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Figure 7. Vertical time slice from a 3D seismic volume acquired across the Frontal Fault zone of the Wichita—Anadarko system, extending
from the (subsurface) Wichita Uplift (left) into the deep Anadarko Basin (right). See Fig. 6 for the approximate location of the line (line
length ~ 60 km). Vertical scale shows two-way travel time (seconds). Stratal markers as follows: base Pennsylvanian — yellow, base Permian
— blue. From Rondot (2009). A potential (basinal) drill site is indicated with the derrick symbol.

tectonic to thermal) during the late Paleozoic enabled preser-
vation of a nearly complete stratigraphic succession from
late Carboniferous to late Permian time, with an unconfor-
mity at the Permian—Triassic boundary (as is the case across
western—central Europe; e.g., Bourquin et al., 2011). Strata
of the southwestern Paris Basin accumulated during two suc-
cessive tectonic phases (Beccaletto et al., 2015).

— An initial period of opening of the (Arpheuilles, Con-
tres, and Brécy) basins, during which Stephanian con-
glomeratic/coal facies accumulated under a strong
structural control (normal- and strike-slip faulting, with
development of a clastic wedge); this represents about
20 % of the (Stephanian)-Permian section.

— Subsequent Permian and pre-Triassic tectonic activity
(northwest—southeast-oriented strike—slip faulting in the
Arpheuilles Basin, uplift of the margins of the three
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basins), resulting in tectonic subsidence and associated
sedimentation in these basins. The Permian strata here
consist mainly of mudstone or silty mudstone, with
rare thin interbeds of sandy, carbonate, intra-clastic con-
glomeratic, or evaporitic facies. Occurrences of fine to
coarse sandstone occur in the top interval. These litholo-
gies are analogous to those in neighboring basins, where
they are interpreted as restricted lacustrine to localized
fluvial facies and are analogous to those inferred for the
Anadarko Basin of Oklahoma.

Thus, although the uppermost Carboniferous—lower Per-
mian strata exist in isolated basins, the rest of the Permian
sedimentary section accumulated across a broad region as
demonstrated by the reinterpretation of newly reprocessed
seismic lines (Fig. 10). As these basins were later covered
by Triassic strata (Fig. 9), the Permo-Carboniferous section
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Figure 8. Top — simplified geology of France. Dark blue regions
are basins with Permian strata exposed (e.g., Lodeve), whereas light
blue regions denote Permian strata buried by Mesozoic overburden.
The bold dotted line crossing the E-W span of the Paris Basin is the
location of the cross-section line in Fig. 9. The fine dotted line in
the southern—central part of the basin is the location of the seismic
line in Fig. 10 (modified from Beccaletto et al., 2015).

was essentially protected from Meso-Cenozoic tectonic up-
lift and subsequent erosion. Importantly, this same situation
does not hold for the strata now exposed in regions such as
the Lodeve Basin. The Permian of subsurface basins such
as those beneath the southwestern Paris Basin have been af-
fected by a slight pre-Triassic tilting and by Oligocene brit-
tle normal faulting (represented by nearly vertical faults in
Fig. 10), without major tectonic perturbation. Other north-
ern European basins offer less complete and partly marine
stratigraphic sections for this interval, owing to slower rates
of subsidence and the influence of the Zechstein Sea (e.g.,
Doornenbal and Stevenson, 2010).

We provisionally propose the southwestern Paris Basin as
our coring target to capture a continuous lowland record in
eastern equatorial Pangaea. We recommend a coring target
in what is projected to be the most stratigraphically com-
plete section: in the Brécy (sub)basin, where the Permian
reaches a thickness of ~ 3000 m, beneath a Mesozoic cover
of ~ 1000 m (Figs. 9, 10).

5 The need for coring
Intact and complete continental stratal records from the mid-

Permian through Triassic of Pangaea are rare (in both outcrop
and standard cores). Within the Anadarko Basin, outcrops are

Sci. Dril., 28, 93—112, 2020

G. S. Soreghan et al.: Report on ICDP Deep Dust workshops

stratigraphically and lithologically incomplete due to interca-
lated halite in parts of the section, which dissolves at and near
the surface (Benison et al., 2015). Furthermore, the gentle
dip across a region with minimal relief creates limited out-
crop opportunities. Although the Anadarko Basin hosts hun-
dreds of thousands of boreholes owing to nearly a century of
hydrocarbon extraction, minimal core exists of the Permian
owing to its status as overburden. However, the rare cores
that have been recovered yield a wealth of high-resolution
paleoenvironmental, paleoclimatological, and microbiologi-
cal data about Pangaea (e.g., Benison et al., 1998; Zambito
and Benison, 2013; Foster et al., 2014; M. Soreghan et al.,
2018; Benison, 2019; Andeskie and Benison, 2020). Simi-
larly, although the Paris Basin has been a target for resources
preserved in especially the Mesozoic section, no extensive
Permian core exists. Here, the Permian is reachable exclu-
sively through subsurface coring.

