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Abstract
The understanding of island arc volcanism and associated hazards requires study of the processes 
that drive such volcanism and how the volcanoes interact with their marine surroundings. What 
are the links and feedbacks between crustal tectonics, volcanic activity, and magma genesis? What 
are the dynamics and impacts of submarine explosive volcanism and caldera-forming eruptions? 
How do calderas collapse during explosive eruptions and then recover to enter new magmatic 
cycles? What are the reactions of marine ecosystems to volcanic eruptions? The Christiana-Santo-
rini-Kolumbo (CSK) volcanic field on the Hellenic volcanic arc is a unique system for addressing 
these questions. It consists of three large volcanic centers (Christiana, Santorini, and Kolumbo), 
and a line of small submarine cones, founded on thinned continental crust in a 100 km long rift 
zone that cuts across the island arc. The marine rift basins around the CSK field, as well as the 
Santorini caldera, contain volcano-sedimentary fills up to several hundreds of meters thick, pro-
viding rich archives of CSK volcanic products, tectonic evolution, magma genesis and paleo-
environments accessible only by deep drilling backed up by seismic interpretations. We will drill 
four primary sites in the rift’s basins and two additional primary sites inside the Santorini caldera. 
The expedition science has five main objectives, each with a leading testable hypothesis, and two 
secondary objectives. Deep ocean drilling will enable us to identify, characterize, and interpret 
depositional packages visible on seismic images, chemically correlate primary volcaniclastic layers 
in the rift fills with their source volcanoes, fill in the many gaps in the onshore volcanic records, 
provide a tight chronostratigraphic framework for rift tectonic and sedimentary histories, and 
sample deep subsurface microbial life.

Plain language summary
About 800 million people are threatened by volcanic eruptions around the globe: high plumes of 
ash, ground-hugging flows of hot ash and rock, earthquakes, and associated tsunamis. The Chris-
tiana, Santorini, and Kolumbo volcanic group in the Aegean Sea of Greece is particularly hazard-
ous because the volcanoes have produced many eruptions in the past, and some of them were 
highly explosive. Santorini is an iconic volcano because of its well-known eruption in the Late 
Bronze Age, and it is a major tourist destination. Much has been learned about the eruption his-
tory of the Aegean volcanoes on land, but most of their volcanic products lie on the seafloor, 
requiring research to move offshore. During International Ocean Discovery Program (IODP) 
Expedition 398 we will drill the submarine sequences of muds and volcanic products that fill the 
marine basins around the volcanoes and inside the Santorini caldera. These will provide a rich 
record of volcanic activity much older than that known on the islands above sea level. The drilling 
will access sediments and volcanic layers to depths of several hundred meters below the seabed at 
six sites, enabling us to reconstruct the volcanic history of the region back to 3 million years or 
more. Postexpedition research will then be able to show the connection of the volcanic history and 
how the basins formed and whether major events of faulting of the Earth’s crust or earthquakes 
coincided with switching on or shutting down the different volcanic centers and triggering any of 
their large eruptions in the past. Another aim will be to improve our knowledge and understand-
ing of the Late Bronze Age eruption regarding the amount of magma erupted and possible effects 
of the eruption on the Minoan civilization on the island of Crete. We will also drill through and 
sample the products of the submarine volcanoes of Kameni inside the Santorini caldera and 
Kolumbo outside of it, allowing us to reconstruct their histories and better evaluate the hazards 
posed by underwater explosions and tsunamis. Moreover, the sediment layers of the marine 
basins have recorded sea level changes and the subsidence of the Aegean region over the last few 
million years, enabling us to reconstruct the change from continental to marine environments 
with time. Finally, drilling deep inside the Santorini caldera will seek evidence for microbial life 
below the seafloor and how it may have responded to repeated eruptions of the volcano in the 
past.
22 publications.iodp.org · 3
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1. Schedule for Expedition 398
International Ocean Discovery Program (IODP) Expedition 398 is based on IODP drilling Propos-
als 932-Full, 932-Add, and 932-Add2 (available at http://iodp.tamu.edu/scienceops/expedi-
tions/hellenic_arc_volcanic_field.html). Following evaluation by the IODP Scientific Advisory 
Structure, the expedition was scheduled for the research vessel (R/V) JOIDES Resolution, operat-
ing under contract with the JOIDES Resolution Science Operator (JRSO). At the time of publica-
tion of this Scientific Prospectus, the expedition is scheduled to start in Tarragona, Spain, on 11 
December 2022 and to end in Heraklion, Greece, on 10 February 2023. Accounting for 5 days of 
port call and 6 days of transit, a total of 50 days will be available for drilling, coring, and downhole 
measurements described in this report (for the current detailed schedule, see 
http://iodp.tamu.edu/scienceops). Further details about the facilities aboard JOIDES Resolution
can be found at http://iodp.tamu.edu/labs/index.html.

2. Introduction
Volcanic hazards and risks lie at the heart of global geoscience, with about 800 million people 
threatened by eruptions (Loughlin et al., 2015). Volcanoes in island arc settings impact humans 
and the environment through explosions (both subaerial and submarine), tephra fallout, pyro-
clastic flows, earthquakes, tsunamis, and ocean acidification (Sigurdsson, 2015). Some large erup-
tions, such as the Late Bronze Age (LBA; also called “Minoan”) eruption of Santorini, may 
destabilize entire civilizations (Bruins et al., 2008). On the other hand, volcanoes can host rich 
ecosystems and fertilize the oceans (Duggen et al., 2010; Christakis et al., 2018).

Better understanding of the processes governing arc volcanoes and their hazards is important as 
the 21st century unfolds (McGuire et al., 2017; National Academies of Sciences, Engineering, and 
Medicine, 2017). Crustal tectonics is one process that strongly influences volcanism, but it has 
rarely been studied at high spatial and temporal resolutions (e.g., Cembrano and Lara, 2009). 
Crustal thickness and thermal structure affect the production of magmas in the mantle and their 
subsequent evolution through crystal fractionation, crustal contamination, and magma mixing 
(Farner and Lee, 2017). Extensional crustal motions across many island arcs create space for 
magma ascent and influence the depths and sizes of magma storage regions (Acocella and Funici-
ello, 2010; Bachmann and Huber, 2016). Large earthquakes cause changes in crustal stresses suffi-
cient to induce eruptions up to several hundreds of kilometers away (Walter and Amelung, 2007). 
Changes in sea level driven by tectonics or climate modulate volcanic activity by loading or 
unloading the magma plumbing system (Kutterolf et al., 2013; Sternai et al., 2017; Satow et al., 
2021).

The Christiana-Santorini-Kolumbo (CSK) volcanic field is an excellent site at which to address 
these fundamental questions. It is one of the most active in Europe, having produced over 100 
explosive eruptions in the last 360,000 y (Druitt et al., 1999). Situated in a rift zone that cuts north-
east–southwest across the island arc, the field includes the extinct Christiana Volcano, Santorini 
caldera with its intracaldera Kameni Volcano, Kolumbo Volcano, and the 22 submarine cones of 
the Kolumbo volcanic chain (Figures F1, F2A) (Hooft et al., 2017; Nomikou et al., 2013), all of 
which have discharged their volcanic products into adjacent marine basins, creating a rich archive 
of past eruptions. Santorini is one of the most explosive arc volcanoes in the world (Figure F3A, 
F3B); its onland products have been mapped, dated, and chemically fingerprinted (Figure F3C), 
and its historical eruptions are well documented (Druitt et al., 1999; Pyle and Elliott, 2006). 
Kolumbo Volcano has had at least five large explosive eruptions; the last one was in 1650 (Hüb-
scher et al., 2015).

We have a record of Santorini volcanism since 650 ka, but it is only detailed since 360 ka (Figure 
F3A). Although the onland record is inevitably discontinuous, the deep marine record promises to 
be much more complete (e.g., Schindlbeck et al., 2016). Apart from the 1650 eruption, the past 
volcanism of Kolumbo is poorly documented and that of Christiana is unknown. Offshore drilling 
will enable us to use the thick volcano-sedimentary records of the rift basins and Santorini caldera 
as time capsules for reconstructing the volcanic and tectonic histories of the area since rift incep-
22 publications.iodp.org · 4
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tion in the Pliocene. Drilling will allow (1) groundtruthing of marine seismic profiles, 
(2) characterization and dating of seismic packages, (3) measurement of the physical properties of 
submarine strata, and (4) sampling of subsurface ecosystems.

Hazards from the CSK rift zone include earthquakes, eruptions, and tsunamis (Vougioukalakis et 
al., 2016). The level of seismicity is amongst the highest in Europe (Sachpazi et al., 2016), and the 
largest 20th century shallow earthquake in Europe (M 7.5) took place there in 1956 (Okal et al., 
2009). The LBA eruption of Santorini in about 1630 BCE was one of the largest of the Holocene 
epoch worldwide; it may have influenced the decline of the Minoan civilization on Crete and thus 
is an iconic event in both volcanology and archaeology (Bruins et al., 2008). The 1650 Kolumbo 
eruption killed 70 people on Santorini through gas release and tsunami inundation (Cantner et al., 
2014). Santorini had an episode of bradyseismic unrest in 2011–2012 (Parks et al., 2015), raising 
awareness of the eruption threat at these islands visited by two million tourists per year.

Drilling will be carried out in the context of several new research initiatives in the marine environ-
ment of the volcanic field. A dense network of subseafloor seismic reflection profiles exists across 
the rift zones, providing high-resolution images of sedimentary fills and faults (Figure F2A) (Hüb-
scher et al., 2015; Nomikou et al., 2016a, 2018). Detailed correlations and interpretations of these 
profiles from northeast to southwest across the volcanic field has led to a seismic stratigraphic 
model (Figure F4) that will be refined by deep drilling (Preine et al., 2022). In 2015, an active seis-
mic tomography experiment of the CSK system was carried out (Plumbing Reservoirs of the Earth 
under Santorini [PROTEUS]; Hooft et al., 2017). It identified an enigmatic, low-density anomaly 
400–3000 meters below seafloor (mbsf ) beneath the Santorini caldera (Hooft et al., 2019), as well 
as an upper crustal magma reservoir beneath Santorini and extending northeastward toward the 
Kolumbo Volcano (McVey et al., 2019). Multibeam bathymetric surveys have imaged submarine 
volcanic edifices and calderas (Nomikou et al., 2012, 2013, 2016a). Seismic reflection profiles 

Figure F1. CSK volcanic field and its host rift basins, with locations of Expedition 398 proposed primary (red dots) and 
alternate (yellow dots) sites.
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inside the Santorini caldera have allowed recognition of several intracaldera layers that will be 
sampled by drilling (Johnston et al., 2015). Seafloor volcanic products, hydrothermal deposits, and 
bacterial mounds have been sampled (Hanert, 2002; Camilli et al., 2015), and the surface biosphere 
documented (Oulas et al., 2016; Polymenakou et al., 2021). Deep-sea ash layers have been sampled 
by gravity coring across the Eastern Mediterranean (Figure F2B), and many have been correlated 
with onshore products. The resulting marine ash stratigraphy extends back to 200 ka, includes 
eight ash deposits from Santorini, and has enabled estimation of the ages and masses of many of 
the tephra layers (Satow et al., 2015; Wulf et al., 2020; Kutterolf et al., 2021a, 2021b). An issue of 
the professional earth science magazine Elements summarizing our current knowledge of the 
South Aegean volcanic arc was published recently (Druitt and Vougioukalakis, 2019).

Figure F2. A. Available seismic lines in and around CSK volcanic field, with Expedition 398 proposed sites. B. Shallow gravity 
and box coring carried out to date near volcanic field and gravity core example illustrating lithologies present in upper few 
meters of marine sediments (Kutterolf et al., 2021a).
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Figure F3. A. Santorini Volcano chronostratigraphy, showing Plinian eruptions (red) and inter-Plinian periods (black and 
white). Most of the Plinian eruptions poured pyroclastic flows and showered fallout tephra into surrounding marine basins. 
Eruption ages taken from Druitt et al. (1999), Fabbro et al. (2013), and Wulf et al. (2020). B. Lavas and tuffs from Santorini 
eruptions preserved onshore in caldera cliffs. Lateral equivalents of many of these tuffs are expected to be encountered in 
marine cores. C. Juvenile glasses of many of the CSK volcanic field (and neighboring Milos Volcano) eruptions can be distin-
guished based on their trace element signatures (modified from Kutterolf et al., 2021a).
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3. Background

3.1. Geological setting
The Hellenic volcanic arc owes its existence to subduction of the African plate beneath the Euro-
pean plate, and was initiated in the Pliocene (Pe-Piper and Piper, 2005; Shaw and Jackson, 2010). 
The subducted slab descends at an angle of 10°–30°, and the back-arc Aegean region has been in 
extension since the Pliocene because of slab rollback (Jolivet et al., 2013; Papazachos, 2019). The 
convergence rate along the arc is 35 ± 8 mm/y, which is split into 5–10 mm/y of relative motion 
between the Eastern Mediterranean and the Aegean and ~25 mm/y of slab rollback. Back-arc 
extension has thinned the Aegean continental crust, creating horsts and grabens (Le Pichon and 
Kreemer, 2010; Royden and Papanikolaou, 2011) (Figure F1). The Hellenic subduction system has 
one of the oldest (coolest) slabs and lowest convergence rates on Earth (Syracuse et al., 2010).

