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Abstract Subseafloor in situ temperatures in a drilled hole in the Anhydros Basin, Aegean
Sea, measured during International Ocean Discovery Program (IODP) Expedition 398, yielded a low
heat flow (<0.023 W/m2) despite active magmatism and rifting in the region. The coldest and
highest temperatures were 13.9°C at 52.5 m below seafloor (mbsf) and 15.5°C for the deepest
measurement at 360.4 mbsf, respectively. Comparison of a heat transfer model with measurements
suggests that sea bottom temperatures during the last glacial period were up to 10°C cooler than
Holocene temperatures. The magnitude of Holocene warming co‐varies with the geothermal heat flow:
if the former goes up the latter goes up. Low heat flow may arise from lateral removal of heat through
deeper formations by gravity driven advection of fluids. Tectonic separation of the northwestern Anhydros
Basin from the Christiana‐Santorini‐Kolumbo volcanic field may lead to minimal magmatic influences on
heat flow.

Plain Language Summary Temperatures in Earth's crust reveal the processes that create
and transport heat. In the rifting Anhydros Basin in the Aegean Sea, north of the active South
Aegean Volcanic Arc, International Ocean Discovery Program Expedition 398 measured cold
subsurface temperatures in a borehole to depths exceeding 300 m below the seafloor. These
temperatures record low heat flow and cold seafloor temperatures from the last glacial period. The low
heat flow at shallow depths may be due to deeper fluid circulation that removes heat. Low heat flow
further implies that there are no magma bodies within the crust in the northwestern part of the Anhydros
Basin.
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1. Introduction
Heat flow measurements are a window into the thermal structure and history of the lithosphere. Subsurface
temperature measurements used to measure heat flow, however, are impacted by changes in surface temperature.
Through thermal diffusion, temperature perturbations extend deeper as the duration of surface temperature
changes becomes longer. Glacial‐interglacial temperature changes, for example, affect temperatures to depths of
hundreds of meters. Indeed, temperature measurements on land have been used to constrain temperature changes
over the last glacial cycle (e.g., Beltrami et al., 2014). However, those temperature records are also affected by the
background geothermal heat flux. Subsurface temperature measurements are a record of boundary conditions—
surface temperature and its history, and heat flow at depth—with additional possible influences from advection of
heat by fluid transport in the crust, sedimentation, and erosion.

Here we interpret temperature measurements made to a depth of 360 m in the Anhydros Basin north of the
Christiana‐Santorini‐Kolumbo Volcanic Field in the South Aegean Volcanic Arc (Figure 1a) to understand the
thermal structure of the crust. Though deep below the sea floor compared to typical measurements with Lister‐
type heat flow probes, the temperature measurements still contain a record of both the change in ocean bottom
temperature during the Holocene and the regional heat flow.

The Anhydros Basin spans from the northeast of Santorini toward the island of Amorgos and contains the
submarine Kolumbo Volcano and the Kolumbo Volcanic Chain with more than 20 submarine volcanic edifices
(Figure 1b). Bounded by the Ios Fault, the northeastern part of the Anhydros Basin is a tectonic half‐graben
(Figure 1c) that experienced episodic rifting (Hübscher et al., 2015; Preine, Karstens, et al., 2022). Interna-
tional Ocean Discovery Program (IODP) Expedition 398 to the Hellenic Arc sought to understand the volcanic
history of this arc, the connection between magmatic and rifting processes, and the current and past submarine
environments in an active volcanic arc (Druitt, Kutterolf, Ronge, & the Expedition 398 Scientists 2024). This
volcanic field evolved since the Late Pliocene and produced numerous explosive eruptions during the Quaternary,
depositing thick volcanic deposits in the adjacent rift basins (e.g., Druitt et al., 1999, Druitt, Kutterolf, Ronge,
Hübscher, et al., 2024; Preine, Hübscher, et al., 2022; Karstens, Crutchley, et al., 2023, Karstens, Preine,
et al., 2023). The volcanic centers formed and evolved in an active rift environment (e.g., Nomikou et al., 2019;
Preine, Karstens, et al., 2022) and volcanism and tectonics have been proposed to influence each other (Crutchley
et al., 2023; Heath et al., 2019; Preine, Karstens, et al., 2022).