Coring will enable acquisition of long, continuous records
through even friable lithologies, with the unambiguous strati-
graphic superposition needed to construct permanent refer-
ence sections for the Permian. It will also enable explo-
ration of sediment preserved atop buried paleouplands. The
importance of this time period, encompassing biotic crises
such as the end-Guadalupian biotic event and major climate
change, combined with the exceptional preservation of rocks
by purposeful and well-planned coring, makes a compelling
case for scientific drilling (Soreghan et al., 2014). Finally,
continuous coring of stratigraphically unambiguous sections
will enable application of comprehensive paleomagnetic and
magnetostratigraphic studies critical to resolving arguably
the most fundamental aspect of the Permian world: which
geographic reconstruction (Fig. 1) is accurate?

6 Dating potential

Permian strata of the Anadarko Basin have been dated
with invertebrate as well as vertebrate fauna, palynology,
chemostratigraphy, magnetostratigraphy, and geochronology
(tephras), with much work occurring relatively recently (e.g.,
Denison et al., 1998; Steiner, 2006; Tabor et al., 2011; Geiss-
man et al., 2012; Foster, 2013; Tian et al., 2020). The strata in
Permian basins of France accumulated in close proximity to
major volcanic centers and thus contain abundant, dateable
ash beds (e.g., Bruguier et al., 2003; Michel et al., 2015).
We envision greatly refining age models through the Per-
mian in both regions using a combination of the following
approaches.

— Geochronology: ash beds are well known through-
out the Carboniferous—Permian section of, e.g., the
Lodeve Basin (Michel et al., 2015), southern Paris Basin
(Ducassou et al., 2019), Autun Basin (Pellenard et al.,
2017), and associated Carboniferous—Permian basins of
France and adjoining regions, and these should be es-
pecially visible in the core. Permian volcanism was
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Figure 10. Southwestern Paris Basin (Brécy Basin) seismic line (line of section indicated by fine dotted line in the southern Paris Basin in
Fig. 8). Seismic interpretation of lithologies and estimation of thicknesses from the main depocenter in the Brécy area, with a potential drill
site indicated by the derrick symbol.

farther removed from the Anadarko Basin, but tephras
(likely from Permian arc(s) of northwestern Mexico)
are well recognized in the youngest Permian strata here
(Tabor et al., 2011; Geissman et al., 2012) and have - Magnetostratigraphy: although the Permian encom-
been long recognized by industry geologists in the Up- passes the Kiaman Superchron, spanning from ~
per Pennsylvanian and Permian sections of the nearby 320 Ma (mid-Bashkirian) to ~ 265 Ma (late Wordian),
Permian Basin in western Texas (personal communi- the Permian of both the Anadarko and French Permian
cation, E. Kvale, 2015; S. Ruppel, 2016; Tian et al., basins captures the termination of the superchron and
2020). High-resolution chemical abrasion ID-TIMS zir- the subsequent record of reversal stratigraphy (Steiner,

Anadarko and French basins (Sweet et al., 2013; Foster
et al., 2014; Pfeifer et al., 2016).

con geochronology can be employed to provide essen-
tial absolute ages, aid in correlations, and constrain sed-
imentation rates. Additionally, in regions distal to (but
downwind of) volcanic eruption centers, detrital zir-
con geochronology can augment dating by recovering
a cluster of the youngest zircons to provide a maximum
age of deposition (e.g., Fan et al., 2015); detrital zircons
are abundant in fine-grained Permian strata of both the
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2006; Foster et al., 2014; Evans et al., 2014), recogniz-
able even at these relatively low paleolatitudes. Recov-
ery of continuous core with unambiguous stratigraphic
superposition is critical for magnetostratigraphic ef-
forts.

Chemostratigraphy: Sr isotopes have been applied to
carbonate and sulfate-rich strata in the Permian of the
Anadarko Basin (Denison et al., 1998), but the po-
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tential exists to build on this, particularly because of
the dramatic decline in the 37Sr/30Sr through the pro-
posed study interval. In addition, carbon isotope stratig-
raphy of early diagenetic dolomitic cements in the up-
per Permian and Permo-Triassic boundary strata from
the nearby Palo Duro Basin suggest that carbon isotope
stratigraphy may be a viable means of stratigraphic cor-
relation for later Permian strata (Tabor et al., 2011).