The island arc consists of five volcanic fields (Druitt and Vougioukalakis, 2019): Sousaki, Aegina-
Poros-Methana, Milos, CSK, and Kos-Nisyros-Yali, from west to east. The CSK volcanic field lies 
in the center of the arc on 18–20 km of thinned continental crust (Makris et al., 2013). It is located 
in a rift zone 100 km long and 45 km wide, with three main northeast–southwest-oriented marine 
basins and Pliocene–Quaternary sedimentary fills up to ~1 km thick (Piper and Perissoratis, 2003; 
Nomikou et al., 2016b, 2018) (Figures F1, F4, F5). The Anhydros Basin contains the Kolumbo vol-
canic chain, whereas the Amorgos and Anafi (also called “Santorini-Anafi”) Basins lack volcanoes. 
The Anhydros and Anafi Basins each contain six seismic stratigraphic units (here named Units 
B1–B6 from the base up), separated by onlap surfaces (Figure F5), whereas the Amorgos Basin 
only contains Units B3–B6 (Nomikou et al., 2018). Thickness variations of the units record initial 
symmetric rifting (Units B1–B3) followed by northwest-tilted, more asymmetric rifting (Units 
B4–B6). Rifting began at 3.8–5.3 Ma in the Pliocene and is proceeding at about 2.5 mm/y 
(Nomikou et al., 2018).

The Christiana Basin is a broad, fault-bounded basin at the southwest entrance of the rift zone 
(Figure F6) that contains Pliocene–Quaternary sediments and volcaniclastics, with six major units 
(U1–U6) (Preine et al., 2022).

Figure F5. A–B. Locations and seismic context of primary Sites CSK-01A and CSK-09A in Anhydros and Santorini-Anafi 
Basins northeast of Santorini. Basin fills have six seismic stratigraphic units (B1–B6), following Nomikou et al. (2018).
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The Santorini caldera is a complex 11 km × 7 km structure caused by at least four collapse events 
over the last 200,000 y, the last of which was the LBA eruption (Druitt and Francaviglia, 1992). It 
has a northern basin 390 m deep, a southern basin 280 m deep, and is connected to the sea via 
three breaches (Figure F7A) (Nomikou et al., 2014). The caldera’s volcano-sedimentary fill is about 
1 km thick (Budetta et al., 1984). The Kameni Islands are the subaerial summit of a 470 m high 
intracaldera edifice formed since the LBA eruption.

Volcanism at Santorini began at 650 ka with submarine and then subaerial effusive activity and 
became highly explosive at 360 ka (Thera Pyroclastic Formation; Figure F3). There have since 
been at least 12 Plinian eruptions (and approximately 100 less intense explosive eruptions), many 
of which generated high ash plumes and pyroclastic flows that entered the sea (Druitt et al., 1999). 
The LBA eruption in 1630 BCE discharged several tens of cubic kilometers of silicic magma as 
fallout and pyroclastic flows (Sparks and Wilson, 1990; Druitt, 2014), and the resulting subsidence 
deepened an already existing caldera (Athanassas et al., 2016). After the caldera had collapsed, the 
sea broke through the northwest breach, carving out a 2 km wide submarine channel (Nomikou et 
al., 2016a). Kameni Volcano has had nine subaerial effusive eruptions from 197 BCE to 1950, but 
bathymetry suggests a long previous submarine history (Pyle and Elliott, 2006; Nomikou et al., 
2014).

Seismic profiles reveal three main units in the topmost caldera fill (here named Units S1–S3; Fig-
ure F8), interpreted most recently as follows (Johnston et al., 2015; Nomikou et al., 2016a):

• S1: Flat-lying sediments up to 40 m thick; mass wasting of the caldera cliffs;
• S2: Sediments up to 100 m thick that merge into the clastic apron of Kameni edifice; tuffs and 

hyaloclastites from the submarine phase of Kameni; and
• S3: Down-faulted deposits up to 250 m thick; uppermost levels of LBA intracaldera tuffs 

and/or sediments related to posteruptive flooding of the caldera.

Sub-S3 deposits lack layering on seismic images and are tentatively interpreted to be LBA intercal-
dera tuffs. Other less detailed interpretations have also been proposed (Perissoratis, 1995; Sakel-
lariou et al., 2012).

Figure F6. A–B. Location and seismic context of Site CSK-13A in Christiana Basin southwest of Santorini. Basin fill has six 
seismic stratigraphic units (U1–U6), each defined by prominent reflector (labeled h1–h6). Modified after Preine et al. (2022). 
VE = vertical exaggeration.
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The low-density anomaly imaged by PROTEUS inside the caldera is a vertical cylinder 3.0 ± 0.5 
km in diameter extending from 400 to 3000 mbsf of the northern basin of the caldera (Figure F7). 
It may be a large vent or collapse structure related to the Kameni Volcano, the LBA eruption, or 
earlier caldera-forming eruptions (Hooft et al., 2019). An episode of seismic unrest at Santorini 
from January 2011 to March 2012 was accompanied by up to 10 cm of inflation on Nea Kameni 
Island; it has been attributed to intrusion of magma 3–6 km beneath the caldera (Parks et al., 
2015). The focus of uplift in 2011–2012 directly overlies the low-density anomaly (Figure F7), sug-
gesting a relationship between them (Hooft et al., 2019). An upper crustal magma reservoir has 
been imaged by seismic tomography beneath Santorini and extending northeastward toward the 
Kolumbo Volcano (McVey et al., 2019).

The extinct Christiana Volcano produced lavas and tuffs of unknown ages (Aarburg and Frechen, 
1999), but a particularly large ignimbrite found on neighboring islands is dated at 1.00 ± 0.05 Ma 

Figure F7. A. Bathymetric map of Santorini caldera (Nomikou et al., 2016b), showing drill sites (red = primary, yellow = 
alternate) and selected seismic lines. B, C. Horizontal sections (0.4 and 1.0 km depths) through low-velocity seismic anomaly 
in Santorini caldera (after Hooft et al., 2019). Anomaly forms vertical cylinder in 3-D extending 0.4–3 km (approximate) 
depth below caldera floor. Center of anomaly coincides with focus of caldera floor uplift during unrest in 2011–2012 (white 
star; Newman et al., 2012; Parks et al., 2015). Open circles = proposed primary and alternate drill sites. D–F. Thicknesses and 
areas of Seismic Units S1–S3 in Santorini caldera, calculated assuming mean sound velocity of 1900 m/s (from Johnston et 
al., 2015). Open circles = proposed primary and alternate drill sites.
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(Keller et al., 2010). Geochemical and 40Ar/39Ar dating studies of onland Christiana volcanics are 
in progress (Vrije Universiteit, Amsterdam).

Kolumbo Volcano rises 480 m above the surrounding seafloor, with a 1.7 km diameter summit 
crater formed in 1650 (Nomikou et al., 2012; Carey et al., 2013). Seismic profiles across it reveal 
five units interpreted to be Kolumbo-derived volcaniclastics (Units K1–K5 from the base up), with 
Unit K5 representing the 1650 eruption (Hübscher et al., 2015) (Figure F9). The submarine cones 
northeast of Kolumbo postdate Unit K2 on seismic profiles (Figure F4); they are much smaller 
than Santorini or Kolumbo, and their products are not expected to be prominent in our drill cores.

Based on the compiled seismic data set, the entire CSK volcanic field evolved during four phases 
(Preine et al., 2022; Figure F4). Phase 1 initiated in the Pliocene with the formation of the Christi-
ana Volcano. The formation of the current southwest–northeast trending rift system (Phase 2) was 
associated with the evolution of two distinct volcanic centers: the newly discovered Poseidon Cen-
ter and the early Kolumbo Volcano. Phase 3 saw a period of widespread volcanic activity through-
out the entire rift. The ongoing Phase 4 is confined to the Santorini caldera and Kolumbo Volcano.

3.2. Previous drilling
There have been two previous deep-drilling initiatives in or near the CSK volcanic field. Deep Sea 
Drilling Project (DSDP) Leg 42A Site 378 (344 mbsf ) was drilled in the Cretan Basin 60 km south-
southwest of Santorini in 1975; it penetrated Quaternary and upper and lower Pliocene sediments 
and bottomed in Messinian evaporites (upper Miocene) but recovered few volcaniclastics (Hsü et 
al., 1978). Land-based drilling in the Santorini caldera was carried out in 1987–1988 on the 
Kameni Islands to 201 m penetration, but the volcanics were variably altered and stratigraphic 
control was poor (Arvanitides et al., 1988).

Numerous shallow gravity cores have been sampled around and east of the volcanic field (Wulf et 
al., 2020; Kutterolf et al., 2021a, 2021b). These cores have intersected many fallout tephra layers 
and also some distal flow deposits from Santorini, Kolumbo, and other Mediterranean volcanoes. 
These cores provide samples of the types of sedimentary and volcanic lithologies to be expected in 
deep drilling (Figure F2B).

Figure F8. A–B. Locations and seismic context of Sites CSK-05C and CSK-07B in northern and southern caldera basins of 
Santorini, respectively. Basin fills have three seismic stratigraphic units (S1–S3) recognized by Johnston et al. (2015).
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3.3. Seismic studies/site survey data
The supporting site survey data for Expedition 398 are archived at the IODP Site Survey Data 
Bank (https://ssdb.iodp.org/SSDBquery/SSDBquery.php; select P932 for proposal number).

A dense network of multichannel seismic (MCS) and single-channel seismic reflection profiles 
(campaigns in 2006–2015; Figure F2A) from collaborating groups and publications have been 
interpreted in detail in the Santorini caldera (based on the volcanic history recorded on land; 
Johnston et al., 2015) and in the basins northeast of Santorini, as well as to the southwest in the 
Christiana Basin (Sigurdsson et al., 2006; Hübscher et al., 2015; Nomikou et al., 2016a, 2016b, 
2018; Tsampouraki-Kraounaki et al., 2018). A further 620 km of new, high-quality MCS profiles 
was shot in October 2019 on the German ship R/V Poseidon (Cruise POS538) under the leader-
ship of Dr. Jens Karstens from GEOMAR Helmholtz Centre for Ocean Research Kiel (Preine et al., 
2022). All profiles, which sum to 3350 km in length, were recorded with different sources and 
streamers and were merged into a homogeneous data set at the University of Hamburg (Ger-
many). We adopted a velocity model based on MCS profiles and refined it using the diffraction-
extraction technique (Schwarz and Gajewski, 2017). These velocities are lower than those based 
on tomography but are probably more accurate at shallow depths. As shown by Preine et al. (2022), 
a reliable traveltime to depth conversion even of the single-channel seismic data is now possible, 
which will allow for trustworthy core-seismic integration. At greater depth, velocity models are 
based on tomography (Hooft et al., 2019). All proposed primary drilling sites are situated at (or 
very close to) the intersections of MCS profiles.

Figure F9. A–B. Northwest–southeast interpreted MCS profile (from Hübscher et al., 2015), showing edifice of Kolumbo 
Volcano formed during 1650 eruption (Unit K5) and buried edifices from older eruptions of same volcano (Units K1–K4). 
Units SK1–SK4 are volcano-sedimentary packages expected to contain Santorini-derived volcaniclastics. Primary Site CSK-
03A will penetrate Units K5 and SK1–SK4, as well as thin lateral continuations of Units K1–K3.
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In addition to the seismic survey and interpretations, fault distributions and throws have been 
mapped northeast of Santorini (Nomikou et al., 2016b; Hooft et al., 2017), and two-way traveltime 
(TWT) isopach maps have been constructed for each rift basin. During the 2015 PROTEUS cruise 
(Hooft et al., 2019), 3.5 kHz subbottom profiling, gravity, and magnetic data were recorded. High-
resolution multibeam bathymetry is available inside and outside the Santorini caldera (Nomikou 
et al., 2014, 2016a; Hooft et al., 2017), as are isolated heat-flow measurements (Hannington et al., 
2018).

Shallow sediments at or close to the drill sites provide initial sediment properties and tephro-
chronostratigraphic interpretations (Kutterolf et al., 2021a, 2021b). A large database of radiomet-
ric ages (K-Ar, 40Ar/39Ar, and 14C) and whole-rock chemical analyses exist for onland volcanic 
deposits from the CSK centers, particularly Santorini, along with glass major and trace element 
analyses for marine ash layers back to 200 ka (e.g., Druitt et al., 1999; Wulf et al., 2020; Kutterolf et 
al., 2021a, 2021b).

4. Scientific objectives

4.1. Objective 1: arc volcanism in an active rift environment

Leading hypothesis: the CSK volcanic field has developed in a complex manner through time.

