst cavity
1D Swartpunt —27.46454, 16.69489 272.83  upper and middle Spitskop
1E Tierkloof West —27.41455, 16.73005 abandoned after 12 m due to side-wall collapse
IF Tierkloof South ~ —27.42929, 16.74651 167.91  lower Huns
1G Anib —27.26613, 16.41527 272.48 lower Mooifontein, Aar, Kliphoek, Mara, Kanies,

Namaqua basement

1H Orange River —28.68410, 17.53316 515.04  uppermost through middle Spitskop

SCIENTIST 3

Core handover from drillers
Measuring and marking of cores,
estimation of core recovery
Photograph core box

Transfer core box to
logging workbench

310D [|Up 3y} Jo buibbo| [ed160]0jUBWIPaS

SCIENTIST 2
Data curation and input of

core box measurements ==
into mDIS

WHOLE TEAM
Y
( Packing core boxes for immediate storage at drill site )

Figure 1. Flowchart illustrating the GRIND-ECT drill core pro-
cessing workflow at the drill sites in Namibia and Brazil.

The same on-site scientific workflow used in Namibia was
adopted for the two Brazil drill sites (Fig. 1). For all drill
sites, the boreholes were drilled perpendicular to bedding,
and no core orientation was performed. Measured depth can
be considered to be broadly equivalent to true stratigraphic
thickness. No geophysical logging was conducted in either
project. The well-constrained, “layer-cake” stratigraphy —
supported by extensive outcrops, detailed measured sections,
and prior mapping — already provided a robust framework,
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and additional downhole geophysical data were not neces-
sary for meeting the project’s scientific objectives.

All cores from Namibia and Brazil were shipped to the
Bundesanstalt fiir Geowissenschaften und Rohstoffe (BGR)
core archive in Berlin—-Spandau, Germany. As part of the
GRIND agreement, split halves of those cores will be re-
turned to home nations for in-country training and future
study. The first core characterization and sampling party
(August—September 2022) involved 28 researchers and the
collection of 2794 samples for a broad suite of geochemi-
cal, micropalaeontological, and geochronological analyses.
These include high-resolution core imagery; stable isotope
measurements (C, N, S, Sr, U, Ca, B, Cr, K, Li, Mo, Mg,
P); total organic carbon (TOC) and/or total inorganic car-
bon (TIC); major, trace, and rare earth element (REE) geo-
chemistry; Fe and P speciation; detrital zircon and ash-
bed geochronology; carbonate dating; palacomagnetism and
magnetic susceptibility; and micropalaeontology. A further
two sample parties were run to obtain additional higher-
resolution geochemical data (May 2023 and September
2024).

4 Summary of drilling and core characterization
activities — Namibia

The lower part of the Nama Group, the Kuibis—Schwarzrand
rocks in the Witpiitz Sub-basin, was the target of GRIND-
ECT in Namibia (Fig. 2). Since the early 20th century, these
rocks were known to contain a rich record of simple to com-
plex trace fossils, small shelly fossils, and impressions of
large soft-bodied organisms (Ediacara fauna) that predate the
first marine invertebrates (Germs, 1972; Grotzinger et al.,
1995; Narbonne et al., 1997; Jensen et al., 2000; Wood et
al., 2019; Darroch et al., 2016, 2021, 2025). The succession
also records carbonate carbon isotope and redox-sensitive
element ratio excursions that have been related to biogeo-
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Table 2. Drill site localities in the Corumbé Group, Brazil.
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Hole Site Latitude, longitude

Core length

Units recovered

(m)

3A Sobramil Harbor
3B Corcal Mine

—19.00100, —57.61967
—19.01846, —57.68416

183.1  Bocaina Fm, Tamengo Fm
122.6  Bocaina Fm, Tamengo Fm, Guaicurus Fm

chemical linkages between global ocean redox state, ocean—
atmosphere oxygenation levels, and animal evolution (Saylor
et al., 1998; Wood et al., 2015, 2019; Darroch et al., 2020;
Bowyer et al., 2022; Nelson et al., 2022). Furthermore, nu-
merous volcanic tuffs enable detailing of the timings, rates,
and durations of, as well as the creation of an age model for,
the biological and geochemical events of the late Ediacaran—
early Cambrian time (Linnemann et al., 2019; Bowyer et al.,
2022; Nelson et al., 2022). Equally important criteria were
those for de-risking drilling. Strata in the Witpiitz Sub-basin
are flat lying to gently dipping, with minimal deformation,
most of which is in the form of widely spaced sub-vertical
normal faults (Fig. 3). These traits minimized uncertainty
about drilling subsurface targets. Further, proximity of ex-
cellent surface outcrops to the drill sites enables the linking
of cores to geological and sedimentary features that can be
identified and mapped over large areas, thereby giving confi-
dence to core-based descriptions and interpretations.