— Paleontology: for the continental sections, paleobotani-
cal specimen data can be quite useful and can be pre-
served in red beds. For example, for the Anadarko
Basin, regional trends in the appearance and rela-
tive abundance of marker taxa from both wetland
and seasonally dry assemblages can be tied to well-
characterized sections in northern—central Texas and
central New Mexico, thereby facilitating an understand-
ing of regional vegetational patterns (e.g., DiMichele
et al.,, 2006). The same is true for the pollen assem-
blages these plants produced. Pollen and spores (paly-
nomorphs) are generally poorly preserved in red beds
but common in non-oxidized sediments, including the
Permian of the Anadarko Basin (e.g., Wilson, 1962),
and can occur in evaporites intercalated within the red
beds. The valves of Conchostracans (clam shrimps)
are also well known and zoned from Permian red
beds (Scholze and Schneider, 2015). For the limestone-
bearing epeiric strata of the lowermost section in the
Anadarko and French Permian basins, conodonts and
fusulinids are abundant and well zoned at cyclothem-
scale (substage) resolution. Sedimentological informa-
tion, such as grain size (silts and clays) and sediment
color (darker gray), can be used to identify the most
promising facies for palynological analysis.

— Cyclostratigraphy: the emerging chronostratigraphic
power of cyclostratigraphy will likely play an impor-
tant role in dating the cores. Astronomical forcing is
global, and so astronomically forced cyclostratigraphic
patterns should be correlatable from marine to continen-
tal facies, in the same way that, for example, the Qua-
ternary Chinese Loess Plateau magnetic susceptibility
record (Fig. 12 in Ding et al., 2002) and the Lake Baikal
biosilica record (Fig. 3 in Williams et al., 1997) corre-
late with the marine 8'80 record. For much (if not all)
of the time coverage anticipated for these cores, there
is either existing marine cyclostratigraphy tied to con-
odont zones and/or radioisotope dating (Wu et al., 2013,
2019; Fang et al., 2015, 2017), which makes this dating
approach possible.

To tackle the problem of constructing a complete
geochronology, proxy stratigraphic series constructed
from the cores will be analyzed for plausible sediment
accumulation rates that convert the proxy sequences into
a time series with significant astronomical frequencies.

Sci. Dril., 28, 93-112, 2020

G. S. Soreghan et al.: Report on ICDP Deep Dust workshops

This is the goal of the objective methods “average spectral
misfit” (Meyers and Sageman, 2007) and “time optimiza-
tion” (TimeOpt; Meyers, 2015, 2019). Successful ASM
or TimeOpt applications can be used to extract the orbital
eccentricity signal from the proxy sequences, which then can
be matched to similarly processed marine cyclostratigraphy
using statistical correlation methods such as Match (Lisiecki
and Lisiecki, 2002) or HMM-Match (Lin et al., 2014). The
results of these statistical correlations can be used to project
marine biostratigraphic (conodont, fusulinid) zones, as well
as other age data, into the core sections.

7 Concluding recommendations

The events of the Permian capture profoundly extreme
swings in Earth system behavior, justifying a focus on pa-
leoenvironmental conditions for this project, but with strong
auxiliary science objectives. Two sites are admittedly inad-
equate to capture global conditions, but the proposed initial
sites in the Anadarko and Paris basins offer unrivaled op-
portunities to establish stratigraphically complete global ref-
erence sections spanning equatorial Pangaea, to which vari-
ous outcrop sections could be tied for building an integrated
record. Abundant opportunities exist for science outreach
and education associated with the remarkable events of the
Permian — the icehouse-to-greenhouse transition, Great Dy-
ing, mega dust bowl and megamonsoon, Mars analog condi-
tions, and the Permian megafauna of the equatorial region, in
addition to the auxiliary science topics.

Data availability. No data sets were used in this article.

Supplement. The supplement related to this article is available
online at: https://doi.org/10.5194/sd-28-93-2020-supplement.
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New ICDP Science Plan

The new Science Plan of the Interna-
tional Continental Scientific Drill-
ing Program, ICDP was released on
Ist October 2020. Its overarching
motto is “Billions of Years of Earth
Evolution”, outlining the scientific
objectives of continental scientific
drilling for the coming decade. The
four key scientific themes are: Ge-
odynamic Processes, Geohazards,
Georesources, and Environmental
Change. In this framework future
ICDP projects will focus on the
evolution of planet Earth, past cli-
mates, the effects of large impacts
and mass extinctions, the formation
and wise utilization of our most
significant resources, and in-situ
monitoring of volcanoes and fault
zones. The linkage to wider societal
challenges will include climate ac-
tion, mitigation of natural hazards,
affordable clean energy, sustainable
cities and communities and clean
water and sanitation.