Analysis of existing seismic profiles northeast and southwest of Santorini have led to an interpre-
tation of the development of the volcanic field in space and time (Figure F4). This interpretation 
invokes (in chronological order) the development of the Christiana Volcano (late Pliocene), fol-
lowed by Kolumbo Seismic Units K1 and K2 and an offshore submarine center (Poseidon; early 
Quaternary), a chaotic mass transport deposit (MTD) of unknown origin, deposits from the Ak-
rotiri and Peristeria Volcanoes, the Kolumbo eruption corresponding to Unit K3 and Kolumbo 
submarine cones (0.65–0.35 Ma), and the post-0.35 Ma explosive products of Santorini (Thera 
Pyroclastic Formation) and Kolumbo eruptions corresponding to Units K4 and K5.

We will test this hypothesis using cores from all sites to reconstruct a complete volcanic strati-
graphy of the CSK volcanic field since rift inception in the Pliocene, consistent with both onshore 
and offshore constraints. Were there earlier, now-buried volcanic centers in the area? How are 
large eruptions distributed spatially and temporally along the volcanic field? What is the enigmatic 
chaotic submarine Unit U4 (Figure F4) observed seismically by Preine et al. (2022)? How do erup-
tive styles at individual centers evolve through time? Using seismic profiles linked to the cores, we 
will estimate eruptive volumes and fluxes for the different eruptive centers and for the CSK field as 
a whole.

Eruption products will be preserved in the rift basins not only as tephra fallout but also as turbid-
ites channeled down the basin axes from volcanoes upslope (e.g., Schmincke and Sumita, 1998). 
Using criteria for recognizing eruption-related turbidites (Table T1), we will correlate primary 
volcaniclastic beds based on chemical and textural criteria between cores, as well as link core 
material to the source volcano using onland (subaerial Christiana; Santorini) and drilled (subma-
rine Kolumbo) near-source sequences. Bed-to-bed and seismic unit-to-unit correlation between 
cores will use major and trace element compositions of juvenile blocks or lapilli, glasses, crystal-
hosted glass inclusions (e.g., Brandl et al., 2017), and phenocrysts. Pyroclast textures (e.g., vesicle 
abundances, sizes, and shapes) and accidental lithic assemblages will aid in correlation, as will 
physical properties measured aboard JOIDES Resolution. Correlation of volcaniclastics to source 
volcanoes will exploit established chemical and mineralogical differences between the different 
volcanic centers, extending chemical correlation databases already developed for the <0.2 Ma 
tephra layers (Figure F3C; Kutterolf et al., 2021a, 2021b). Tephra fall layers from other circum-
Mediterranean volcanoes will serve as marker beds (Satow et al., 2015; Wulf et al., 2020). Absolute 
dates of cored volcanic layers based on (1) published onshore ages, (2) published ages of marine 
tephra fall layers, and (3) new radiometric age determinations on suitably fresh drilled pyroclasts 
(Table T1) will refine the volcanic chronostratigraphy. The results will contribute to existing facies 
models for explosive volcanoes in marine settings (e.g., Schmincke and Sumita, 1998).
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4.2. Objective 2: the volcano-tectonic connection

Leading hypothesis: rifting has exerted a control on spatial and temporal development of vol-
canism in the CSK volcanic field, with links between major crustal tectonic events and 
eruption history.

Studies of Miocene plutons, fault patterns along the modern-day arc, and relationships between 
regional seismicity and caldera unrest at Santorini in 2011–2012 all hint at intimate relationships 

Table T1. Selection of methods related to primary objectives, Expedition 398.
22 publications.iodp.org · 14



T. Druitt et al. Expedition 398 Scientific Prospectus

https://doi.org/10.14379/iodp.sp.398.20
between Aegean volcanism and crustal tectonics (Kokkalas and Aydin, 2013; Feuillet, 2013; Rabil-
lard et al., 2018; Heath et al., 2021). We will test the leading hypothesis by (1) reconstructing the 
histories of subsidence and tectonics of the Anhydros, Anafi, and Christiana Basins from our drill 
cores and seismic records, (2) integrating them with our volcanic chronostratigraphy, and (3) seek-
ing relationships between CSK volcanism and major crustal tectonic events.

We will reconstruct the sedimentary and subsidence histories of the basins using sediment-
focused chronostratigraphic techniques: biostratigraphy, oxygen isotope and sapropel records, 
magnetostratigraphy, and relative magnetic paleointensity (Table T1) while noting that high sedi-
mentation rates (order of magnitudes of 0.1 mm/y in the rift basins, 1 cm/y in the caldera, and >1 
m/y for eruption units) and slumping may complicate use of these methods. Inclusion of the vol-
canic record will then build a detailed, rift-wide stratigraphy with multiple independent age mark-
ers, enabling construction of a Bayesian age model for each basin (Lougheed and Obrochta, 2019). 
Benthic foraminifers from fine-grained sediments (low-energy environments where the likelihood 
of microfossil reworking is reduced) will provide estimates of paleowater depth and, via integra-
tion with seismic profiles and chronologic data, time-integrated basin subsidence rates (Pal-
likarakis et al., 2018). Benthic foraminifers can predict water depths as deep as 850 m with 
accuracies of ±50 m in the Mediterranean back to the early Pleistocene (Avnaim-Katav et al., 2016; 
Milker et al., 2017).

Major rifting events in the basins will be recognized on seismic profiles principally from onlap 
surfaces (five of which have been recognized to date in the Anhydros and Anafi Basins; Figure F5) 
and levels of fault termination, assisted by predominant microfault directions logged in the cores. 
The presence of thick seismogenic turbidites (Goldfinger, 2011; Polonia et al., 2013; Sumner et al., 
2013; Table T1) and/or homogenites (slumping of hemipelagic muds; Beck et al., 2007) in the 
cores may record large-magnitude seismic events and tsunamis.

By exploiting downhole seismic velocity measurements, we will match our core stratigraphies to 
seismic profiles and generate a time series of intercorrelated volcanic and tectonic histories of the 
basins that will be used to seek relationships between volcanism and major tectonic events. When 
did volcanism start relative to rifting? Do large tectonic events recorded by the five main onlap 
surfaces in the Anhydros and Anafi Basins or any prominent seismogenic sedimentary beds cor-
relate with (1) activation of the different volcanic centers, (2) changes in eruptive style (e.g., the 
onset of major explosive activity at Santorini at 360 ka), or (3) particularly large explosive erup-
tions? In particular, did the change from symmetric (Basin Units B1–B3) to more asymmetric 
(Units B4–B6) rifting northeast of Santorini coincide with a change in the rate or type of volca-
nism at any of the CSK centers? Can we relate the reconstruction of rift development and volca-
nism to published histories of Hellenic subduction, slab rollback, and back-arc extension (Jolivet 
et al., 2013)?

We will also investigate how sea level modulates volcanic activity, although this will be challeng-
ing. There is already evidence for a sea level influence on Mediterranean volcanism (McGuire et 
al., 1997; Sternai et al., 2017; Satow et al., 2021). Our proposed drill core–based eruption time 
series will enable us to push these investigations into the Pliocene and exploit existing sea level 
curves back to 5 Ma (Grant et al., 2012, Rohling et al., 2014). Approximate paleodepth data from 
benthic foraminifers may help quantify the eustatic and regional tectonic contributions to sea level 
variations.

4.3. Objective 3: arc magmatism in a region of extending crust

Leading hypothesis: rift-driven crustal thinning influences magma petrogenesis through its ef-
fects on magma storage, differentiation, and contamination in the crust.

Magmas of the CSK field have ascended through 18–20 km of rifted continental crust, which has 
influenced their chemical and isotopic evolution (Bailey et al., 2009; Elburg et al., 2014). Primitive 
basaltic melts rise into the crust, where they evolve to intermediate and silicic compositions 
through fractional crystallization, crustal melting/assimilation, and magma mixing (Cashman et 
al., 2017). Crustal differentiation pathways vary significantly in the CSK field (Mortazavi and 
Sparks, 2004; Klaver et al., 2016a). Some silicic magmas such as those of Christiana, Santorini 
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(>550 ka), and Kolumbo show evidence (low Y, high Ba/Y, and low Dy/Yb) of interaction with am-
phibole-rich regions in the lower crust (amphibole “sponge” of Davidson et al., 2007), whereas 
others (Santorini < 550 ka) lack such evidence and differentiate by fractional crystallization of an-
hydrous minerals (Francalanci et al., 2005). The factors governing formation of an amphibole 
sponge, or lack of it, are debated (Smith, 2014; Klaver et al., 2018). At the CSK volcanic field, vari-
ations in the stability of amphibole cannot be attributed to differences in major element composi-
tions or water contents of the primary magmas, so external factors may be responsible. It is likely 
that the structure of the rifted crust governs the polybaric ascent history of the CSK magmas, with 
evolving faults, density interfaces, and rheological transitions (Jolivet et al., 2013) controlling lev-
els of magma storage and differentiation (Flaherty et al., 2018), as observed in the exhumed Mio-
cene magmatic complexes of the Aegean (Rabillard et al., 2018).

Estimates from rift cross sections (Nomikou et al., 2018) suggest 10%–20% of horizontal extension 
since the late Pliocene, corresponding to 2–4 km of crustal thinning. This progressive rifting and 
thinning of the continental crust beneath and around the CSK volcanoes allows us to test the lead-
ing hypothesis. Most of the volcaniclastics in our basin drill holes will probably be from explosive 
eruptions of intermediate or silicic magmas. We will investigate magma genesis using major, trace, 
and multi-isotopic data on suitably fresh rocks. Volatile contents of crystal-hosted melt inclusions 
and mineral-barometry techniques will be used to quantify magma storage depths during ascent 
prior to eruption (Table T1). These data will constrain how mantle source characteristics and het-
erogeneity (Bailey et al., 2009; Klaver et al., 2016b), degree of magma contamination by the crust, 
and the role of lower crustal amphibole have varied in space and time since the Pliocene across the 
volcanic field.

4.4. Objective 4: unraveling an iconic caldera-forming eruption

Leading hypothesis: the LBA caldera-forming eruption shed large volumes of tsunami-gener-
ating pyroclastic flows into the sea, forming marine deposits up to 80 m thick.

The LBA eruption of Santorini has attracted attention for many decades (Friedrich 2009), and the 
onland products have been studied in detail (Sparks and Wilson, 1990; Druitt, 2014). More re-
cently, seismic studies have imaged the LBA products both outside (Sigurdsson et al., 2006) and 
inside (Johnston et al., 2015) the caldera, although their firm identification on seismic profiles is 
problematic because of the many other eruptions and tuffs with which they can be confused. Full 
understanding of this famous eruption awaits deep drilling, although new interpretations based 
on the new 2019 seismic profiles are already ongoing (J. Karstens, pers. comm., 2021).

The eruption began with phases of Plinian fallout and violent phreatomagmatic explosions, fol-
lowed by outpouring of hot pyroclastic flows into the sea. The eruption caused collapse of the 
present-day caldera, but whether collapse took place during or after the eruption is not known 
(Sparks and Wilson, 1990). Tsunamis that impacted the coasts of the Eastern Mediterranean and 
northern Crete (Bruins et al., 2008) may have been generated by the entry of pyroclastic flows into 
the sea (Nomikou et al., 2016a). Impacts of these waves on ports, shipping, and trade have been 
implicated in weakening the Minoan civilization on Crete prior to its collapse (Bruins et al., 2008).

LBA tuffs accumulated outside the caldera are inferred from seismic profiles to be up to 80 m thick 
and have an estimated volume in the range of 30–60 km3 (dense-rock equivalent; Pyle, 1990; Sig-
urdsson et al., 2006). Drilling will enable us to test the leading hypothesis by coring the LBA depos-
its both outside and inside the caldera and by groundtruthing the seismic profiles using downhole 
measurements of seismic velocities. Conventional gravity coring is not sufficient for this purpose 
because the LBA deposits are far too thick. Outside the caldera, drilling will penetrate the LBA 
submarine pyroclastic flows at primary Sites CSK-03A and CSK-13A, testing the published seis-
mic interpretation. This will in turn enable refined volume estimates for the flows, feeding into 
models of tsunami impact on the Bronze Age Aegean world (Novikova et al., 2011). Textural and 
paleomagnetic (thermal remanent magnetism; Table T1) analysis of the flow deposits will charac-
terize the transformation of (hot) subaerially erupted pyroclastic flows into (cold) debris flows and 
turbidity currents upon entry into the sea (Schmincke and Sumita, 1998; Kutterolf et al., 2014).
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Inside the Santorini caldera, we will drill to 234 mbsf in the northern caldera basin (Site CSK-05C) 
and to 360 mbsf in the southern basin (Site CSK-07B). Seismic Units S1 (cliff mass wasting), S2 
(Kameni volcaniclastics), and S3 (possible flood deposit) in the caldera have a combined thickness 
of 185 m at Site CSK-05C and 218 m at Site CSK-07B (Figure F7D–F7F). Thus, our anticipated 
drilling will penetrate the top of the sub-S3 unit that is thought to possibly be intracaldera LBA 
tuffs. By drilling into the LBA tuffs in the caldera, we will be able to estimate their minimum vol-
ume, which we can then combine with volume estimates for LBA deposits onshore and offshore 
(outside of the caldera) to make a new, much more precise (minimum) estimate of the erupted 
volume.