4.1 The Nama Group

The Nama Group is a siliciclastic—carbonate succession 2—
3km thick that was deposited mostly as a foreland basin
fill. The basin formed during the 560-530 Ma Damaran and
Gariep orogenies, part of the Pan-African amalgamation of
Gondwana marked by the arc-collision of terranes in the
Dom Feliciano belt, followed by continent—continent colli-
sions of the Congo, Rio de la Plata, and Kalahari cratons
(Germs, 1983; Saylor et al., 1998; Grotzinger and Miller,
2008; Gray et al.,, 2008). The Nama Group rests uncon-
formably on the 1.3-1.0 Ga Namaqua metamorphic com-
plex and the 0.8-0.6 Ga Port Nolloth Group and infills a
palaeotopographic relief that divides the basin into the north-
ern Zaris and southern Witpiitz sub-basins, separated by
the Osis Arch (Fig. 2¢). The basal deposits (Kanies Mem-
ber of the Dabis Formation), typically a few tens of metres
thick, are feldspathic—quartzitic sandstones of fluvial—deltaic
systems formed along the Kalahari craton. These pass up-
ward into a 1-2 km thick succession (Dabis—Zaris—Nudaus—
Urusis formations) of orogen-derived flysch (fine-grained
sandstone, shale) interfingering with basinward-prograding,
shallow-marine carbonate ramps. In turn, those rocks give
way to a ca. 1 km thick, late- to post-orogenic basin-filling
molasse of fluvio-deltaic siliciclastic rocks (Fish River Sub-

group).
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Age constraints are based on U-Pb dating of zircon from
syn-depositional volcanic tuffs interpreted as airfall ashes.
The precise position of the Ediacaran—-Cambrian boundary
in the Nama Group remains debated, with younger tuff ages
in the Nomtsas and the possibility that the FAD of Trep-
tichnus pedum lies at the base of the Fish River Sub-group
(Nelson et al., 2026). However, the Spitskop Member was
chosen as the stratigraphically highest unit for drilling be-
cause, at the time the project was funded in 2019, it repre-
sented the youngest stratigraphy that could be reliably corre-
lated with underlying units. The currently youngest dated tuff
has a UZ-Pb?"® zircon age of 538.57 4 0.01 Ma and occurs
near the top of the Spitskop Member in the Neint Nababeep
Plateau in nearby South Africa (Nelson et al., 2022). This
age concurs with those of 539.64 +0.19 Ma (Bowyer et al.,
2022) and 538.99 +0.21 Ma (Linnemann et al., 2019) ob-
tained for tuffs in correlative strata in the Witpiitz Sub-basin.
The exact correlation of these tuffs remains uncertain; tuffs
recovered in the GRIND-ECT cores will help refine these
age models. The oldest tuff sampled from strata in the Wit-
piitz Sub-basin is in the lower Huns Member and yielded a
U236_pp2%8 zircon age of 539.63 +0.15Ma (Nelson et al.,
2022), whereas the currently oldest known tuff is in the Zaris
Sub-basin, dated at 547.36 + 0.23 Ma (Bowring et al., 2007).
Based on C-isotope correlations, that age has been extrapo-
lated to the lower part of the Nudaus Formation in the Wit-
plitz Sub-basin (Hall et al., 2013; Elliott et al., 2016).

Late Ediacaran carbon isotope records show several glob-
ally recognized excursions — most notably the BACE (Basal
Cambrian Excursion) and, less consistently, the ENCE
(Ediacaran Negative Carbon Excursion) — that bracket the
terminal Ediacaran to earliest Cambrian interval just be-
fore the formally defined Ediacaran—Cambrian boundary
(~541Ma). The BACE is characterized by a §!3C nadir
of roughly —5 %o to —10%o before recovery, and its low-
est values consistently predate the FAD of Treptichnus pe-
dum, coinciding with major biotic turnover. The ENCE oc-
curs slightly earlier in the late Ediacaran and is typically
characterized by 8'3C values ranging from —5 %o to —12 %o,
often associated with regional facies changes and the de-
cline of certain Ediacaran taxa. In the Nama Group, corre-
lations hinge on where these excursions appear or are ab-
sent, and the lack of a clear BACE in the Schwarzrand Sub-
group has been used to suggest that the E-C boundary may
lie higher in the succession than traditionally assumed. Car-
bon isotope chemostratigraphy of the Kuibis—Schwarzrand

https://doi.org/10.5194/sd-35-171-2026
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Figure 3. (a) Flat-lying Kuibis Sub-group (on tilted Namaqua metamorphic complex) and (b) Schwarzrand rocks. (¢) Sub-vertical planar
normal fault (left centre of photo). These structures occur on many-km-scale spacings and remain planar into the subsurface; thus they can

be identified and avoided when drilling.

carbonate rocks (Fig. 2b) has been used in interpretations of
the Ediacaran global carbon cycle, marine oxygenation, and
mass balance between organic productivity and organic car-
bon burial (e.g. Wood et al., 2015; Cole et al., 2020; Nel-
son et al., 2022). Further, efforts utilizing C-isotope profiles
as a means of establishing global correlations have high-
lighted the negative-to-positive trend in the Mara Member
as a potential rising limb linked to the Shuram—Wonoka ex-
cursion of late Ediacaran time (e.g. Saylor et al., 1998; Wood
et al., 2015), but this linkage remains to be tested. In sec-
tions worldwide, negative carbonate—carbon isotope excur-
sions frame the Ediacaran—Cambrian boundary (e.g. Brasier
et al., 1996; Zhu et al., 2007; Wood et al., 2019). Although
radiometric ages and palaeontological trends suggest that the
uppermost strata of the Spitskop Member may contain that
boundary (Grotzinger et al., 1995; Linnemann et al., 2019),
the accompanying excursions have not yet been identified.
This raises questions about the global-versus-regional nature
of those C-isotope excursions and their utility in basin-to-
basin correlations (Nelson et al., 2022). The continuous rock
record obtained by GRIND-ECT cores offers a means of cre-
ating a more finely resolved C-isotope chemostratigraphy in
the context of a high-resolution age model.