The Science Plan was developed in
close cooperation with our offshore
sibling, the International Ocean Dis-
covery Program, IODP. Jointly with
IODP we aim at fostering the suc-
cessful cooperation by implement-
ing new Land-to-Sea Drilling pro-
jects that require combined onshore
and offshore —amphibious- scientif-
ic drilling to tackle the key scientific
themes. We kindly invite you to dis-
cover our Science Plan and to start
brainstorming about new drilling
initiatives and to spread the word
on ICDP in your science networks.

www.icdp-online.org/fileadmin/icdp/
media/doc/ICDP_Science Plan 2020-
2030.pdf

www.icdp-online.org/fileadmin/icdp/
media/doc/ICDP_Science Plan_Vid-
eo_small.mp4

New IODP Science Plan

October saw the release of a new
scientific blueprint that will guide
ocean drilling research into the
middle of this century. Entitled
“2050 Science Framework: Explor-
ing Earth by Scientific Ocean Drill-
ing,” the 25-year plan is a product
of a spirited and vigorous effort by
the international community and
brings a fresh approach to ocean
drilling investigations, focusing on
the interconnected processes that
characterize the complex Earth sys-
tem. Hundreds of marine scientists
from around the world contributed
to the production of the new frame-
work, attending national workshops
to share their views and providing
input during several public review
periods as the framework was under
development. A 48-person, inter-
national writing and editing team,
led by Anthony Koppers of Oregon
State University (USA) and Ro-
salind Coggon of the University of
Southampton (UK), produced the
document, which can be accessed
at  http://www.iodp.org/2050-sci-
ence-framework. The document’s
writing team also created a 12-page
summary and a 2-page flyer for
wider audiences; these can be found
at the same web page.

The new framework comprises
three major components: “Strate-
gic Objectives” (general research
areas that focus on Earth system in-
terconnections), of which there are
seven; five “Flagship Initiatives”
(multi-disciplinary and multi-expe-
dition projects that are expected to
take years or even decades to fully
explore); and four “Enabling Ele-
ments,” which include topics such
as broader impacts, technology de-
velopment, and big data analytics.

Each of the three components is giv-
en equal weight in the framework’s
structure. The framework also em-
phasizes the societal relevance of
scientific ocean drilling, such as its
ability to provide context for fu-
ture climate models, elucidate the
processes that trigger life-threaten-
ing earthquakes and tsunamis, and
investigate the limits and possible
applications of life deep beneath the
seafloor. Also stressed in the docu-
ment are collaborations with other
research programs and organiza-
tions, such as the International Con-
tinental Scientific Drilling Program
and national space agencies.

The science plan for the current
phase of scientific ocean drilling,
the International Ocean Discovery
Program, runs through 2023. While
much remains to be determined
with regard to implementation strat-
egies for the next phase of scientific
ocean drilling, the long timeline of
the new framework will enable the
evolution and refinement of its re-
search goals as societal needs and
technological capabilities evolve.
Regular assessments will take place
every five years in order to ensure
that the framework maintains its
cutting-edge aspirations.

The open-access ICDP and IODP journal

www.scientific-drilling.net



Schedules

Due to the Corona pandemic situation, several expeditions
and drilling projects are postponed until further notice.

IODP - Expedition schedule http://www.iodp.org/expeditions/
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IODP

INTERNATIONAL OCEAN
DISCOVERY PROGRAM

USIO operations

Platform

Dates

Port of origin

@ Exp 390C: South Atlantic
Transect Reentry Installations

JOIDES Resolution

5 Oct-5 Dec 2020

Rio de Janeiro

B Exp 395: Reykjanes Mantle JOIDES Resolution | 6 Jun-6 Aug 2021 Reykjavik
Convection and Climate
icdp |

ICDP - Project schedule http://www.icdp-online.org/projects/ A
ICDP project Drilling dates Location

1 JET Oct-Dec 2020 Prees, UK

2 GRIND Spring 2021 Namibia

3 STAR Spring—Summer 2021 Central Apennines, Italy

4 Trans-Amazon Spring—Summer 2021 Brazil (multiple locations)
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Topographic/Bathymetric world map with courtesy from NOAA (Amante, C. and B.W. Eakins, 2009. ETOPO1 1 Arc-Minute Global
Relief Model: Procedures, Data Sources and Analysis. NOAA Technical Memorandum NESDIS NGDC-24. National Geophysical
Data Center, NOAA. doi:10.7289/V5C8276M).