We will also identify the deposits from different eruptive phases in the caldera fill and correlate 
them using textural and chemical criteria with the well-studied onland sequences (Druitt, 2014). 
The relative thicknesses of pyroclastic flow deposits inside and outside the caldera will tell us 
whether the caldera collapsed during or after the eruption (Sparks and Wilson, 1990; Druitt, 
2014): pyroclastic flows can pond to great depths inside calderas if collapse takes place during 
eruption, but not if it occurs afterward (Lipman, 1997).

4.5. Objective 5: volcanic hazards from submarine silicic eruptions

Leading hypothesis: shallow-marine explosive eruptions of water-rich silicic magmas driven 
mainly by magmatic degassing, and with dispersion by fallout and density currents, have 
occurred repeatedly in the neighborhood of Santorini.

A potential future hazard at Santorini is a submarine eruption of the Kameni or Kolumbo Volca-
noes similar to the one in 1650 but probably not as large. Better understanding of the dynamics of 
such eruptions will enable us to improve risk mitigation strategies in this highly populated and 
densely visited part of the Eastern Mediterranean (Vougioukalakis et al., 2016).

Three-quarters of global volcanism occurs under the sea, but the dynamics of submarine erup-
tions is poorly understood, particularly those of water-rich silicic magmas at island arcs (White et 
al., 2015, Carey et al., 2018). Possible tephra production mechanisms in the submarine realm 
include explosive fragmentation by bubble growth (magmatic explosive eruption), explosive frag-
mentation by water-magma interaction (phreatomagmatic explosive eruption), and autoclastic 
fragmentation (effusive eruption and hyaloclastite formation). The exact mechanisms likely 
depend on magma composition, magma volatile content, magma flux, and water depth (Rotella et 
al., 2015).

Studies of the 1650 Kolumbo eruption products show that the eruption was driven mainly by pri-
mary degassing of the water-rich silicic magma, but with a component of phreatomagmatic frag-
mentation, and that the deposits were emplaced by a combination of subaerial plumes, submarine 
plumes, and density currents (Cantner et al., 2014; Fuller et al., 2018). Drilling at Site CSK-03A will 
enable us to traverse the products of at least three earlier explosive eruptions of Kolumbo (Seismic 
Units K1–K3). We will use combined petrological, chemical, and textural studies (Table T1) to 
compare these earlier submarine eruptions to the one in 1650, test the leading hypothesis, and 
arrive at a general model for this rarely accessible type of submarine volcanism. Use of textural 
criteria for magmatic versus phreatomagmatic fragmentation (Table T1) will allow us to better 
understand the interplay of these processes as the Kolumbo cone grew through successive erup-
tions, with implications for tsunami genesis (Ulvrova et al., 2016).

Inside the Santorini caldera (Sites CSK-05C and CSK-07B), Seismic Unit S2 will provide access to 
a time series of postcaldera volcanism that dates back to the birth of Kameni after the LBA erup-
tion to its emergence in 197 BCE. Using similar methods to those used at Kolumbo, we will recon-
struct the history of eruption style (magmatic explosive, phreatomagmatic explosive, and/or 
effusive) during the growth of Kameni from 400 m water depth to the surface (sea level has 
changed <1 m over the past 3600 y). Has Kameni always been effusive, or has it had explosive 
submarine phases like Kolumbo that would need to be accounted for in hazard assessments? If so, 
did Kameni underwater eruptions exhibit the same dynamics as those of Kolumbo, given that both 
edifices erupt silicic magma?
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The Kameni time series is also of petrological interest because it records the onset of a new caldera 
cycle following the LBA eruption (Pyle and Elliott, 2006). It is rare to have such a petrologic record 
of postcaldera volcanism at an arc caldera; the magmatic transition and long subsequent evolution 
of the new intracaldera volcano are seldom both preserved. Onland Kameni dacitic magmas and 
their mafic enclaves form a geochemical series that is lower in contents of incompatible elements 
(e.g., K, Rb, Nb, and Zr) than the LBA magma that preceded it and represent the arrival of a new 
magma batch from depth following the LBA eruption (Huijsmans et al., 1988; Zellmer and Turner, 
2007). What compositions were the first Kameni magmas to erupt, and how have they evolved 
over the subsequent 3600 y? When did the changeover from residual LBA-type to Kameni-type 
magma take place, with what implications for posteruptive solidification of the LBA magma reser-
voir? Do barometric techniques such as the volatile contents of crystal-hosted melt inclusions 
(Druitt et al., 2016) record changes in magma storage depth over the lifetime of the Kameni Vol-
cano? What are the implications for the mechanisms of postcaldera volcanism at Santorini and 
elsewhere?

4.6. Objective 6: transition from continental to marine environments 
in the southern Aegean
Drilling in the Christiana, Anhydros, and Anafi Basins (Sites CSK-13A, CSK-01A, and CSK-09A; 
Figures F5, F6) will enable us to pierce the entire basin stratigraphy and reach the basement 
unconformity (presubsidence land surface). This provides the opportunity to reconstruct the envi-
ronmental histories of the basins from continental to deep marine stages, as well as the evolution 
of the Eastern Mediterranean paleoclimate, since the Pliocene. It will build on the ongoing analysis 
of cores from Site 378 in the Cretan Basin (Hsü et al., 1978) and will enable the establishment of a 
robust sedimentary reconstruction and time framework across the southern Aegean.

Uplift and erosion of the Aegean crust in the middle to late Miocene was followed by subsidence 
and marine transgression in the Pliocene and Quaternary. Seismic profiles at the Aegean margins 
reveal a gradual subsidence over 400,000 y (Lykousis et al., 2009). Commercial boreholes in the 
northern Aegean have revealed alluvial and lacustrine conditions in the Pliocene and early Pleisto-
cene prior to marine transgression (Faugeres and Robert, 1976). However, the subsidence history 
in the southern Aegean is poorly known because of the paucity of offshore studies. We will build a 
high-resolution biostratigraphic framework for the recovered cores that along with stable isotope 
and alkenone profiles will provide a first-order bed-to-bed age control to be integrated into the 
chronological model of Objective 1 (Table T2). We will then extract a time series of paleo-
environmental data from the cores using assemblages of calcareous nannofossils, benthic foramin-
ifers, dinoflagellates, and pollen, refined by stable oxygen and carbon isotopes, total organic 
carbon, major and trace elements, and organic biomarkers for selected depth intervals (Table T2).

4.7. Objective 7: biological systems reactions to volcanic eruptions 
and seawater acidification
The deep-marine biosphere hosts a large component of the world’s microbial ecosystems, but little 
is known about them (Parkes et al., 2000; Schippers et al., 2005). Marine microbes have evolved to 
respond to environmental challenges, resulting in different survival mechanisms, growth strate-
gies, and genetic adaptations. Knowing that the Santorini caldera harbors highly diverse, metabol-
ically complex microbial communities (Oulas et al., 2016; Christakis et al., 2018), we will use core 
material from inside the caldera (Sites CSK-05C and CSK-07B) to characterize the living and fos-
silized subseafloor biological communities present. By applying the latest developments in analyt-
ical (geo)microbiology technologies, we will document the sizes, genetic variabilities, and 
metabolic functions of subsurface ecosystems to 300–400 m depth. We will also explore past 
anoxic events in the caldera subsurface, extant biological activity, and trace fossils of extinct sea-
floor life. Cores will offer potentially continuous records of (1) the impact of repeated eruptions of 
the Kameni Volcano, hydrothermal fluids, and seawater acidification on biological activity and 
(2) subsequent recolonization of the caldera floor (Danovaro et al., 2017).

Analytical methods will include cultivation experiments and state-of-the-art molecular omics 
study techniques to get a full picture of biological structural diversity, functional diversity, and 
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metabolic complexity (Table T2). Special emphasis will be given to the characterization of 
microbes associated with specific metabolic reactions and the identification of key metabolic pro-
cesses. Effects of eruption-associated water acidification will be studied using synchrotron X-ray 
tomography for 3-D reconstructions of calcareous nannofossils (coccolithophores; Hönisch et al., 
2012; Beuvier et al., 2019).

Table T2. Selection of methods and legal protocols relevant to Objectives 6 and 7, Expedition 398. MIS = marine isotope 
stage.
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Study of drill cores and pore fluids will investigate the relationship between extant or fossilized 
subseafloor microbial communities and subseafloor biogeochemical and mineralization pro-
cesses, particularly the relative importance of Fe released from hydrothermal activity in sustaining 
subseafloor biomes (Templeton, 2011).

It is assured that the access, distribution, and study of microbial samples taken during Expedition 
398 will be implemented in full compliance with the Nagoya Protocol (Table T2).

5. Drilling and coring strategy
Expedition 398 will include coring and logging operations in the eastern Aegean Sea. The coring 
program encompasses six primary sites and twelve alternate sites in ~300–700 m water depth. 
Two primary (Sites CSK-05C and CSK-07B) and five alternate sites are located inside the Santorini 
caldera, one primary (Site CSK-03A) and three alternate sites cover the slope of the submarine 
Kolumbo Volcano, and the other primary (Sites CSK-01A, CSK-09A, and CSK-13A) and alternate 
sites target the surrounding basins (Figure F1). The proposed primary and alternate sites are 
described further below. All sites are located in Greek territorial waters. The final operations plan 
and number of sites to be cored is contingent upon the overall JOIDES Resolution operations 
schedule (http://iodp.tamu.edu/scienceops/index.html), the outcome of requests for territorial 
permission to occupy these sites, and any operational risks (see Risks and contingency).

Addressing the various scientific objectives requires a coring strategy of multiple holes at each site 
(outlined in Tables T3 and T4 for primary and alternate sites, respectively). In a first step, every 
drill site will be established using the advanced piston corer (APC)/half-length APC (HLAPC) sys-
tem (see http://iodp.tamu.edu/tools) to penetrate to refusal and deploy nonmagnetic core bar-
rels in the initial hole (Hole A). Refusal is expected to occur in indurated sediments around 150 
mbsf. Further deepening will be achieved with the extended core barrel (XCB) system 
(http://iodp.tamu.edu/tools) in the same hole and is expected to reach the target depth at Sites 
CSK-03A and CSK-09A. To achieve an optimum in stratigraphic completeness, a second hole 
(Hole B) using the same coring strategy is planned at Sites CSK-01A, CSK-03A, CSK-13A, and 
CSK-09A. Depending on time constraints, a spot coring strategy (i.e., alternation of coring and 
drilling without core recovery) may need to be implemented in Hole B at Site CSK-09A to comple-
ment stratigraphic gaps from Hole A at this site. A third hole (Hole C) using the 
APC/HLAPC/XCB coring strategy is planned for Site CSK-03A to ensure recovery of the most 
complete stratigraphic succession and to overcome the more challenging sediment formation con-
ditions at the slope of the submarine Kolumbo Volcano. Sites CSK-01A and CSK-13A have the 
deepest drilling target depths (>765 mbsf ), including intersection of continental acoustic base-
ment; thus, Hole C at these sites requires deployment of the rotary core barrel (RCB) coring sys-
tem (http://iodp.tamu.edu/tools). Penetration of more challenging rock formations, expected in 
the deeper caldera stratigraphy, require Hole B at the two Santorini caldera sites (CSK-05C and 
CSK-07B) to be established with the RCB coring system to reach the respective drilling target 
depths. The preliminary operations plan for Expedition 398 is shown in Table T3. Figure F10 dis-
plays the associated operations schematic for all primary sites.

The APC coring system ensures recovery of not only the least disturbed, most complete sediment 
stratigraphy and tephrostratigraphy but also the cleanest possible cores for addressing microbiol-
ogy and sediment geochemistry with minimized seawater contamination (House et al., 2003; 
Lever et al., 2006; Schindlbeck et al., 2016). XCB coring will still produce intermediate-quality 
cores suitable for stratigraphic tasks and for some microbiology and most geochemistry sampling 
and analysis purposes, if necessary, especially because multiple holes are drilled.

At each site outside the Santorini caldera, cores from Hole A will be dedicated to stratigraphy, 
micropaleontology, structural geology, and lithology. In the caldera, Hole A will also serve as a 
pilot hole for microbial sampling. Hole B cores will be subject to pore water and solid-phase geo-
chemistry analyses. At the intracaldera sites, the deeper cored section of Hole B will also be sub-
ject to microbial sampling. Cores recovered from Hole C will be used mainly for the deeper 
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stratigraphy, lithology, and mineralogy where the RCB coring tool is used, as well as for comple-
menting structural and micropaleontological analyses at the Kolumbo Volcano site.