2. Background and Methods
IODP Expedition 398 was conducted to obtain the subseafloor record of feedbacks between volcanism, mag-
matism, crustal tectonics, sea level change, and the deep biosphere within the southern Aegean Sea and inside and
outside Santorini caldera. Subsurface temperature measurements have a fundamental scientific significance for
several objectives of IODP Expedition 398. Temperature gradients can provide insight into regional heat flow and
hence the structure of the lithosphere and presence and cooling of subsurface magma bodies that in turn affect
habitability and the geochemical and diagenetic processes in these marine sediments. Subsurface temperatures
can also record past sea bottom temperatures and preserve a record of a changing climate.

Drilling and coring unconsolidated volcaniclastic materials turned out to be challenging as the holes are prone to
collapse and the drill string can become stuck (e.g., Jutzeler et al., 2014; Jutzeler et al., 2025). Consequently, even
though temperature measurements were initially planned at all sites, measurements were only made at the first site
(U1589) and attempted only once at the second site (U1590).

Site U1589 is located at a water depth of 494 m below sea level (mbsl), about 10 km southwest of Amorgos Island
in the northeastern Anhydros Basin (36°43.8′N, 25°38.9′E; Figure 1). The Site targets the volcaniclastic sediment
delivered from Santorini and Kolumbo volcanoes by submarine flows and subaerial tephra falls. The setting also
enables the study of the relationships between rifting and volcanism. Three holes, A, B and C, were drilled to a
maximum recovery depth of 621.9 mbsf (Druitt, Kutterolf, Ronge, & the Expedition 398 Scientists 2024).
Measurement methods and uncertainties are presented in Kutterolf et al. (2024).

2.1. Temperature Measurements in Boreholes

Advanced Piston Coring was used in Holes U1589A and U1589B. Measurements were made with the Third‐
Generation, Advanced Piston Corer Temperature Tool (APCT‐3) that records temperature with a thermistor at
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the outside edge of the cutting shoe (Heesemann et al., 2008). After the APCT‐3 tool penetrates the sediment, it is
held in place for about 10 min while it records temperature at 1 Hz. The Sediment Temperature 2 (SET2) tool was
used in Hole U1589B (iodp.tamu.edu/tools/logging/index.html). The SET2 tool records in situ temperature with
a thermistor located 1 cm from the probe tip. The probe tip contains both the data logger and the thermistor string
and is designed to enter the sediment with minimal disturbance.

The recorded decay of temperature from each of these measurements is fit to a theoretical solution of the tem-
perature equilibration using the code TP‐Fit (Fisher et al., 2007). The calculated temperature depends on the
thermal conductivity, density, and specific heat capacity of the surroundings. In modeling the temperature decay,
we use a thermal conductivity k = 1.0 Wm− 1K− 1 and a product of density and specific heat of
ρC = 3.7 × 106 J m− 3K− 1 for APCT‐3 measurements, and k = 1.2 Wm− 1K− 1 and ρC = 3.7 × 106 J m− 3K− 1 for
SET2 measurements at greater depths. An uncertainty in k of±0.15Wm− 1K− 1 and in ρC of±0.3 × 106 J m− 3K− 1

are adopted to calculate the uncertainty in temperature. We use combinations of upper and lower bounds on k and
ρC to find the highest and lowest temperature fits to the data and use one half of the maximum difference as our