4.2 GRIND-ECT cores 1A through 1G

The six correlated cores through the Kuibis and Schwarzrand
strata (Figs. 4-10) were characterized in detail in the field
and at BGR, where the cores were split and scanned. All
the stratigraphic and sample data are stored in ICDP’s DIS
system, and the core scans and analytical data are hosted
on ICDP’s website for access by GRIND-ECT researchers.
Once the moratorium period ends (September 2025), these
data will become open access to researchers worldwide. The
drilling programme was designed to ensure that the cores
overlapped (Fig. 2b, c). The only exception was the Mooi-
fontein Member for which, due to accessibility issues and
water shortages, only the lowermost and uppermost strata
were cored and ca. 90 m of intervening stratigraphy was not
drilled (see Fig. 4 for stratigraphic correlations).

Sci. Dril., 35, 171-192, 2026

The oldest strata are captured in core 1G. The cored sec-
tion starts in the basal Mooifontein Member and descends
through the quartzite—shale—limestone of the fossil-bearing
(soft-bodied macrofossils, calcitized small shelly fauna, sim-
ple traces) Aar, Kliphoek, and Mara members and the sand-
stone and shale of the Kaines Member to intersect the un-
conformable contact on the Namaqua metamorphic complex.
Core 1A recovers grey to black shale and quartzites of the
Nasep Formation and Nudaus Member ending in the up-
per part of the Mooifontein limestone. These shales typi-
cally weather green and lilac in outcrops, suggesting that
this core may be an ideal target for Re—Os dating. Cores
1B, 1D, 1F, and 1H span the youngest stratigraphic units
consisting of fossil-bearing (Cloudina, Namacalathus, com-
plex traces, Ediacaran biota) limestones—micrites—shales of
the Huns and Spitskop members separated by the green-grey
shale of the Feldschuhorn Member. These members also con-
tain interbedded tuffs, key targets for U-Pb zircon dating.

Core 1G — Anib (Fig. 5). This core is 272.48 m in length
and recovers the oldest strata of the Nama Group. Overly-
ing the unconformable contact on the Namaqua metamor-
phic complex, these are the mixed siliciclastic—carbonate
rocks of the Kanies, Mara, Kliphoek, Aar, and lowermost
Mooifontein members of the Kuibis Sub-group. This lower
part of the Nama Group defines a succession that alter-
nates between carbonate- and siliciclastic-dominated units.
In outcrop, arkosic sandstone of the Kanies Member dis-
plays abundant trough cross-bedding with W-directed sed-
iment transport directions and some bedding surfaces with
desiccation cracks. Both observations support the infer-
ence that those rocks are mostly of fluvial origin (Say-
lor et al., 1995). The overlying Mara, Kliphoek, and Aar
members consist of an interfingering mosaic of cross-
bedded peloidal-ooidal-intraclastic grainstone—packstone—
wackestone exhibiting ribbon rock and planar-wavy—crinkly
lamination and lesser cross-bedded to planar-laminated fine-
to coarse-grained quartzites. Bedding thickness varies from
the centimetre to decimetre scale, and thin quartzite beds
exhibit sharp bases and fining—upward grading. Calcite-
replaced evaporite pseudomorphs (cauliflower blebs, incip-
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GRIND-ECT COMPOSITE STRATIGRAPHY
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ient chicken wire fabric) of former sulfate minerals are
present in the Mara Member (its lower part is dolomitized)
and appear as relict structures in the finer-grained upper part
of the Kanies Member. Combined, the facies features are in-
dicative of shallow sub-tidal inner-mid ramp and, in places,
inter-tidal settings.

Core 1A — Tierkloof (Fig. 6). This core is 563.78 m in
length and recovers the siliciclastic-dominated part of the
lower Schwarzrand Sub-group that is mostly grey to black
shale and the fine sandstone—quartzite of the Nudaus Forma-
tion and Nasep Member of the Urusis Formation. This in-
terval records a consistently deeper, mid- to outer-ramp set-
ting. In the outcrop, it is marked by pastel-weathering shales
punctuated by ledge-forming metre-thick sandstone bodies
overlain by the bulbous weathering Nasep Quartzite; in many
places, the sandstone beds are hummocky and swaley strat-
ified (Saylor et al., 1995). In the core, the interval is domi-
nated by medium- to dark-grey and, less so, black shale with
varying proportions of thin-bedded, commonly graded fine-
grained quartzites. Intervals of flaser, lenticular, and pinstripe
bedding and, in many places, soft-sediment deformation and
centimetre-scale ptygmatically folded (compacted) injectite
features are present. The Nasep Member is mostly a flat-
to low-angle-laminated fine-grained quartzite with abundant
mud partings and drapes on laminae and can be interpreted
as a storm-influenced shallow-marine and shoreface deposit.

Core IF — Tierkloof South (Fig. 7). This core is 167.91 m
in length and stratigraphically links Cores 1A and 1B in the
carbonate-dominated Huns Member. See Core 1B (Swart-
punt South) for a summary facies description of that member.