All full-length APC cores will be oriented using the Icefield MI-5 core orientation tool. Time-effi-
cient temperature measurements will be taken in Hole A and, if applicable or necessary, in Hole B 
using the advanced piston corer temperature (APCT-3) tool, which is contained inside the APC 
coring shoe. In sediments that are too consolidated to deploy the APCT-3 tool, additional tem-
perature measurements may be taken using the Sediment Temperature 2 (SET2) tool or sediment 
temperature pressure tool (SETP), which may include selected depth intervals drilled by the XCB 
coring system. If temperature monitoring in holes indicates downhole temperatures exceeding the 
ratings of both the APCT-3 and SET2/SETP tools (100°C; see http://iodp.tamu.edu/tools/log-
ging), the deployment of an ultrahigh-temperature probe will be required (see Wireline log-
ging/Downhole measurements strategy and Risks and contingency).

Table T3. Operations plan and time estimates for primary sites, Expedition 398. mbsl = meters below sea level. EPSP = Envi-
ronmental Protection and Safety Panel.
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Table T4. Time estimates for alternate sites, Expedition 398. mbsl = meters below sea level. EPSP = Environmental Protec-
tion and Safety Panel.
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If borehole conditions permit, downhole wireline logging is planned in Hole B (Sites CSK-05C, 
CSK-07B, and CSK-09A) or C (Sites CSK-01A, CSK-03A, and CSK-13A) at each site upon comple-
tion of coring. For this purpose, the corresponding hole will be conditioned, filled with logging 
mud, and logged according to the logging strategy (see Wireline logging/Downhole measure-
ments strategy).

5.1. Proposed drill sites
Two of the six proposed primary drill sites (and three of the twelve alternate sites) are located 
inside the Santorini caldera. Three primary sites (and six alternate sites) target the adjacent Chris-
tiana, Anhydros, and Anafi Basins, whereas one additional primary site and three alternate sites 
are proposed for the slope of the submarine Kolumbo Volcano (Figure F1). Sites were initially 
selected based on a dense network of MCS and single-channel seismic reflection profiles from 
collaborating groups and publications (Figure F2A). All site-specific bathymetric maps and seis-
mic line positions are displayed in Site summaries.

5.2. Anhydros Basin site
Proposed primary Site CSK-01A and alternate Site CSK-15A are located ~10 km southeast from 
the Amorgos Island, whereas alternate Site CSK-02A is only 5 km away (Figures F1, F5, AF1, AF2, 
AF3). All sites are situated in the Anhydros Basin at water depths of around 490 meters below sea 
level (mbsl). The drill sites target the Pliocene–Quaternary volcano-sedimentary fill of the Anhy-
dros Basin to the depth of the Alpine basement. CSK sites in the Anhydros Basin are located 
downstream of the Kolumbo Volcano and the submarine terminus of the LBA pyroclastic flows. 
They are expected to yield volcaniclastics from Kolumbo eruptions and large Santorini eruptions 
but not smaller Santorini eruptions because of flow blocking by the Kolumbo volcanic chain.

Primary Site CSK-01A lies near the basin axis (Figure AF1) and should record the entire histories 
of Santorini and Kolumbo within the proposed drilling target depth of 765 mbsf. The anticipated 
lithologies are undisturbed hemipelagic muds, volcaniclastics, turbidites, and finally continental 
basement rocks (Mesozoic limestones, schists, and/or granites; Kilias et al., 2013). A gravity core, 
recovered 7 km to the east, indicates that the uppermost sediments on site will consist of hemi-
pelagic muds with ~8 cm/ky sedimentation rate and several interbedded, fine–coarse ash layers 
from Santorini, as well as sapropels (Core POS513-15; Kutterolf et al., 2021a, 2021b). The aim is to 
use deeper coring (and seismic profiles) to reconstruct the volcanic, sedimentary, and tectonic 
histories of the basin and to access a near-continuous time series of volcanism in the area since rift 
inception. The site will transect and characterize all six seismic packages of the Anhydros rift 
basin from the Pliocene to the present day (Units B1–B6) and the major onlap surfaces between 
them (Figure F5). For alternate Site CSK-02A, which is located closer to Amorgos, the sedimen-

Figure F10. Operations schematics for primary sites, Expedition 398.

200

400

600

D
ep

th
 b

el
ow

 s
ea

flo
or

 (
m

bs
f)

800

0

RCB coring

wireline logging

drilled without coring

APC/HLAPC coring
XCB coring

CSK-01A
Anhydros Basin

~11 days

489 mbsl
AB C

CSK-03A
Kolumbo volcano flank

~10 days

397 mbsl
A B C

300

500

700

100

CSK-13A
Christiana Basin

~12 days

489 mbsl
A B C

CSK-05C
Santorini caldera

~3 days

384 mbsl
A B

CSK-07B
Santorini caldera

~4 days

292 mbsl
A B

CSK-09A
Anafi Basin

~8 days

694 mbsl
A B

Continental basement
anticipated

900 Continental basement
anticipated

Continental basement
anticipated

Primary site
22 publications.iodp.org · 23



T. Druitt et al. Expedition 398 Scientific Prospectus

https://doi.org/10.14379/iodp.sp.398.20
tary fill is condensed, resulting in a target depth of 553 mbsf, including basement (Figure AF2). In 
contrast, alternate Site CSK-15A has only a slightly deeper target depth (800 mbsf; Figure AF3) 
than adjacent Site CSK-01A. Coring at the sites in the Anhydros Basin will address science Objec-
tives 1–4 and 6. Anhydros Basin operations will be complemented by drilling in the Anafi Basin to 
accomplish the fullest sampling of the submarine volcanic record because each basin taps a differ-
ent sediment distributary branch of the CSK system.

5.3. Kolumbo Volcano flank site
Proposed primary Site CSK-03A and alternate Sites CSK-16A and CSK-04C are located 4–7 km 
northwest of the submarine Kolumbo caldera on its flank in the Anhydros Basin at water depths of 
~370–400 mbsl, with Site CSK-04C targeting the most distal deposits if the more proximal sites 
are not successful (Figures F1, F9, AF4, AF5, AF6). In contrast, alternate Site CSK-21A is only 2 
km away on its southeastern flank at a water depth of ~300 mbsl (Figure AF7). The target depths 
of all sites range from ~565 (Sites CSK-03A and CSK-16A) to 581 (Site CSK-04C) to 630 mbsf (Site 
CSK-21A). Seismic profiles across the Kolumbo edifice reveal five units interpreted to be 
Kolumbo-derived volcaniclastics (Units K1–K5 from the base up), with Unit K5 representing the 
1650 eruption (Hübscher et al., 2015) (Figure F9). The submarine cones northeast of Kolumbo 
postdate Unit K2 on seismic profiles (Figure F4), but their products are not expected to be promi-
nent in our drill cores.

The aim of drilling on the flanks of Kolumbo is to penetrate the different seismically recognized 
volcanic eruption units from that volcano (Units K1, K2, K3, or K5 or their thin, lateral equiva-
lents), as well as many eruption units from Santorini and traces from the submarine cones north-
east of Kolumbo. This will enable characterization of the products of the Kolumbo eruptions, as 
well as construction of a coherent stratigraphy for Santorini and the submarine Kolumbo volcanic 
chain together; this will then feed into scientific Objectives 1–6. The alternate sites are placed at 
different distances from the Kolumbo vent to avoid possible coarse, bouldery volcaniclastic facies 
of Seismic Units K1–K5. The anticipated lithologies are volcaniclastics, muds, and turbidites. Pri-
mary Site CSK-03A lies at the foot of the Kolumbo edifice; it will allow us to drill Units K1, K2, K3, 
and K5 and therefore nearly the entire history of the Kolumbo Volcano within the proposed drill-
ing target depth of 566 mbsf (Figure AF4). Four intercalated seismic units (SK1–SK4; probably 
hemipelagic muds and volcaniclastics) will contain the products of Santorini eruptions, including 
potentially those of smaller magnitude than recorded at the more distal basin sites (Figure F9). 
Gravity cores recovered ~9 km to the west contain ash-to-lapilli pyroclastic layers from the 
Kolumbo 1650 and LBA eruptions intercalated within hemipelagic sediments (clayey silt to sandy 
silt). Sediments 15 and 9 km to the northwest and south, respectively, contain the typical tuffa-
ceous hemipelagic muds of the region deposited at sedimentation rates of 5–8 cm/ky (Cores 
POS513-14, POS513-26, and POS513-20; Kutterolf et al., 2021a, 2021b).

Three alternate sites have been identified in the event of difficulties at the primary site. Alternate 
Site CSK-16A is located 1 km southeast of primary Site CSK-03A on the flank of Kolumbo and 
covers similar objectives in the slightly thicker seismic units at the same target depths. Drilling and 
coring using a strategy similar to that for Site CSK-03A are planned to 565 mbsf to penetrate four 
of the five identified seismic units associated with the Kolumbo Volcano and additionally recover 
intercalated stratigraphic sequences bearing pyroclastic deposits from Santorini (Figures F9, 
AF6).

The proximal location of south-southeast flank alternate Site CSK-21A to the vent of the Kolumbo 
Volcano ensures penetration of three Kolumbo-related seismic units (K1, K3, and K5) and two 
interbedded seismic units (SK3 and SK4) that are foreseen to contain Santorini deposits within the 
target depth of 630 mbsf (Figure AF7).

The third alternate site, CSK-04C, is located 3 km northwest of primary Site CSK-03A at the base 
of the Kolumbo edifice (Figures F1, AF5). The site has a target depth of 581 mbsf and is the backup 
plan if all other Kolumbo sites encounter too many difficulties by drilling into the proximal volca-
niclastic sequences of the Kolumbo Volcano. Although this site penetrates all four seismic units 
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containing eruption products of Santorini (Units SK1–SK4), it only penetrates the uppermost unit 
from Kolumbo (Unit K5; Figure AF5).

5.4. Christiana Basin site
Primary drill Site CSK-13A and alternate Sites CSK-14A and CSK-20A are located ~4 km north to 
northwest of Christiana Island and 18–20 km southwest of Santorini (Figures F1, F6, AF8, AF9, 
AF10). All sites are situated in the Christiana Basin at water depths of 500–520 mbsl. The drill 
sites target the Pliocene–Quaternary volcano-sedimentary fill of the Christiana Basin. This basin 
is deeper than the Anhydros and Anafi Basins; its volcano-sedimentary fill potentially records the 
earlier volcanic history of the CSK volcanic field (including the products of Christiana and early 
Santorini), as well as younger Santorini and possibly Milos. The extinct Christiana Volcano pro-
duced lavas and tuffs of unknown ages (Aarburg and Frechen, 1999), but a particularly large 
ignimbrite found on neighboring islands is tentatively dated at 1.00 ± 0.05 Ma (Keller et al., 2010).

Primary Site CSK-13A will pass through Units U1–U6, including volcaniclastics from both Santo-
rini and Christiana, to the first few meters of prevolcanic basement at the 857 mbsf target depth 
(Figure AF8). It will address scientific Objectives 1–4 and 6 (Figure F6). The anticipated litho-
logies are hemipelagic muds, volcaniclastics, turbidites, pumiceous tuffs, debris flows, and conti-
nental basement rocks (Mesozoic limestones, schists, and/or granites; Kilias et al., 2013). A gravity 
core recovered 7 km to the south-southwest indicates that the uppermost sediments on site will be 
characterized by hemipelagic muds (~6 cm/ky sedimentation rate) and several interbedded, fine- 
to medium-grained ash layers from Santorini and Milos (Core POS513-9; Figure F2B; Kutterolf et 
al., 2021a, 2021b).

The overall aim here is to use the deeper coring (and seismic profiles) to reconstruct the volcanic, 
sedimentary, and tectonic histories of the Christiana and Milos Volcanoes, complement the San-
torini volcanic record of the northeastern basins, and therefore access a near-continuous time 
series of volcanism west of Santorini since rift inception.

Although alternate Site CSK-20A has a slightly deeper target depth of 909 mbsf and encounters 
the same seismic units as primary Site CSK-13A at similar thicknesses, the sedimentary fill at 
alternate Site CSK-14A, which is closer to the rim of Christiana Basin, is condensed (Figures AF8, 
AF9, AF10). This results in a target depth of only 756 mbsf, including basement. Alternate Site 
CSK-14A is therefore an option to reduce operational time if necessary while still ensuring the 
recovery of the entire stratigraphic sequence at a slightly lower resolution.