Figure 1. (a) Regional map of the southern Aegean Sea highlighting the South Aegean Volcanic Arc (shaded in red). The black box indicates the study area, and major
coastal cities in the Aegean are marked with green circles. The coordinate system used here and in all following maps is UTM Zone 35N, WGS84 datum.
(b) Morphological map of the Christiana‐Santorini‐Kolumbo Rift Zone. Circles show International Ocean Discovery Program Expedition 398 drill sites. The red circle
indicates Site U1589. White line indicates location of seismic profile GEOMAR_5016 shown in (c). Bathymetry from Nomikou et al. (2012, 2013, 2018) and Hooft
et al. (2017). (c) Seismic cross‐section of the northeastern Anhydros Basin crossing Site U1589 (Karstens et al., 2020). Colors indicate lithologies of Site U1589. Unit I:
Volcanic sediments; Unit II: Ooze and calcareous mud; Unit III: Siliciclastics with shells; Unit IV: Oxidized conglomerate, breccia and sandstone; Univ V: Carbonate
rocks. Archaeos Tuff depth is from Druitt, Kutterolf, Ronge, Hübscher, et al. (2024). Horizons after Preine, Hübscher, et al. (2022); Preine, Karstens, et al. (2022) and
core‐seismic integration from Preine et al. (2025). TWT: Two way travel time. White labels indicate cores and depths of temperature measurements. Vertical
exaggeration is 9.8.
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estimate of the uncertainty in the calculated temperature. The uncertainty on in situ temperature measurements
with this approach is usually <0.2°C.

2.2. Thermal Conductivity and Heat Production Data on Cored Materials

Thermal conductivity was measured on seawater‐saturated split cores from the working halves (sample size
≥6 cm) using the TeKa TK04 system (Blum, 1997). All measurements were made after the core equilibrated with
the ambient temperature in the ship's laboratory. Reported values are the average of three repeat measurements
separated in time by 10 minutes. Accuracy was assessed by measuring a standard.

The concentration of heat producing elements U, Th and Kwere extracted fromNatural Gamma Radiation (NGR)
spectra measured at 10 cm intervals on whole cores, using the modeling approaches and workflow in Vlee-
schouwer et al. (2017). The mean concentrations averaged between 0 and 514.5 mbsf are 0.733 weight %, 4.19
ppm and 1.24 ppm for K, Th and U, respectively.

2.3. Heat Flow Modeling

To interpret the temperature measurements in terms of both changes in ocean temperature and the geothermal heat
flow, we model heat transfer in a compacting sediment column. We neglect any fluid flow except for that driven
by compaction. We assume all motion and heat transfer occur in the vertical (z) direction. The proximity of the
shallow limestone basement west of the fault leads to heat refraction but only small perturbations to vertical heat
conduction at Site U1589 (Figures S1 and S2 in Supporting Information S1).

Heat transfer is governed by the advection‐diffusion equation

ρC
∂T
∂t
=
∂
∂z
[k
∂T
∂z
] − ρCu

∂T
∂z
+ A (1)

where the overbar indicates bulk quantities, T is temperature, t is time, k is thermal conductivity, ρ is density, C is
heat capacity, u is velocity (defined later in terms of sediment and fluid velocity), and A is the volumetric heat
production rate. k is based on measurements from recovered cores.

The bulk quantities in Equation 1 depend on porosity ϕ and are given by

ρC = ρwCwϕ + ρsCs(1 − ϕ) (2)

ρCu = ρwCwϕuw + ρsCs(1 − ϕ) us (3)

where subscriptsw and s denote water and sediment values, respectively.We useCs= 1 kJ kg
− 1K− 1, and standard

values for seawater.

We calculate the heat production A in units of W m− 3 from the NGR measured concentrations of K, U and Th
(Section 2.2) using

A = 10− 11 [ρwϕ + ρs(1 − ϕ) (9.52cU + 2.56cTh + 3.48cK) ] (4)

where cU and cTh are the concentrations of U and Th in ppm, respectively, and cK is the concentration of K in
weight percent (Rybach, 1988).

Porosity decreases exponentially with depth

ϕ(z) = ϕ0e
− λz (5)

with parameters in (5) obtained from our measurements on recovered cores.

Conservation of mass for water and sediment allows us to compute us and uw
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d
dz
[ρsus(1 − ϕ)] = 0 (6)

and

d
dz
[ρwuwϕ] = 0 (7)

Equations 6 and 7 can be solved with the boundary condition that the sedimentation rate at the seafloor is us0 and
that at z = B, uw(z = B) = us(z = B), to give

us(z) = us0
1 − ϕ0
1 − ϕ(z)

(8)

and

us(z) = us0
1 − ϕ0
1 − ϕB

eλ(z− B) (9)

We solve Equation 1 explicitly with a second order finite‐difference method (Manga, 2025), use a 1 m spatial
resolution, and obtain parameters in Equations 1–3 and 5 from measurements reported in Section 3.1.