Core 1B — Swartpunt South (Fig. 8). This core is 518.15m
in length and descends through the carbonate rocks of the
lower part of the Spitskop Member, the fine-grained silici-
clastic rocks of the Feldschuhorn Member, and the lime-
stones of the upper and middle Huns Member. See Core
1D (Swartpunt) for a summary description of the Spit-
skop Member. The Feldschuhorn Member is mostly green-
grey, millimetre- to centimetre-scale bedded fine sandstone
and siltstone marked by fine planar laminae, massive in-
tervals, and soft-sediment deformation. Minor interlayered
limestones are pastel coloured and range from laminated
fine grainstone to micrite, with the latter exhibiting traver-
tine or tufa textures. The Huns Member is dominated by
decimetre- to metre-thick intervals of interbedded fine- to
very-coarse-grained peloidal-ooidal—intraclastic grainstone—
packstone-wackestone, thrombolitic—clotted-textured lime-
stone, planar—wavy—crinkly laminae (microbialite), ribbon
rock, and dark-grey mudstone-micrite. In the outcrop, these
facies define variably developed depositional cycles. Com-
bined, the facies characteristics indicate deposition in outer-
to inner-ramp and possibly shoreface—shoreline settings.

Core 1D — Swartpunt (Fig. 9). This core is 272.48 m in
length and captures the carbonate rocks and fossil-rich strata
of the Spitskop Member, including tuffs that may help im-
prove age constraints on the Ediacaran—Cambrian bound-
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grey-red-green, fine to
coarse sandstone and

dark mudstone; wispy
green partings

pink-red-grey coarse
sandstone; basal
pebbly bed

Total depth 272.48 m

Figure 5. Summary section of GRIND-ECT Core 1G (Anib); circled letters to the left of the column show the stratigraphic position of the
core images. Cores are 63.5 mm in diameter (HQ). (a) Medium-grained to intraclastic low-angle cross-bedded grainstone. (b) Light-dark lam-
inated limestone and medium-grained, low-angle-laminated (hummocky?) quartzite. (¢) Thin-bedded laminated fine grainstone with flaser
bedding and mud-draped cross-laminae interbedded with dark micrite partings/layers; note soft-sediment deformation. (d) Cross-bedded,
light to red-grey, fine to coarse-grained quartzite; note mud drapes on cross laminae, reactivation surfaces, and possible bimodal cross-bed
sets. (e) Dark- to light-grey, fine-grained to intraclastic grainstone with cross-bedding and abundant calcitized evaporite pseudomorph fabrics.
(f) Green-grey dolomite and dark-grey fine-grained grainstone; note wispy soft-sediment deformation and presence of fluid pipes that likely
were responsible for dolomitization. (g) Green-grey mudstone with wispy laminae and medium- to coarse-grained quartzite bed; note relict
evaporite pseudomorphs. (h) Basal unconformity marked by cross-bedded pebbly to coarse-grained arkosic sandstone.
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Figure 6. Summary section of GRIND-ECT Core 1A (Tierkloof); circled letters to the left of the column show stratigraphic position of the
core images. Cores are 63.5 mm in diameter (HQ). (a) Graded decimetre-thick beds of peloidal-ooidal-intraclastic grainstone—packstone. (b)
Thin-bedded, medium to dark-grey, very-fine-grained quartzite and mudstone with centimetre-scale ptygmatically folded injectites. (c¢) Flat
to low-angle-laminated, fine- to medium-grained quartzite with mudstone partings. (d) Medium to dark-grey pyritic mudstone with pinstripe
and lenticular bedding. (e) Flaser—lenticular—pinstripe bedded medium- to dark-grey mudstone and cross-bedded fine sandstone. (f) Pyritic

black shale.
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GRIND-ECT Namibia 1F (Tierkloof South)
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Total depth 167.91 m

Figure 7. Summary sections of GRIND-ECT Core 1F (Tierkloof
South); circled letters to the left of the column show the strati-
graphic position of the core images. Cores are 63.5 mm in diam-
eter (HQ). (a) Thrombolite. (b) Ribbon rock and thin-bedded fine-
grained packstone—wackestone; note pyritic black shale in the lower
left of the first core barrel. (¢) Thin-bedded packstone—wackestone
marked by wavy—crinkly laminae and wispy dark micrite partings.
(d) Rippled and planar laminated , sharp-based, centimetre-thick,
graded quartzite interbedded with medium- to dark-grey mudstone.

ary. The facies association consists of a heterolithic suite
of carbonate rock textures representative of deeper outer-
ramp to inner-ramp and shoreface settings. Characteristic
features include centimetre- to decimetre-scale cross-bedded
grainstone—packstone; in places, oolitic, ribbon rock; intra-
clastic grainstone breccia; centimetre-scale interlayering of
planar to wavy to crinkly—wrinkly laminae (“microbialite”);
thrombolite and stromatolite layers; and, particularly in Core
1H (Orange River), minor intervals of rhythmite and lami-
nate (both as carbonate and siliciclastic facies). Colours of
all lithofacies range from light to dark grey and, in many
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places, display clotted—mottled appearances. Punctuating the
carbonate facies are intervals of decimetre- to metre-thick
green-grey siltstone and fine sandstone. These are commonly
massive in appearance with intervals of faint parallel laminae
and millimetre- to centimetre-scale ripples, as well as much
soft-sediment deformation. Numerous, green-grey siliceous
volcanic tuffs are present.