5.5. Santorini caldera sites
Proposed primary drill Site CSK-05C and alternate Site CSK-06B are sited 1 km apart in the north-
ern basin of the Santorini caldera at a water depth of ~380 mbsl (Figures F1, F7, F8, AF11, AF12). 
Complementary primary drill Site CSK-07B and its two alternate Sites CSK-08B and CSK-18A are 
located south of the Kameni intracaldera volcano in the southern caldera basin at water depths of 
~290 mbsl; these sites complete the drilling initiative in the Santorini caldera (Figures F1, F7, F8, 
AF13, AF14, AF15). Both primary caldera sites will sample intracaldera Seismic Units S1–S3, test 
the published correlations between the two caldera basins, penetrate below Unit S3 (Figure F8), 
and address scientific Objectives 1, 4, 5, and 7. The seismic units probably consist of muds and 
sands from cliff mass wasting (Unit S1), compacted (possibly lithified) sandy volcaniclastics from 
Kameni Volcano (Unit S2), and consolidated coarse blocky tuffs, landslide debris, and/or flood 
gravels (Unit S3). The goals are to groundtruth the different seismic units; document the pro-
cesses, products, and potential impacts of the LBA eruption; reconstruct the eruptive history of 
Kameni Volcano; and penetrate below Unit S3. The combined approach of drilling in the northern 
and southern caldera basins will enable us to test several hypotheses regarding the LBA caldera-
forming eruption of Santorini. By drilling both caldera basins and exploiting our dense seismic 
reflection coverage, we will gain access to the 3-D architecture of the entire caldera fill and will 
better understand the relative roles of downfaulting and downsagging in the LBA caldera collapse 
(Acocella, 2007). We will also target the question of why the northern basin is 100 m deeper than 
the southern one, with a thicker Unit S1 but thinner Unit S3, and if the northern caldera basin 
already existed prior to the LBA eruption, as proposed (Athanassas et al., 2016). Finally, we will be 
22 publications.iodp.org · 25



T. Druitt et al. Expedition 398 Scientific Prospectus

https://doi.org/10.14379/iodp.sp.398.20
able to test whether Unit S3 consists of flood debris from the caldera-flooding event (Nomikou et 
al., 2016a) or represents LBA intracaldera tuffs (Johnston et al., 2015). Although we will not drill 
into the cylindrical low-density seismic anomaly that extends from 400 to 3000 mbsf beneath the 
northern caldera basin (PROTEUS seismic tomography experiments; Hooft et al., 2019), charac-
terization of the layers above it will place constraints on its stratigraphic and structural relation-
ships with the shallow (<400 m) intracaldera fill. Because the axis of the anomaly coincides with 
the focus of uplift in 2011–2012 (Figure F7), we may also get a better understanding of the mech-
anisms of caldera unrest. The northern primary Site CSK-05C is located north of this low-velocity 
seismic anomaly and centered on the focus of caldera floor uplift during the unrest period in 
2011–2012 (Figure AF11). This site will also be used for the microbiological work of Objective 7 
and has a target depth of 234 mbsf. Alternate Site CSK-06B is located 1 km north-northwest of Site 
CSK-05C and covers the edge of the 2011–2012 caldera floor uplift with a target depth of 360 mbsf 
(Figure AF12). We expect at both sites lithologies consisting of muds, turbidites, debris flows, vol-
caniclastics, coarse breccias, gravels, unwelded and welded tuffs, and lavas.

Primary Site CSK-07B is located in the southern basin of the Santorini caldera. Besides penetra-
tion of intracaldera Seismic Units S1–S3, it also aims to core well below Unit S3 with a target depth 
of 360 mbsf (Figure AF13). Two alternate sites, CSK-08B and CSK-18A, with target depths of ~380 
mbsf address the same drilling objectives and are located 1.5 and 3 km southwest of primary Site 
CSK-07B, respectively (Figures AF14, AF15).

Recent heat flow measurements gave 506–1496 mW/m2 in the northern caldera basin and 8064 
mW/m2 in the southern caldera basin (Hannington et al., 2018), which is higher than the 56–63 
mW/m2 measured far from the volcanoes in the Anhydros Basin (and consistent with regional 
values of 60–80 mW/m2; Kalyoncuoglu et al., 2013). However, no high-temperature hydrothermal 
system has been recognized in the caldera. Only low-temperature hydrothermal areas (60°–100°C 
on Nea Kameni; 18°–20°C on the caldera floor) and pools of CO2-rich bottom water (Tassi et al., 
2013; Camilli et al., 2015) have been identified.

5.6. Anafi Basin site
Primary Site CSK-09A and alternate Sites CSK-10B and CSK-19A are located ~10 km southeast of 
Anhydros Island in the Anafi Basin (Figures F1, F5, AF16, AF17, AF18) at water depths of 680–
705 mbsl. The aim at all of these sites is to penetrate the entire volcano-sedimentary fill of this 
basin as far as the Alpine basement. The basin potentially records the full volcanic history of San-
torini (and any older centers) since rift inception but probably contains few eruptive products 
from Kolumbo. Drilling will enable reconstruction of the volcanic, sedimentary, and tectonic his-
tories of the Anafi Basin, allowing us to compare its evolution with that of the Anhydros Basin.

Site CSK-09A lies near the basin axis (Figure F5). Its proposed drilling target depth of 595 mbsf 
ensures intersection of all six seismic units (B1–B6) (Figures F5, AF16). The anticipated litho-
logies are undisturbed hemipelagic muds, volcaniclastics, and turbidites, as well as a couple of 
meters of continental basement rocks (Mesozoic limestones, schists, and/or granites; Kilias et al., 
2013). A gravity core retrieved 14 km to the northeast indicates that the uppermost sediments on 
site consist of hemipelagic muds with an average sedimentation rate of 6 cm/ky and several inter-
bedded, fine- to very coarse grained ash/fine lapilli layers from Santorini, as well as sapropels 
(Core POS513-14; Kutterolf et al., 2021a, 2021b).

Alternate Site CSK-19A has a much deeper target depth of 740 mbsf. It is situated directly on the 
basin axis and will therefore penetrate the uncondensed stratigraphy of the basin covering all six 
seismic units (Figure AF18). Alternate Site CSK-10B, in contrast, will recover a more condensed 
sedimentary fill further away from the basin axis on a structural high, missing Seismic Units B1–
B3, and therefore resulting in a reduced target depth of 363 mbsf, including continental basement 
(Figure AF17).
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6. Wireline logging/Downhole measurements strategy
Downhole wireline logging will be critical to characterize subseafloor lithologies and their struc-
tures, particularly regarding extrapolation to complete sections in deeper depth intervals where 
XCB and RCB coring may retrieve cores of lower recovery in stiff sediments and boulder deposits. 
We intend to deploy the available standard suites of downhole logging tools 
(http://iodp.tamu.edu/tools/logging) at all proposed drill sites, including the triple combination 
(“triple combo”) and Formation MicroScanner (FMS)-sonic tool strings extended by the borehole 
seismics tool string equipped with the Versatile Seismic Imager (VSI) to collect active seismic data 
for integration of borehole and surface seismic data. The logging tools will be run in the final hole 
at each site. However, coring is the top priority for every site, and the scheduled logging program 
may be modified or abandoned if the coring objectives are not met in the allotted time. Further-
more, the actual deployment of the logging tools will depend on downhole temperatures, which 
will be determined prior to each planned logging run by using (1) the APCT-3 (soft sediments) 
and SET2/SETP (consolidated sediments) tools (http://iodp.tamu.edu/tools/logging) and, if 
necessary, (2) an ultrahigh-temperature probe—the Elevated Temperature Borehole Sensor 
(ETBS) memory tool (borehole fluid temperature measurement)—in open boreholes established 
within sediment formations that are too rigid to deploy the SET2/SETP tool or once the tempera-
ture environment indicates values exceeding 80°C. In any case, priority will be given to minimizing 
the risk to the logging tools (see Risks and contingency). The triple combo tool string consists of 
the logging equipment head-mud temperature (LEH-MT) sonde, Accelerator Porosity Sonde 
(APS), Hostile Environment Litho-Density Sonde (HLDS), Hostile Environment Natural Gamma 
Ray Sonde–Enhanced Digital Telemetry Cartridge (HNGS-EDTC), High-Resolution Laterolog 
Array (HRLA)/Phasor Dual Induction-Spherically Focused Resistivity Tool (DIT), and Magnetic 
Susceptibility Sonde (MSS) (Figure F11). The FMS-sonic tool string consists of the Dipole Sonic 
Imager (DSI) tool (acoustic velocity) and FMS (resistivity imaging), including the LEH-MT and 
HNGS-EDTC (Figure F11). The VSI is usually combined with the EDTC that includes not only 
telemetry but also a basic gamma ray sensor (Figure F11). The VSI is used for check shot surveys 
(to obtain a depth-traveltime relation) and zero-offset vertical seismic profile (VSP) experiments 
(to obtain seismograms at the site). The configuration of the tool (i.e., number of sensor packages, 

Figure F11. Triple combo, FMS-sonic, and VSI downhole logging tool strings (see http://iodp.tamu.edu/tools/logging) 
intended for use during Expedition 398 wireline logging. For borehole fluid temperature below 85°C, all logging tools can 
be safely deployed. For higher temperatures up to 140°–170°C (depending on the tool), temperature-sensitive tools need 
to be removed from the tool suites and resulting shortened tool strings can be deployed.
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sensor spacing, and type of connection [stiff or flexible]) varies to provide the maximum versatility 
of the array.

Ideally, we will always implement three downhole deployments with different logging tool strings. 
The first run will always contain the triple combo tool string that measures density, neutron 
porosity, resistivity, and natural gamma radiation (NGR), along with borehole diameter (caliper 
log). The caliper log provided by the density tool will allow an assessment of hole conditions and 
the potential for success of subsequent logging runs. NGR data gathered by the triple combo may 
prove useful for correlation with NGR measurements taken from the cores on the ship. The sec-
ond logging run use the FMS-sonic tool string that measures NGR, sonic velocity, and oriented 
high-resolution electrical resistivity images, along with borehole diameter. The NGR data will be 
used to depth match the different logging runs. The compressional velocity logs can be combined 
with the density logs to generate synthetic seismograms for detailed seismic-log correlations. A 
third run at each site will consist of a check shot survey with the VSI to acquire a zero-offset VSP. 
The objective is to establish a direct link between lithostratigraphic depths in the borehole and 
reflectors in the seismic profiles. The necessary seismic source pulse for the check shots will be 
provided by generator-injector air guns deployed by crane. Their deployment is subject to compli-
ance with the IODP marine mammal protection policy; thus, the check shot survey would have to 
be postponed or canceled if policy conditions are not met.

The downhole logging data will be sent to the Lamont-Doherty Earth Observatory Borehole 
Research Group at Columbia University (New York, United States) for processing during the expe-
dition and returned to the shipboard downhole logging scientists for interpretation within days 
upon completion of the downhole logging runs at a given site.

If we encounter hydrothermal deposits or fluid recharge/discharge downhole, we will attempt the 
recovery of borehole hydrothermal fluids. Their sampling at depth will be implemented by deploy-
ment of the water sampler temperature probe (WSTP) in soft to semiconsolidated sediments at 
temperatures ≤85°C. At higher temperatures or in consolidated sediments and basement, we will 
run the high-temperature resistant Kuster Flow Through Sampler (FTS) (http://www.sword-
tek.com/yahoo_site_admin/assets/docs/Kuster_FTS.314194716.pdf), which is rated for a 
maximum of 232°C. Successful recovery of borehole hydrothermal fluids will aid studies of current 
hydrothermal activity, including its potential impact on subseafloor microbial communities in the 
Santorini caldera.

Detailed information on all logging tools outlined here can be retrieved from 
http://iodp.tamu.edu/tools/logging.

7. Risks and contingency
Three different coring systems (APC, XCB, and RCB) will be available to complement each other 
and ensure meeting the scientific objectives. For planning purposes, APC/HLAPC refusal depth is 
estimated at 150 mbsf (Tables T3, T4), although this depth may be exceeded at some sites. APC 
refusal is conventionally determined in two ways: (1) a complete stroke (as determined from the 
standpipe pressure after the shot) is not achieved because the formation is too hard and (2) excess 
force of >445 kN (equivalent to a mass of >45,360 kg/>100,000 lb) is required to pull the core barrel 
out of the formation because the sediment is too cohesive or “sticking.” In cases where a significant 
stroke can be achieved but excessive force cannot retrieve the barrel, the core barrel can be “drilled 
over” (i.e., after the inner core barrel is successfully shot into the formation, the bit is advanced to 
some depth to free the APC barrel). In all A and B holes outside the caldera and in Hole C at Site 
CSK-03A, we have the option to deploy the XCB system to advance the hole (Tables T3, T4) if 
APC/HLAPC refusal occurs before the target depth is reached. The implementation of RCB cor-
ing will mitigate the risks imposed on exceeding the operational limits for the XCB coring system 
and is preferred to intersect the continental basement. Therefore, if some depths at solely 
APC/HLAPC/XCB sites are unattainable using the XCB system, another hole penetrating very 
firm sediments or very coarse, bouldery, and heterogeneous deposits will be drilled separately 
with the RCB system (http://iodp.tamu.edu/tools) to reach the target depth without recovery of 
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redundant sediments that are already available from APC/HLAPC and XCB coring. This strategy 
will already be applied to Hole B at Sites CSK-05C and CSK-07B as well as Hole C at Sites CSK-
01A and CSK-13A.

Drilling and logging operations in active rift basins and in a caldera bear some risks and present 
challenges to achieving the expedition objectives. Unstable hole conditions can occur, negatively 
impacting core recovery or even leading to abandonment of a hole. In particular, drilling a hetero-
geneous succession of sediments and coarser volcaniclastics in the basins, with fracturing and 
paleofault zones as well as unconformities, most likely present in deeper intervals, may lead to 
problems with the borehole stability and a stuck bottom-hole assembly, resulting in lost time and 
possible loss of equipment. At the caldera sites, one can expect inevitable bouldery deposits and 
lavas to cause the same problems. Therefore, additional hardware will be available on board the 
ship to alleviate any losses. Extra time may be required for hole remediation (i.e., cleaning and 
stabilizing the hole). Moreover, hole instability may prevent downhole logging operations or lead 
to the untimely stop of a logging run.