3. Results
3.1. Thermal Conductivity and Porosity

A total of 91 thermal conductivity measurements were made on cored samples from Site U1589 (Druitt, Kutterolf,
Ronge, & the Expedition 398 Scientists 2024). Overall, thermal conductivity k increases with depth (Figure 2a). A
least‐squares linear fit to all the thermal conductivity data is

k(z) = (0.804 ± 0.032) + (0.00167 ± 0.00013) z (10)

with z in m and k in Wm− 1K− 1. Thermal conductivity could not be measured on very coarse, permeable samples
of pumice lapilli. Thus, an inherent sampling bias may affect mean values, variability, and trends. In the thermal
models we use Equation 10 for k up to 2.0 Wm− 1K− 1 and a value of 2.0 Wm− 1K− 1for greater depths.

Discrete porosity measurements were made on 192 samples. Porosity decreases with depth (Figure 2b). In the heat
flow simulations, we use ϕ0 = 0.7, λ− 1 = 1.3 km (shown with the black curve in Figure 2b) and B = 380 m.

3.2. Downhole Temperature Measurement

Temperature was measured by the APCT‐3 tool at the bottom of Cores 4, 7, 10 and 13 in Hole U1589A, at 30.7,
59.2, 87.7 and 116.3 mbsf, respectively, and the bottom of Cores 5, 6, 8, 11 and 14 in Hole U1589B at 43.0, 52.5,
71.5, 85.7, and 105.6 mbsf, respectively (Druitt, Kutterolf, Ronge, Beethe, et al., 2024). The SET2 tool was
deployed at the bottom of Cores 54 and 70 in Hole U1589B, at 288.2 and 360.4 mbsf, respectively (Druitt,
Kutterolf, Ronge, Beethe, et al., 2024). The temperature of ocean water at the seafloor was 15.47 ± 0.05°C based
on mudline temperature measurements from Core U1589B‐14H (Table S1 in Supporting Information S1; Druitt,
Kutterolf, Ronge, Beethe, et al., 2024). Figure 3 and Table S1 in Supporting Information S1 summarize the
measurements.

Measurements can be compromised by tool movement because of ship heave and low friction in the upper part of
the borehole, as seen in the data from the APCT‐3 in Figure S3 in Supporting Information S1 where the monotonic
decay of temperature is disrupted. Because of the very long extrapolation in time needed to obtain the formation
temperature from the short time window during which the probes are deployed, we do not calculate formation
temperatures or interpret their values when temperature measurements show clear disruptions in the time series
(all data are shown in Figure S4 in Supporting Information S1). Cracked formations in the stiffer sediments in
which the SET2 tool was used could also lead to anomalously low temperatures by permitting downward
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circulation of cold water. Based on the cores that were recovered and the smoothly evolving temperatures
recorded by the SET2 tool, there is no clear reason to discount the data, but we remain cognizant of possible
measurement biases (e.g., Neumann et al., 2023).

3.3. Heat Flow Models

For the time‐averaged sediment accumulation rate, we use the 300 mbsf depth of the Archaeos Tuff and its
biostratigraphically estimated age of 520 ka (Druitt, Kutterolf, Ronge, Hübscher, et al., 2024). Despite the very
high sedimentation rate, owing to the time period of sediment accumulation and compaction, sediment burial and
compaction have small effects on the computed temperature distributions (Hutchison, 1985; Manga et al., 2012;
see Figure S6 in Supporting Information S1 for other ages) but are still accounted for in the model.