Core 1H — Orange River (Fig. 10). This core is 515.04 m
in length. It recovers the youngest strata of the Kuibis—
Schwarzrand succession, predominantly in the Spitskop
Member (Nelson et al., 2022). It overlaps considerably
with Core 1D (Swartpunt), although a more precise correla-
tion will be determined via paired C-isotope chemostratig-
raphy and geochronology. The Spitskop Member equiva-
lent features centimetre- to decimetre-scale oolitic cross-
bedded grainstone—packstone, intraclastic grainstone brec-
cia, centimetre-scale interlayering of microbialite and stro-
matolite with thin intervals of rhythmite. See Core 1D for a
summary description of the Spitskop Member. These facies
grade into green-grey millimetre- to centimetre-scale bed-
ded fine-grained sandstone and siltstone marked by finely
planar laminae and soft-sediment deformation, which could
correlate with the Feldschuhorn Member (Nelson et al.,
2022; see Core 1B for description). The lowermost stratig-
raphy is dominated by intraclastic breccias and cross-bedded
peloidal-ooidal grainstone—packstones with wavy—crinkly
microbialite laminae and occasional thin intervals of silt-
stone, which might be correlative to the upper Huns Member
(Nelson et al., 2022; see Core 1B for description).

5 Summary of drilling and core characterization
activities — Brazil

The Corumba Group records deposition on a marine carbon-
ate platform that fringed the southeast margin of the Ama-
zon Craton and consists of the Cadiueus, Cerradinho, Bo-
caina, Tamengo, and Guaicurus formations (Almeida and
Hasui, 1984; Fig. 11). The drilling targets of GRIND-ECT
in Brazil are the shale and carbonaceous limestone of the
latter three formations, which contain the best ECT fossil
record in South America (Warren et al., 2012; Pacheco et
al., 2015). The Tamengo Formation has Corumbella werneri,
Cloudina luceanoi, and conulariids (Walde et al., 2015). The
Guaicurus Formation has vendotaenid fossils, including Eo-
holynia corumbensis (Boggiani et al., 2010). These rocks
have not experienced metamorphism or severe organic mat-
ter maturation (Spangenberg et al., 2014) and, combined with
C-isotope profiles that are interpreted as the rising trend of
the Shuram excursion (from —3 %o to +5%o in §3Ceyb;
Boggiani et al., 2010; Spangenberg et al., 2014), define a
relatively continuous record across the Ediacaran—-Cambrian
boundary. Tamengo Formation tuffs yielded a U-Pb zircon
age of 543 + 3 Ma (Babinski et al., 2008), and multiple other
tuffs within that unit and the Guaicurus Formation have been
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Figure 8. Summary section of GRIND-ECT Core 1B (Swartpunt South); circled letters to the left of the column show the stratigraphic
position of the core images. Cores are 63.5mm in diameter (HQ). (a, b) Grey, medium- to coarse-grained, peloidal-ooidal-intraclastic
grainstone—packstone arranged in metre-thick beds; beds are commonly sharp-based, graded, and cross-bedded. (¢) Green-grey siltstone to
very fine sandstone marked by massive, soft-sediment deformed and planar-laminated textures, locally with centimetre-scale ripples and
pinstripe—lenticular bedding. (d) Variegated and pastel-coloured micritic limestone, possible tufa or travertine deposits. (e¢) Medium- to
dark-grey mottled and clotted textured thrombolite interbedded with dark micritic to fine intraclastic grainstone—packstone—wackestone. (f)
Coarse- to very-coarse-grained intraclastic—peloidal-ooidal grainstone—packstone in decimetre- to metre-thick beds; many beds are graded
and cross-bedded.
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Figure 9. Summary section of GRIND-ECT Core 1D (Swartpunt); circled letters to the left of the column show the stratigraphic position

of the core images. Cores are 63.5mm in diameter (HQ).

(a) Thin-bedded packstone—wackestone and fine-grained intraclastic beds all

with wavy—planar—crinkly laminae. (b) Grey-green fine-grained sandstone—siltstone marked by planar laminae, flaser—lenticular bedding,
and soft-sediment deformation features. (¢) Thin-bedded fine-grained grainstone—wackestone with abundant dark-grey micritic partings. (d)
Thin-bedded, graded fine-grained grainstone with ribbon rock; central core has a green-grey siliceous tuff. (e) Planar—pinstripe—flaser bedded
green-grey siltstone containing thin thrombolitic—digitate stromatolite layers. (f) Medium- to coarse-grained peloidal-ooidal-intraclastic

wackestone—grainstone interbedded with mottled-textured (
bedded to low-angle-, planar-laminated grainstone.
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GRIND-ECT Namibia 1H (Orange River)
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Figure 10. Summary section of GRIND-ECT Core 1H (Orange River); circled letters to the left of the column show the stratigraphic position
of the core images. Cores are 63.5 mm in diameter (HQ core). (a) Ribbon rock, cross-bedded grainstone and thrombolite. (b) Nodular bed-
ding, intraclastic packstone and flake—breccia microbialite (likely stromatolitic). (¢) Contact between underlying brecciated thrombolite and
overlying green-grey planar- to massive- to ripple-laminated and pinstripe-bedded siltstone. (d) Light- to dark-grey carbonate—marl rhythmite
interbedded with centimetre-thick, sharp-based graded and rippled beds. (e) Light- to dark-grey siliciclastic rhythmite with centimetre-scale
rippled beds. (f) Intraclastic breccia and cross-bedded grainstone—packstone.
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sampled. The target rocks are the Bocaina, Tamengo, and
Guaicurus formations at Sobramil Harbor and Laginha Mine.
This region is a mining district, making the logistics sim-
ple: local drilling contractors had operational expertise; elec-
tricity and water were accessible; and core handling, core-
splitting, and preliminary description were done on site. In
addition, the geology is structurally simple, which ensured
that the drilling targets were recovered.