To prevent an unstable hole from collapsing in its uppermost section (~1–3 m) or if an unforeseen 
reentry is necessary, a free-fall funnel can be deployed as a seafloor cone. This device is assembled 
around the drill string and then dropped to the seafloor. If a hole needs to be stabilized across tens 
of meters of depth range, it must be terminated and another hole needs to be established by 
installing a drill-in casing string. Its length then covers the depth range of instability. Such casing 
is attached to a hydraulic release tool (HRT) reentry system that is deployed upon assembly on 
board the ship. Subsequently, the casing is drilled into the seabed and coring starts below where 
the casing ends. The loss of a mud motor and/or underreamer while drilling in any required short 
casing string is always possible. A second mud motor and spare underreamers will be available. 
Particularly in the Santorini caldera, multiple holes may be required to find an area with stable 
(sub)seafloor conditions (cf. IODP Expedition 376 at the caldera of Brothers Volcano; de Ronde et 
al., 2019). Unpredictable borehole conditions and concomitant efforts on hole remediation may 
take a considerable amount of time, which is difficult to plan for in the operations schedule (Tables 
T3, T4). In particular, caldera deposits have yielded low recovery (≤20%) during previous expedi-
tions (e.g., de Ronde et al., 2019), which may handicap sampling objectives.

At the caldera sites, there is also the possibility of encountering excess fluid pore pressures due to 
the given proximity of, for example, Site CSK-05C to the focus of a deep intrusion related to the 
seismic unrest of 2011–2012. So far, however, we do not expect the pore water concentrations of 
hydrocarbons to exceed the given limits for drilling. Also, no high temperatures in basin or caldera 
sediments are anticipated that would require extra precautions during operations. Plastic core lin-
ers can be used at in situ temperatures >200°C without melting because of virtually steady-state 
drilling fluid (seawater) circulation, as demonstrated by Integrated Ocean Drilling Program Expe-
dition 331 (Expedition 331 Scientists, 2011) and Expedition 376 (de Ronde et al., 2019), and if nec-
essary, aluminum core liners can replace the plastic liner to recover cores from high-temperature 
rocks and indurated sediments.

In contrast to drilling, the subseafloor temperature environment may bear a significant risk for 
logging operations. Because drilling fluid (seawater) will not be circulated during logging opera-
tions, there will be no considerable cooling of the hole at this time. Given the temperature gradi-
ents known so far, we do not expect downhole fluid and/or formation temperatures too high to use 
the standard logging suites. However, we are aware of this potential challenge and will monitor the 
formation and borehole fluid temperatures at each site to avoid problems during downhole log-
ging. The downhole temperature measurements (APCT-3, SET2/SETP, and ETBS) implemented 
in Hole A at all sites will determine which logging tool string suite can be deployed (see Wireline 
logging/Downhole measurements strategy). If we encounter high temperatures at one or more 
sites, we can use the shorter high-temperature triple combo (HTTC) string that can be assembled 
for these purposes. It was deployed successfully during Expedition 376 (de Ronde et al., 2019) and 
consists of the HLDS/HNGS-EDTC/LEH-MT logging tools (Figure F11). Such a shortened tool 
string can be run without flasking at elevated borehole fluid temperatures (85°–140°C) using a 
conventional, low- to medium-temperature wireline cable that is permanently available on the 
ship.
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Inclement weather always poses issues because rough seas and the resultant heave may adversely 
impact drilling or logging operations. For example, core quality and recovery can be negatively 
influenced or logging tools may not be deployable. The Expedition 398 schedule coincides with 
the season in the year (autumn/winter) when 80% of the time winds are below 20 kt and waves >2 
m are limited to 2–3 days per month (https://de.wisuki.com/statistics/5884/santorini). Thus, 
operational delays triggered by weather are possible but do not seem to be crucial. The currently 
scheduled contingency time to make up for delays caused by operational issues or weather is 3.2 
days (Table T3).

8. Sampling and data sharing strategy
Shipboard and shore-based researchers should refer to the IODP Sample, Data, and Obligations 
Policy and Implementation Guidelines posted online at http://www.iodp.org/top-
resources/program-documents/policies-and-guidelines. This document outlines the policy for 
distributing IODP samples and data to research scientists, curators, and educators. The document 
also defines the obligations that sample and data recipients incur. The Sample Allocation Commit-
tee (SAC; composed of Co-Chief Scientists, Expedition Project Manager/Staff Scientist, and IODP 
Curator on shore and curatorial representative on board the ship) will work with the entire scien-
tific party to formulate a formal expedition-specific sampling plan for shipboard and post-
expedition sampling.

Every member of the science party is obligated to carry out scientific research for the expedition 
and publish the results. All shipboard scientists and any potential shore-based scientists are 
required to submit a detailed research plan and associated sample/data requests using the IODP 
Sample and Data Request Management System (at http://iodp.tamu.edu/curation/sam-
ples.html) before the beginning of Expedition 398. Based on sample requests (shipboard and 
shore based) submitted by a certain deadline, the SAC will prepare a tentative sampling plan, 
which will be revised on the ship as dictated by core recovery and expedition objectives. The sam-
pling plan will be subject to modification depending on the actual material recovered and collabo-
rations that may evolve between scientists during the expedition. Modification of the strategy 
during the expedition and within the moratorium must be approved by the SAC.

Shipboard sampling will include samples taken for shipboard analyses and ephemeral personal 
samples for postexpedition research (e.g., microbial samples). We expect shipboard samples to be 
taken for volcanological, geochemical, petrophysical, and microbiological measurements. We will 
attempt to take nonephemeral personal samples for postexpedition research on board the ship as 
well. However, it is likely that time constraints will prevent this effort from being completed. Thus, 
a postexpedition sampling party is going to be held within 4–6 months of the end of the expedition 
at the IODP Bremen Core Repository (BCR) of the Center for Marine Environmental Sciences 
(MARUM) at the University of Bremen (Germany). Sampling of whole-round samples are 
restricted to Hole B at any given site if two APC/HLAPC/XCB holes are planned. If some critical 
intervals are recovered, there may be considerable demand for samples from a limited amount of 
cored low-recovery material. These intervals may require special handling (e.g., separate ship-
board sampling party), a higher sampling density, reduced sample size, pooled sampling, or con-
tinuous core sampling by a single investigator. A dedicated sampling plan coordinated by the SAC 
may be required before critical intervals are sampled.

The minimum permanent archive will be the standard archive half of each core. All sample fre-
quencies and sizes must be justified on a scientific basis and will depend on core recovery, the full 
spectrum of other requests, and the expedition objectives. Some redundancy of measurement is 
unavoidable, but minimizing the duplication of measurements among the shipboard science party 
and identified shore-based collaborators will be a factor in evaluating sample requests.

The BCR will receive the working- and archive-half core sections from Expedition 398 for perma-
nent storage. Prior to storage at the BCR, all archive-half core sections will be shipped to the IODP 
Gulf Coast Repository (GCR) at Texas A&M University (College Station, Texas, United States) for 
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implementation of programmed X-ray fluorescence (XRF) core scanning over a 60 day period 
after the end of Expedition 398 beginning on 24 April 2023 and ending on 22 June.

All Expedition 398 data and samples will be protected by a 1 y moratorium period that will start at 
the end of the expedition/postexpedition sampling party. During this moratorium, all data and 
samples will be available only to the expedition shipboard scientists and approved shore-based 
participants.

9. Expedition scientists and scientific participants
The current list of participants for Expedition 398 can be found at http://iodp.tamu.edu/science-
ops/expeditions/hellenic_arc_volcanic_field.html.
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Site summaries

Figure AF1. Top: bathymetric map with location of proposed primary Site CSK-01A in Anhydros Basin. Bottom: (A, B) raw 
and (C, D) interpreted seismic sections at intersection of Lines GEOMAR_P2002 and HH06-15. CDP = common depth point.
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Figure AF2. Top: bathymetric map with location of proposed alternate Site CSK-02A in Anhydros Basin. Bottom: (A, B) raw 
and (C, D) interpreted seismic sections at intersection of Lines GEOMAR_P2002 and HH06-14.
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Figure AF3. Top: bathymetric map with location of proposed alternate Site CSK-15A in Anhydros Basin. Bottom: (A) raw and 
(B) interpreted seismic section along Line HH06-15, with Site CSK-15A situated just north of intersection with Line GEO-
MAR_P2002.
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Figure AF4. Top: bathymetric map with location of proposed primary Site CSK-03A at northwestern flank of Kolumbo Vol-
cano. Bottom: (A, B) raw and (C, D) interpreted seismic sections at intersection of Lines HH06-22 and HH06-34.
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Figure AF5. Top: bathymetric map with location of proposed alternate Site CSK-04C at northwestern flank of Kolumbo 
Volcano. Bottom: (A) raw and (B) interpreted seismic section along Line HH06-44, with Site CSK-04C situated just northeast 
of intersection with Line HH06-22.
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Figure AF6. Top: bathymetric map with location of proposed alternate Site CSK-16A at northwestern flank of Kolumbo 
Volcano. Bottom: (A) raw and (B) interpreted seismic section along Line HH06-22, with Site CSK-16A located just southeast 
of intersection with Line HH06-34 that marks location of Site CSK-03A.
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Figure AF7. Top: bathymetric map with location of proposed alternate Site CSK-21A at southeastern flank of Kolumbo 
Volcano. Bottom: (A, B) raw and (C, D) interpreted seismic sections at intersection of Lines HH06-37 and HH06-45.
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Figure AF8. Top: bathymetric map with location of proposed primary Site CSK-13A in Christiana Basin. Bottom: (A, B) raw 
and (C, D) interpreted seismic sections at intersection of Lines GEOMAR_P5006 and GEOMAR_P5009.
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refusal; RCB to 857 mbsf and wireline log

Hole A: APC/XCB to 675 mbsf or to refusal

Downhole
measurements
program:

Wireline log with triple combo, FMS-sonic & VSI
Hole :C

Nature of rock
anticipated:

hemipelagic muds, volcaniclastics, debris flow
deposits, and turbidites

CSK-13ACSK-13A
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Figure AF9. Top: bathymetric map with location of proposed alternate Site CSK-14A in Christiana Basin. Bottom: (A, B) raw 
and (C, D) interpreted seismic sections at intersection of Lines 20060506_214929 and GEOMAR_P5009.

Site CSK- A ( Basin)14 Christiana
Priority: Alternate

Position: 36.3049 1286 18 2940
07 7160 Christiana basin

°N, 25. °E (36° . 'N, 25°
. ' E)

Water depth
(m)

523

Target drilling
depth (mbsf): 756

Approved
max. penetra-
tion (mbsf)

to basement

Survey cover
age (track
map; seismic
profile):

-
Intersection of MCS GEOMAR_P5009 (CDP 1644)
and 20060506_214929-REPROC (CDP 886)

Objective(s):

Recover the plio-quaternary volcano-sedimentary
fill of the Christiana Basin, to the depth of the
Alpine basement; characterize the sediments and
volcaniclastics comprising seismic units U1 to U6.

Coring
program:

Hole A: APC/XCB to 675 mbsf or to refusal

Hole C: Drill down to 575 mbsf or depth of
refusal; RCB to 756 mbsf and wireline log

Hole B: APC/XCB to 675 mbsf or to refusal

Downhole
measurements
program:

Hole :C
Wireline log with triple combo, FMS-sonic & VSI

Nature of rock
anticipated:

hemipelagic muds, volcaniclastics, debris flow
deposits, and turbidites
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Figure AF10. Top: bathymetric map with location of proposed alternate Site CSK-20A in Christiana Basin. Bottom: (A, B) raw 
and (C, D) interpreted seismic sections at intersection of Lines GEOMAR_P5008 and GEOMAR_P5009.

Site CSK- A ( Basin)20 Christiana
Priority: Alternate

Position: 36.3127 1501 18 7620
09 0060 Christiana Basin

°N, 25. °E (36° . 'N, 25°
. ' E)

Water depth
(m)

515

Target drilling
depth (mbsf): 909

Approved
max. penetra-
tion (mbsf)

to basement

Survey cover
age (track
map; seismic
profile):

-
Intersection of MCS GEOMAR_P5009 (CDP 3013)
and GEOMAR_P5008 (CDP 4521)

Objective(s):

Recover the plio-quaternary volcano-sedimentary
fill of the Christiana Basin, to the depth of the
Alpine basement; characterize the sediments and
volcaniclastics comprising seismic units U1 to U6.