In the absence of measured or proxy seafloor temperature variations on seasonal, historic, and prehistoric
timescales near Site U1589, we need to adopt temperature values and histories as boundary conditions. We begin
the simulations at 300 ka with a steady temperature for a specified basal heat flux q0 and surface temperature
Ts = 14°C− ∆T. We then solve Equation 1 accounting for sedimentation and compaction. At 12 ka, we increase
the temperature by an amount∆T. Over the most recent 100 years, we increase the surface temperature from 14°C
to 15.5°C to approximate the effects of anthropogenic warming (Figure S5 in Supporting Information S1). The
RV Poseidon POS510 cruise used a GDY heat probe to measure temperature in the upper less than 3 m of
sediment in the Cyclades back‐arc basin (Hannington et al., 2018); in the Anhydros Basin at 3 locations with
water depths of 446–473 mbsl, temperature was 15.38–15.23°C, similar to our measurement and our adopted

Figure 2. (a) Thermal conductivity measurements on working half sections from Site U1589. Black solid line shows the least‐squares best linear fit to all the data.
Symbols: red = Hole A, green = Hole B, and gray = Hole (c) (b) Porosity measured on discrete samples along with the exponential model used in the heat flow
simulations. (c) Units and lithologies based on core descriptions, with recovered records in black and gaps in white, and the ages and depths of two large volcanic tuffs
indicated with names and ages. Gray at the bottom is basement.

Geophysical Research Letters 10.1029/2025GL115919

MANGA ET AL. 6 of 12

 19448007, 2025, 13, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2025G

L
115919 by H

ellenic C
entre For M

arine, W
iley O

nline L
ibrary on [01/07/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Figure 3. (a) Mean absolute value of the temperature difference between the computed present‐day hole temperatures and the
model as a function of the magnitude of Holocene warming and background heat flow. The red and black circles indicate the
parameter values used for the example geotherms in panel (b). (b) Temperature as a function of depth at Site U1589. Legend
identifies the hole and measurements made with the Sediment Temperature 2 (SET2) tool. The red and black curves show the
pre‐Holocene and present‐day temperatures for the parameter values listed in the legend. Plotted data are tabulated in Table
S1 in Supporting Information S1.
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present‐day boundary condition. Anthropogenic warming influences depths shallower than where we have
subsurface temperature measurements but connects our deeper measurements to the measured seafloor tem-
perature. Both the 14°C and recent 1.5°C of warming were chosen to match the lowest measured temperature and
shallow temperatures that serve as boundary conditions to interpret deeper measurements.

Figure 3 shows the relationship between the temperature change and heat flow and the fit to the temperature
measurements. Misfit is quantified as the average absolute value of the difference between the measurements and
simulation. There is a relationship between the background heat flow and the magnitude of Holocene warming: as
∆T increases, the measurements accommodate larger heat flows q0. Two examples of good fits for ∆T = 5°C
and q0 = 0.013 W/m

2, and ∆T = 10°C and q0 = 0.023 W/m
2 are shown in Figure 3b. If we neglect the SET2

measurements when comparing the simulations and data, we obtain similar results for ∆T and q0 (Figure S6 in
Supporting Information S1).

4. Discussion
For the possible range of ∆T, the temperature measurements suggest low geothermal heat flows q0 (Figure 3a)
well below the mean continental value of 0.065 W/m2 (Davies, 2013). We thus discuss the origins of the cool
temperatures and low implied heat flow.

4.1. Magnitude of Holocene Warming

Subsurface temperatures are impacted by surface temperature and its changes over time. In deep ocean settings
that can be accessed by deep water formed at polar latitudes, the ocean bottom temperature remains close to
isothermal. In shallower marine settings such as those cored by Expedition 398 in the Eastern Mediterranean,
temperature fluctuations can be greater than a few degrees between glacial and interglacial periods (e.g., Kuhnt
et al., 2008; Pasquale et al., 2005) and these affect the subsurface temperatures we measured. The depths impacted
by changing temperatures depend on the time scale for the temperature variations. Consider a sea bottom tem-
perature that varies periodically with frequency ω (and period τ = 2π/ω) such that T(z = 0, t) =
T0 + ΔT cos(ωt) , where z is depth below the seafloor, T0 is the mean temperature of the seafloor, and ΔT is the
magnitude of the temperature variations. For assumed constant thermal diffusivity κ, the solution to the one‐
dimensional diffusion equation (Equation 1 neglecting compaction and heat production, and for constant ma-
terial properties) is

T(z, t) = T0 + ΔTe
− z

̅̅̅̅̅̅̅
ω/2κ

√

cos(ωt − z ̅̅̅̅̅̅̅̅̅̅ω/2κ
√

). (11)

The depth D to which temperature variations are reduced in amplitude by a factor of e is thus D =
̅̅̅̅̅̅̅̅̅̅
2κ/ω

√
.