5.1 The Corumba Group

The Paraguay Belt in midwestern Brazil is a Neoprotero-
zoic to early Cambrian fold-thrust belt formed during the
collision of the Amazon Craton with the Paranapanema and
Sdo Francisco cratons in the final amalgamation of west-
ern Gondwana (Trompette, 1994). The southern Paraguay
Belt includes the Cryogenian Jacadigo Group (Freitas et
al., 2011), the Ediacaran Corumba Group (Almeida, 1965;
Gaucher et al., 2003; Misi et al.,, 2007; Boggiani et al.,
2010), metamorphic rocks (Campanha et al., 2011), and post-
collisional granitoids (Manzano et al., 2008; Godoy et al.,
2010). The Corumba Group marks the final sedimentation in
the southern Paraguay Belt.

The Corumbd Group comprises a mixed siliciclastic—
carbonate succession that includes six formations: Cadiueus,
Cerradinho, Morraria do Sul, Bocaina, Tamengo, and Guai-
curus (Almeida, 1965; Boggiani, 1998; Gaucher et al., 2003;
Fernandes et al., 2025). The lowermost units, the Cadiueus
and Cerradinho formations, are composed of glacial-outwash
conglomerates and arkosic sandstones linked to the end-
Cryogenian Marinoan glaciation (Hiatt et al., 2020). Over-
lying these, the Morraria do Sul Formation is a post-glacial
cap carbonate characterized by tubestone-microbialite se-
quences (Romero et al., 2016; Fernandes et al., 2025). A
major stratigraphic hiatus (ca. 50 Ma) separates these three
lower formations from the overlying units. The Bocaina
Formation is characterized by a dolomite—phosphorite—shale
succession, indicative of a rimmed carbonate shelf with mi-
crobialites and a rich microfossil assemblage (Morais et al.,
2021; Hippertt et al., 2023). The boundary between the Bo-
caina and Tamengo formations is marked by an erosive sur-
face, above which polymictic breccias and gravity flow de-
posits indicate a major regression (Fernandes et al., 2022).
The Tamengo Formation consists of storm-dominated car-
bonate ramp deposits, including limestones, shales, macro-
fossils, macroalgae, microfossils, and bilaterian ichnofossils
(Pacheco et al., 2015; Walde et al., 2015; Adorno et al., 2017;
Becker-Kerber et al., 2017; Diniz et al., 2021; Afonso et al.,
2024). The Guaicurus Formation, the uppermost unit of the
Corumbd Group, consists primarily of siltstones and shales.
It represents the final transgressive phase of the succession
and likely extends into the Early Cambrian (Walde et al.,
2015; Fazio et al., 2019).

The age of the Bocaina Formation is defined by U-Pb
zircon dating, with a key age of 555.18 4 0.30 Ma obtained
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from an ash bed in the Porto Morrinhos section (Parry
et al., 2017). More recently, a U-Pb date of 571 £9Ma
from dolomite in the Serra da Bodoquena area was reported
(Morais et al., 2024). In the overlying Tamengo Formation,
two ash beds from the Corcal section yielded U-Pb zircon
ages of 542.37 £ 0.28 Ma and 541.85 £ 0.75 Ma (Parry et al.,
2017), placing it firmly within the terminal Ediacaran. These
dates align with the occurrence of Cloudina in the formation.

Carbon isotope values in the Bocaina Formation typically
exhibit a relatively stable or slightly positive §'3C trend, re-
flecting a marine carbonate shelf environment with microbial
activity and a diverse microfossil assemblage (Morais et al.,
2021; Hippertt et al., 2023). In contrast, the Tamengo For-
mation shows more pronounced fluctuations in §'3C, which
is consistent with a storm-dominated carbonate ramp set-
ting (Oliveira et al., 2019; Amorim et al., 2020). The car-
bon isotope data in this unit often display a more dynamic
range, likely reflecting changes in sea level, water circula-
tion, and biological productivity associated with storm events
and transgressive-regressive cycles. The continuous rock
record obtained by GRIND-ECT cores offer a means of cre-
ating a more finely resolved C-isotope chemostratigraphy in
the context of a high-resolution age model.

5.2 GRIND-ECT cores 3A and 3B

The two cores through the Corumbd Group were character-
ized in detail in the field and at BGR, where the cores were
split and scanned (Fig. 12). All the stratigraphic and sam-
ple data are stored in ICDP’s DIS system, and the core scans
and analytical data are hosted on ICDP’s website for access
by GRIND-ECT researchers. Once the moratorium period
ends (May 2026), these data will become open access to re-
searchers worldwide.

The oldest strata are represented by core 3A (—19.00,
—57.62°), drilled at Porto Sobramil (formerly Saladeiro
Mine) in Corumba. This core includes limestones and shales
from the Tamengo Formation, extending down to a depth of
55.24 m. At this point, there is a distinct boundary with the
dolomites of the Bocaina Formation (Fig. 11), which con-
tinue to the end of the core at 182.95 m. Core 3B (—19.02,
—57.68°) was drilled at the Corcal Mine, located about 7 km
west of core 3A, also in the Corumba Group (Fig. 11). The
upper 114.58 m of this core consists of limestones and shales
of the Tamengo Formation, while the lower 8.45 m is com-
posed of dolomites of the Bocaina Formation. These mem-
bers also contain interbedded tuffs, key targets for U-Pb zir-
con dating.