Coring
program:

Hole A: APC/XCB to 675 mbsf or to refusal
Hole B: APC/XCB to 675 mbsf or to refusal
Hole C: Drill down to 575 mbsf or depth of
refusal; RCB to 909 mbsf and wireline log

Downhole
measurements
program:

Hole :C
Wireline log with triple combo, FMS-sonic & VSI

Nature of rock
anticipated:

hemipelagic muds, volcaniclastics, debris flow
deposits, and turbidites
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Figure AF11. Top: bathymetric map with location of proposed primary Site CSK-05C in northern basin of Santorini caldera. 
Bottom: (A) raw and (B) interpreted seismic section along Line GEOMAR_P1006 adjacent to intersection with Line GEO-
MAR_P3004.

Priority: Primary

Position: 36. °N, 25. °E (36° . 0'N, 25° . ' E)4375 3789 26 250 22 7340
Northern basin Santorini caldera

Water depth (m): 384

Target drilling depth
(mbsf): 234

Approved
maximum
penetration (mbsf):

234

Survey coverage
(track map; seismic
profile):

MCS Line GEOMAR_P1006 (CDP 20245)

Objective(s):

Recover the intracaldera seismic units S1, S2, and S3 in order to
characterise them, as well as to penetrate below unit S3 (probably
intracaldera tuff of the LBA eruption) to elaborate, complementary
with Sites in the Southern Caldera basin, on the collapse and
caldera fill history of Santorini Caldera. These holes will also be
used for the microbiological work of objective 7.

Coring program:
Hole A: APC/XCB to refusal
Hole B: Drill down to 130 mbsf or to depth of refusal; RCB to
234 mbsf and wireline log

Downhole
measurements
program:

Wireline log with triple combo, FMS-sonic & VSI
Hole :B

Nature of rock
anticipated:

Coarse intracaldera sediments, breccias, landslide deposits, lavas,
muds

Site CSK-0 ( )5C Santorini

CSK-05C
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CSK-06B

GEOMAR_P3004

GEOMAR_P3003

a)

NW                                                   SE

TW
T(

m
se

c)

1Km

GEOMAR_P1006

bright spots &
phase reversals

GEOMAR_P1006

S1
S2

S3

TW
T(

m
se

c)

1Km

a

b

CSK-05C

•
•

22 publications.iodp.org · 49



T. Druitt et al. Expedition 398 Scientific Prospectus

https://doi.org/10.14379/iodp.sp.398.20
Figure AF12. Top: bathymetric map with location of proposed alternate Site CSK-06B in northern basin of Santorini cal-
dera. Bottom: (A, B) raw and (C, D) interpreted seismic sections at intersection of Lines GEOMAR_P3003 and GEO-
MAR_P1006.

Priority: Alternate

Position: Northern basin Santorini caldera
36. °N, 25. °E (36° . 'N, 25° . ' E)4423 3752 26 5380 22 5120

Water depth (m): 383

Target drilling depth
(mbsf): 360

Approved
maximum
penetration (mbsf):

360

Survey coverage
(track map; seismic
profile):

Intersection of MCS Line GEOMAR_P1006 (CDP 20648) and
GEOMAR_P23003 (CDP 2159)

Objective(s):

Recover the intracaldera seismic units S1, S2, and S3 in order to
characterise them, as well as to penetrate below unit S3 (probably
intracaldera tuff of the LBA eruption) to elaborate, complementary
with Sites in the Southern Caldera basin, on the collapse and
caldera fill history of Santorini Caldera. These holes will also be
used for the microbiological work of objective 7.

Coring program:
Hole A: APC/XCB to refusal
Hole B: Drill down to 130 mbsf or to depth of refusal; RCB to
360 mbsf and wireline log

Downhole
measurements
program:

Wireline log with triple combo, FMS-sonic & VSI
Hole :B

Nature of rock
anticipated:

Coarse intracaldera sediments, breccias, landslide deposits, lavas,
muds

Site CSK-0 ( )6B Santorini

CSK-05C
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CSK-06B

GEOMAR_P3004

GEOMAR_P3003

TW
T(

m
se

c)
TW

T(
m

se
c)

NW                                                   SEGEOMAR_P1006

NW                                                   SEGEOMAR_P1006

S1
S2
S3

S1
S2

S3

GEOMAR_P3003

b)

d)

GEOMAR_P3003

500m

500m

TW
T(

m
se

c)
TW

T(
m

se
c)

1Km

1Km

bright spots &
phase reversals

a b

c d

CSK-06B
CSK-06B

•
•

22 publications.iodp.org · 50



T. Druitt et al. Expedition 398 Scientific Prospectus

https://doi.org/10.14379/iodp.sp.398.20
Figure AF13. Top: bathymetric map with location of proposed primary Site CSK-07B in southern basin of Santorini caldera. 
Bottom: (A, B) raw and (C, D) interpreted seismic sections at intersection of Lines 20060504_052810 and GEOMAR_P1006.

Priority: Primary

Position: 36.38895°N, 25.41713°E (36° 23 3370. 'N, 25° 25 0278. ' E)
Southern basin Santorini caldera

Water depth (m): 292

Target drilling depth
(mbsf): 360

Approved
maximum
penetration (mbsf):

360

Survey coverage
(track map; seismic
profile):

Intersection of MCS Lines GEOMAR_P1006 (CDP 15324) and
20060504_052810-REPROC (CDP 234)

Objective(s):

Recover the intracaldera seismic units S1, S2, and S3 in order to
characterise them, as well as to penetrate below unit S3 (probably
intracaldera tuff of the LBA eruption) to elaborate, complementary
with Sites in the Northern Caldera basin, on the collapse and
caldera fill history of Santorini Caldera. These holes will also be
used for the microbiological work of objective 7.

Coring program:
Hole A: APC/XCB to refusal
Hole B: Drill down to 175 mbsf or to depth of refusal; RCB to
360 mbsf and wireline log

Downhole
measurements
program:

Hole :B
Wireline log with triple combo, FMS-sonic & VSI

Nature of rock
anticipated:

Coarse intracaldera sediments, breccias, landslide deposits, lavas,
muds

Site CSK-0 ( )7B Santorini

CSK-07BCSK-07B

20060429_134104 CSK-08BCSK-08B
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Figure AF14. Top: bathymetric map with location of proposed alternate Site CSK-08B in southern basin of Santorini cal-
dera. Bottom: (A, B) raw and (C, D) interpreted seismic sections at intersection of Lines 20060504_044615 and GEO-
MAR_P1006.

Priority: Alternate

Position: Southern basin Santorini caldera
36.38161°N, 25.40606°E (36° 22.8966'N, 25° 24.3636' E)

Water depth (m): 293

Target drilling depth
(mbsf): 375

Approved
maximum
penetration (mbsf):

375

Survey coverage
(track map; seismic
profile):

Intersection of MCS Line GEOMAR_P1006 (CDP 14501) and
20060504_044615-REPROC (CDP 801)

Objective(s):

Recover the intracaldera seismic units S1, S2, and S3 in order to
characterise them, as well as to penetrate below unit S3 (probably
intracaldera tuff of the LBA eruption) to elaborate, complementary
with Sites in the Northern Caldera basin, on the collapse and
caldera fill history of Santorini Caldera. These holes will also be
used for the microbiological work of objective 7.

Coring program:
Hole A: APC/XCB to refusal
Hole B: Drill down to 175 mbsf or to depth of refusal; RCB to
375 mbsf and wireline log

Downhole
measurements
program:

Wireline log with triple combo, FMS-sonic & VSI
Hole :B

Nature of rock
anticipated:

Coarse intracaldera sediments, breccias, landslide deposits, lavas,
muds

Site CSK-0 ( )8B Santorini
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Figure AF15. Top: bathymetric map with location of proposed alternate Site CSK-18A in southern basin of Santorini cal-
dera. Bottom: (A, B) raw and (C, D) interpreted seismic sections at intersection of Lines 20060429_134104 and GEO-
MAR_P1006.

Priority: Alternate

Position: 36.3755°N, 25.3942°E (36° 22 5300. 'N, 25° 23.6520' E)
Southern basin Santorini caldera

Water depth (m): 291

Target drilling depth
(mbsf): 380

Approved
maximum
penetration (mbsf):

380

Survey coverage
(track map; seismic
profile):

Intersection of MCS Lines GEOMAR_P1006 (CDP 13690) and
20060429_134104-REPROC (CDP 1845)

Objective(s):

Recover the intracaldera seismic units S1, S2, and S3 in order to
characterise them, as well as to penetrate below unit S3 (probably
intracaldera tuff of the LBA eruption) to elaborate, complementary
with Sites in the Northern Caldera basin, on the collapse and
caldera fill history of Santorini Caldera. These holes will also be
used for the microbiological work of objective 7.

Coring program:
Hole A: APC/XCB to refusal
Hole B: Drill down to 175 mbsf or to depth of refusal; RCB to
380 mbsf and wireline log

Downhole
measurements
program:

Hole :B
Wireline log with triple combo, FMS-sonic & VSI

Nature of rock
anticipated:

Coarse intracaldera sediments, breccias, landslide deposits, lavas,
muds

Site CSK- ( )18A Santorini

CSK-07BCSK-07B

20060429_134104 CSK-08BCSK-08B
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Figure AF16. Top: bathymetric map with location of proposed primary Site CSK-09A in Anafi Basin. Bottom: (A, B) raw and 
(C, D) interpreted seismic sections at intersection of Lines HH06-09 and HH06-15.
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Site CSK-0 A (An Basin)9 afi
Priority: Primary

Position: 36. °N, 25. °E (36° . 'N, 25° . ' E)5656 7613 33 9360 45 6780
Anafi basin

Water depth (m): 694

Target drilling depth
(mbsf): 595

Approved
maximum
penetration (mbsf):

to basement

Survey coverage
(track map; seismic
profile):

Intersection of MCS Lines HH06-15-REPROC (CDP 1067) and
HH06-09-REPROC (CDP 3403)

Objective(s):

Recover the plio-quaternary volcano-sedimentary fill of the Anafi
Basin, to the depth of the Alpine basement; characterize all six
Pliocene to the present seismic packages (B1 to B6) of the
Anhydros rift basin; Reconstruct the subsidence and sedimentary
history of this basin, to compare with that of the Anhydros Basin.

Coring program: Hole B: APC/XCB to 595 mbsf and wireline log
Hole A: APC/XCB to 595 mbsf

Downhole
measurements
program:

Hole :B
Wireline log with triple combo, FMS-sonic & VSI

Nature of rock
anticipated:

hemipelagic muds, volcaniclastics, and turbidites

CSK-09A CSK-09A

a

c

b
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Figure AF17. Top: bathymetric map with location of proposed alternate Site CSK-10B in Anafi Basin. Bottom: (A) raw and 
(B) interpreted seismic section along Line HH06-04 just northwest of intersection with Line HH06-15.
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Site CSK- (An Basin)10B afi
Priority: Alternate

Position: 36.5507°N, 25.7668°E (36° 33 0420. 'N, 25° 46 0080. ' E)
Anafi basin

Water depth (m): 680

Target drilling depth
(mbsf): 363

Approved
maximum
penetration (mbsf):

to basement

Survey coverage
(track map; seismic
profile):

MCS Line HH06-04-REPROC (CDP 1790)

Objective(s):

Recover the plio-quaternary volcano-sedimentary fill of the Anafi
Basin, to the depth of the Alpine basement; characterize four
Pliocene to the present seismic packages (B3 to B6) of the
Anhydros rift basin; Reconstruct the subsidence and sedimentary
history of this basin, to compare with that of the Anhydros Basin.

Coring program:
Hole A: APC/XCB to 363 mbsf

Hole C: APC/XCB to 363 mbsf and wireline log

Downhole
measurements
program:

Wireline log with triple combo, FMS-sonic & VSI
Hole :B

Nature of rock
anticipated:

hemipelagic muds, volcaniclastics, and turbidites
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Figure AF18. Top: bathymetric map with location of proposed alternate Site CSK-19A in Anafi Basin. Bottom: (A, B) raw and 
(C, D) interpreted seismic sections at intersection of Lines GEOMAR_P5017 and HH06-04.
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Site CSK- (An Basin)19A afi
Priority: Alternate

Position: 36. °N, 25. °E (36° . 'N, 25° . ' E)5563 7503 33 3780 45 0180
Anafi basin

Water depth (m): 688

Target drilling depth
(mbsf): 740

Approved
maximum
penetration (mbsf):

to basement

Survey coverage
(track map; seismic
profile):

Intersection of MCS Lines HH06-04-REPROC (CDP 1919) and
300 m N of cross line GEOMAR_P5017

Objective(s):

Recover the plio-quaternary volcano-sedimentary fill of the Anafi
Basin, to the depth of the Alpine basement; characterize all six
Pliocene to the present seismic packages (B1 to B6) of the
Anhydros rift basin; Reconstruct the subsidence and sedimentary
history of this basin, to compare with that of the Anhydros Basin.

Coring program:
Hole A: APC/XCB to 740 mbsf
Hole B: Drilling down and APC/XCB spot coring to 740 mbsf
and wireline log

Downhole
measurements
program:

Hole :B
Wireline log with triple combo, FMS-sonic & VSI

Nature of rock
anticipated:

hemipelagic muds, volcaniclastics, and turbidites
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