Annual temperature variations haveD = 1.7 m for κ = 2.7 × 10− 7 m2 s− 1, and thus will not affect temperatures
at our measurement depths. However, changes from anthropogenic warming that reach the seafloor will affect the
upper few tens of meters (Figure 3). The larger amplitude changes from Quaternary glacial cycles (τ = 105 years)
haveD = 0.52 km. This depth is greater than the depth extent of our measurements, and the cool temperatures we
measured thus contain record of cold temperatures from the last glacial period superimposed on the geothermal
gradient (with neither ΔT nor the geothermal gradient directly measured).

Paleotemperatures from various proxies show large variations in the inferred temperature during the last glacial
throughout Europe. For example, Last Glacial Maximum (LGM) cooling of ∼9°C in the Paris Basin, Western
Europe, was inferred from noble gas paleothermometry (Bekaert et al., 2023). Paleotemperature reconstructions
with data assimilation have smaller cooling near the Mediterranean than in northern and continental Europe
(Tierney et al., 2020). Sea‐surface eastern Mediterranean temperatures (SST) during the LGM based on plank-
tonic foraminifera were 5°C (summer) to 7°C (winter) cooler (Hayes et al., 2005). Aksu et al. (1995) estimate
5–10°C of SST warming from 14 ka to 9.6 ka from a collection of proxy data in the Aegean.

Our measurements, if reliable, are a direct measure of local changes in temperature. But there is a correlation with
heat flow leading to a non‐unique interpretation of the geothermal gradient. Future paleoproxy bottom water
temperatures measurements from U1589 cores would constrain ΔT and thus the heat flow (Figure 3a).
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4.2. Interpretations of Low Heat Flow

Conductive regional heat flows can exceed 0.1 W/m2 in volcanic arcs, including submarine volcanic arcs such as
the Lesser Antilles (e.g., Manga et al., 2012). Regions of extending continental crust such as the Basin and Range,
USA also have similarly high heat flows that can exceed 0.1 W/m2 (e.g., Blackwell, 1983). Our inferred heat
flows of <0.023 W/m2 are thus low compared to similar tectonic settings and the continental average
(Davies, 2013; Pollack et al., 1993).

Our low temperatures differ from those from the nearest other deep temperature measurements. Deep Sea Drilling
Project (DSDP) Leg 42A Site 378 was drilled in the Cretan Basin, 60 km south‐southwest of Santorini, at 1835
mbsl. A temperature of 35°C was reached at a depth of 302.5 mbsf, implying temperature gradients close to
60°C/km (Erickson and Herzen, 1978). Site 374 (DSDP Leg42A) in the Ionian Sea has a geothermal gradient of
28°C/km. Site 376 (DSDP Leg42A) on the Florence Rise between the Antalya and Levantine Basins, west
of Cyprus, shows cool temperatures of 15°C at a depth of 131 mbsf (Erickson and Herzen, 1978). Figure 4 shows
our inferred heat flow along with other regional estimates.

One possible explanation for the low inferred heat flow is that deeper formations (Units III and IV in Figures 1c and
2c), and perhaps theArchaeos Tuff, serve as pathways for gravity driven fluid circulation. Fluid advection can alter
subsurface temperatures by transporting heat and has been documented in other submarine volcanic arc settings
(e.g., Hornbach et al., 2024) and convergent margins where low heat flow has been attributed to vigorous fluid
circulation (Davis et al., 1999; Harris et al., 2010). In theAnhydros Basin, cool surfacewaters could recharge in the
southeast of the basin and discharge along the normal fault in the northwest. Future advective and diffusive fluid
flow modeling of pore water geochemical profiles from Site U1589 cores could test for lateral advection by
examining chloride, lithium, and strontiumconcentration gradients, which should show systematic deviations from
diffusion profiles if significant lateral flow is present. Solid phase investigations of mineral alteration and/or
authigenic mineral formation could constrain additional sources and sinks of relevant pore water constituents.