Core 3A — Sobramil (Fig. 13). This core is 183.1 m long
and primarily recovers dolomudstones and dolostone flat-
pebble and tepee breccias, along with rare stromatolite clasts
in the lower 30m of core 3A. Between 166 and 145m
depth, abundant breccia layers with intraclasts of oncolites,
grainstones, and some phosphorites are present (Fig. 13e).
Above this, microbialites dominate, including oncoids (up
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to 20cm in diameter) and occasional columnar stromato-
lites (Fig. 13c, d). From 72 to 55.5 m, the core contains mat
stromatolites interbedded with plane-parallel-bedded dolo-
grainstones, which transition into flat-pebble breccias. This
breccia is truncated by an erosive surface at the Bocaina—
Tamengo contact (Fig. 13b). The upper 50 m of core 3A
consists of limestones and shales from the Tamengo For-
mation, showing a fining-upwards trend (Fig. 13a). The
black shales exhibit plane-parallel lamination, with occa-
sional soft-sediment deformation structures. These shales are
composed of three main layers, locally interbedded with thin
limestone layers. The limestones are mainly plane-parallel
stratified grainstones, with some low-angle truncation and
wavy lamination. Additionally, thin layers of mudstones and
intraclast breccias are interbedded with the grainstones.

The Bocaina Formation in core 3A primarily consists of
microbialites, oncoids, intraclast breccias, and grainstones.
Collectively, these facies indicate a moderate- to high-energy,
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wave-agitated setting on a storm-dominated carbonate plat-
form. The intercalation of high- and low-energy facies re-
flects storm- and fair-weather sedimentation pulses, respec-
tively. The black shales of the Tamengo Formation in cores
3A were deposited in a low-energy setting that promoted the
high accumulation of organic matter. Grainstones with wavy
cross-bedding and low-angle truncation indicate occasional
sediment reworking by strong flows. It is interpreted that the
erosion of the upper Bocaina Fm represents a lowstand and a
change upsection in carbonate platform morphology from a
rimmed shelf to a distally steepened ramp (Fernandes et al.,
2025).

Core 3B — Corcal (Fig. 14). This core is 122.6 m in length.
The lowest segment of core 3B consists of coarse dolo-
grainstones and stromatolites down to 114.6 m, marking the
erosive surface at the Bocaina-Tamengo contact (Fig. 14d).
Above this surface, the succession resembles the upper sec-
tion of core 3A, with abundant black shales interbedded

Sci. Dril., 35, 171-192, 2026
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Figure 12. Photos of drilling the GRIND-ECT cores in Brazil. (a) Arrival of the drilling rig at the Sobramil site. (b) Anchoring the drilling
rig at the Sobramil site. (¢) Kamilla Amorim and Paulo Boggiani working on the description of the dolostone of the Bocaina Formation.

with grainstones, exhibiting fining-upward trends up to 60 m
depth. Within this section, carbonate concretions up to 7 cm
in diameter and millimetre-sized euhedral pyrites are found
in the black shale. From 60 to 3.5 m, shallowing-upward cy-
cles of ooid grainstones with thin layers of black shales oc-
cur. The grainstones display swaley cross-stratification, wavy
lamination, and low-angle truncation (Fig. 14a—c). The top
3.5 m consists of weathered siltstones, which are interpreted
to belong to the Guaicurus Formation. Similarly to core 3A,
this core features microbialites, intraclast breccias, and grain-
stones in the Bocaina Formation, transitioning to mudstones
with intercalated fine grainstones of the Tamengo Forma-
tion and ending with weathered siltstones of the Guaicurus
Formation. These facies are interpreted as a rimmed shelf
to distally steepened carbonate ramp, influenced by storms
throughout (as discussed in the previous section).

6 Discussion

The GRIND research teams have entered the phase of gen-
erating, sharing, and publishing novel datasets that are shap-
ing our understanding of the ECT. Three staggered sampling
parties have collected 2823 samples from Namibian cores
and 267 samples from Brazilian cores to date. These sam-
ples are being analysed for geobiology, palacomagnetism,
geochronology, and geochemistry (including major and trace
elements, as well as traditional and non-traditional isotopes).
Many of the samples are being used for multiple types of
analysis, which takes time, specifically to organize the lo-
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gistics and sharing of sample sets. Publications to date in-
clude papers utilizing palaecomagnetic and geochronologi-
cal datasets. Gong et al. (2025) present new magnetic sus-
ceptibility data from the lower Schwarzrand Sub-group and
use spectral analysis to identify orbital cycles responsible
for repeating depositional sequences. By matching the wave-
lengths of these cycles to their expected periodicities, they
determined sedimentation rates across the stratigraphy. The
updated age-depth model provides more precise temporal
constraints on the appearance of complex trace fossils, re-
fining our understanding of the earliest major radiation of bi-
laterian metazoans and improving the chronostratigraphy of
the terminal Ediacaran Period. Current age models indicate
exceptionally high sedimentation rates in the Schwarzrand
Sub-group, resulting in an expanded Ediacaran—Cambrian
succession that likely preserves a higher-resolution record of
evolutionary change over this interval than is available else-
where globally (Nelson et al., 2022; Gong et al., 2025).

Pescarini et al. (2025) identified three magnetic compo-
nents in the GRIND-ECT Namibia cores: C1 (modern mag-
netization), C2 (Paleozoic demagnetization), and C3 (pri-
mary detrital origin). Component C3 records an unstable ge-
omagnetic field at 540 Ma, the youngest evidence of such
instability in the Ediacaran and the first from the Kalahari
Craton. These data provide new support for a largely unsta-
ble geomagnetic field during this period. These early findings
are part of an ongoing series of discoveries, with much more
data expected in the future, marking the first phases of scien-
tific progress in this field.
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Figure 13. Summary section of GRIND-ECT Core 3A (Sobramil
Harbor); circled letters to the left of the column show the strati-
graphic position of the core images. The cores are 63.5 mm in di-
ameter (HQ). (a) Dark-grey to black planar-laminated mudstone
with millimetre-thick grainstone lenses and pinstripe bedding. (b)
Boundary from dolomitic thrombolite in Bocaina Fm to the overly-
ing oolitic limestone—grainstone of Tamengo Fm. (¢) Crinkly lami-
nations of stromatolite with intraclast breccias. (d) Coarse-grained
peloidal grainstones with oncoids and wavy laminated mudstone
interbeds. (e) Wackestone with intraclast breccia fining upward to
mudstone.

Bowyer et al. (2025) analysed multiple silicified vol-
canic tuff interbeds from GRIND drill cores and neighbour-
ing outcrops to resolve uncertainties about whether U-Pb
ages reflect reworked zircons or true depositional ages and
whether there might be undetected stratigraphic repetition of
units. New U-Pb data, interpreted within an updated tectonic
framework, have been used to suggest a cryptic décollement
in the Spitskop Member, which has caused stratigraphic and
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Figure 14. Summary section of GRIND-ECT Core 3B (Corcal
Mine); circled letters to the left of the column show the strati-
graphic position of the core images. Cores are 63.5 mm in diame-
ter (HQ). (a) Planar-laminated mudstone with millimetre grainstone
lenses. (b—c) Oolitic grainstone fining to mudstones with wavy
and pinstripe bedding. (d) Boundary from dolomitic microbialite
in Bocaina Fm to mudstone—grainstone with planar laminations of
Tamengo Fm.

U-Pb age repetition. These data have fuelled an active de-
bate, with future papers expected to focus on further new U-
Pb age analyses from volcanic ash layers.

Our current focus as a collaborative research team is to
compile all the measured carbon isotope analyses across the
entire stratigraphy to establish a chemostratigraphic frame-
work for an age model. These results will be published as
a stand-alone paper but will subsequently be integrated with
dated ash layers to address key questions about the timing,
duration, and causal mechanisms behind the large-amplitude
carbon isotope excursions observed in Ediacaran and early
Cambrian strata. Together, our efforts have made significant
progress toward achieving our initial scientific objectives.
This work will enable us to achieve a high temporal reso-
lution, essential for addressing fundamental questions about
the lead-up to and genesis of the Cambrian Explosion. The
age model will help us investigate the timing and rates of the
appearance, expansion, and extinction of the Ediacara biota.
As additional geochemical data are processed, this tempo-
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ral framework will allow for more accurate correlations and
provide insights into the global and regional patterns of ma-
rine oxygenation. It will also enable us to assess how these
patterns relate to other geochemical trends and explore the
possibility of a Neoproterozoic oxygenation event.

7 Summary

The Namibian and Brazilian phases of GRIND-ECT real-
ized the research vision outlined by the international Earth
science community at the 2014 GRIND Workshop: to cre-
ate a worldwide core archive of the best-developed sedimen-
tary successions containing the key biogeochemical episodes
of the Neoproterozoic Era. Six cores totalling 2379 m recov-
ered a nearly complete section of the late Ediacaran—earliest
Cambrian Kuibis and Schwarzrand sub-groups of the Nama
Group in southern Namibia. An additional two cores totalling
306 m recovered the Guaicurus, Tamengo, and Bocaina for-
mations of the Corumba Group in Brazil. Collectively, these
cores record the evolutionary advent and decline of the Edi-
acaran fauna and the rise and expansion of animals. The qual-
ity and completeness of the cores will enable us to thoroughly
integrate sedimentology with novel isotope and geochemi-
cal analyses to inform on the causes and consequences of
the changing redox states that marked the oceanic realm dur-
ing those evolutionary milestones. Interlayered volcanic tuffs
will underpin the development of a finely resolved age—depth
model and much needed constraints for assessing evolution-
ary turnover rates during and following the rise of animals.
While the project was delayed by COVID-19, which halted
drilling in 2019 and delayed further fieldwork until 2022,
all initial objectives were achieved, and the project remained
within budget. Data collection and analysis are ongoing, and
work is still in progress to fully achieve the project’s goals. In
effect, GRIND-ECT is delivering the data to deepen under-
standing of the genesis of the Cambrian Explosion. The cores
housed at the BGR facility in Berlin—Spandau, Germany, will
form a legacy resource for decades to come for researching
the Ediacaran—Cambrian transition and its impact on Earth’s
surface environments.

Data availability. All the data can be found here:
https://doi.org/10.5880/ICDP.5064.001 (Rose et al., 2026).
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