Figure 4. Regional map of the southern Aegean Sea with available heat flowmeasurements shown with circles, colored by the value of heat flow (Global Heat FlowData
Assessment Group et al., 2024). The square indicates the heat flowmeasured at Site U1589. The location of the South Aegean Volcanic Arc is shaded in red. Bathymetry
is a greyscale version of that shown in Figure 1a.
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Regional scale advection through permeable formations leads to low surface heat flow, and occurs in many basins
(e.g., Förster & Merriam, 1999; Manga, 1998) and seems a plausible explanation for the low inferred heat flow.
On the other hand, published seismic imaging provides no evidence for undercompaction, drainage structures, or
fluid flow, including no indication of ascent zones (pipes), polygonal faults, or lateral amplitude differences that
arise from fluid flow (Hübscher et al., 2015; Preine, Hübscher, et al., 2022). We thus consider other possible
contributions to the low heat flow.

The near surface geothermal heat flow contains a combination of heat produced by radiogenic elements, heat
conducted through the lithosphere, and heat transferred from any magmatic bodies in the crust. Three non‐
advective factors can contribute to lowering heat flow. First, the site is in a portion of the Anhydros Basin far
enough from the active arc and seafloor volcanism represented by a series of submarine cones of Kolumbo
volcanic chain. The location of site U1589 in the Anhydros Basin is about 15 km from the northernmost Kolumbo
submarine cone (Nomikou et al., 2013, 2016). The lowmeasured heat flowmay indicate that the deeper magmatic
system creating the chain of Kolumbo cones does not extend as far northeast as site U1589 and that the lithosphere
in this part of the Anhydros Basin is distinct from that hosting the Kolumbo volcanic chain (Figure 1b). Indeed,
upper crustal magma reservoirs do not extend this far (McVey et al., 2020). Seismic imaging, including p‐wave
tomography and reflection seismic data, suggest a separation of the eastern and western Anhydros Basin, with a
prominent basement rise separating both subbasins and limiting the extent of volcanism to the northeast (Heath
et al., 2019; Nomikou et al., 2018; Preine, Karstens, et al., 2022). Second, the crust is thinner than average
continental crust, 18 km at the drilled site compared to 40 km within the adjacent Greece (e.g., Makris
et al., 2013), but the extension is young. East‐west extension dates to the late Pliocene (e.g., Armijo et al., 1992),
and much of the displacement on the Anhydros Basin bounding normal fault is Quaternary (Nomikou et al., 2018;
Preine, Karstens, et al., 2022). Third, ophiolitic rocks and metamorphosed mafic rocks that make up much of the
regional crust can be significantly less radiogenic than average crust (e.g., Hasterok et al., 2018; Pasquale
et al., 2001). Assuming q0 = 0.023 W/m

2 (∼10°C Holocene warming) and a mantle heat flow of 0.011 W/m2

(Hacker et al., 2011), and a crust thickness of 18 km, the volumetric heat production of 0.7 μWm− 3 is similar to
some crustal averages (Taylor & McLennan, 1995) though probably lower than the global crustal mean (Rudnick
& Fountain, 1995).

5. Conclusions
In the Anhydros Basin, ∼20 km northeast of the Kolumbo volcanic field, close to isothermal conditions were
measured as deep as 360 m below the seafloor, with a gradient of ∼3°C/km at those depths. Temperature
measurements record cool subsurface conditions for microbial communities and diagenetic processes, possibly
explaining the lack of lithification observed in cored sediments. If heat conduction and sediment compaction are
the only processes driving heat transfer, and the measurements are reliable, the low temperatures can be explained
by both cool seafloor temperatures during the last glacial period, up to 10°C cooler than at present, combined with
a low geothermal heat flux of <0.23 W/m2. The low geothermal heat flow may arise from basin‐scale subsurface
fluid advection. It also suggests this part of the basin is tectonically separated from the volcanic field. Low heat
flow further implies that there are no magma bodies within the crust in the northwestern part of the Anhydros
Basin.

Data Availability Statement
All data shown in figures are available through Druitt, Kutterolf, Ronge, Beethe, et al., 2024. The fortran77 code
for computing misfit (Figure 3) and 2D temperature distribution (Figure S1 in Supporting Information S1) are
provided in Manga (2025).
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