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Why the LowerCrust?
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The least knownlayer of the Earth:

Chemical heterogeneity vs. Limited access

ÅUpper crust accessible, mantle & down ~homogeneous

ÅNo in situdrilling

ÅFew preserved outcrops, xenoliths + sampling bias

Discrepancy of investigation approaches & scales

ÅGeology-Petrology

ÅGeophysics

Mantle

Upper crust

Lower crust

~ transitionca. 33-40 km
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Some key questions:

Composition: origin and evolution

Distribution of elements relevant for 
carbon cycle, heat production

Physical properties & variability

Deformation styles

Extent of microbial life at depth

The bottom of the crust?
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Challenges and open questions on the LCC
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The Ivrea-Verbano Zone (Alps)
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Bracket al. 2010

Zingget al. 1990
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IVZ ðLower Crust

Metapelites (Kinzigite) 

Metapelites (Stronalite)

Marbles & Quartzites

Diorites, Norites

Metamafics

Ultramafics

Mafic 
complex}

Scarponi et al. 2020, 2021

Rocks are 400 °100 kg/m3

denser at 1 °1 km depth b.s.l. 

than at the surface!



5

Project DIVE
Two successful boreholes:

ÅReached the targets

Å100% core recovery

1_B

578.5 m

1_A

909.5 m
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DIVE cores: spatial variability
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DIVE lithologies

Kinzigite

Amphibolite

Calcsilicate

Leucosome
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Gabbronorite

Gabbro

intrusive Gabbronorite

Garnet-Granulite

Stronalite

Pyroxenite

Garnetite

Anorthosite

1_A1_BKey findings:

ÅMore metasedimentsthan 
expected at these depths

ÅSignificant interlayering

ÅPseudotachylites

ÅMany thin éfew thick 
layers Ą hyperboliclayer 
thickness distribution

ÅRich set of borehole logs 
and core scans reveal a 
lot more é
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DIVE OperationalReport available
Greenwood, Venier, Hetényi, Ziberna, and 46 others (2025) 
Drilling the Ivrea-Verbano zonE: DIVE 1 тICDP Operational Report. 
GFZ Data Services, Potsdam, 109 p. doi:10.48440/ICDP.5071.001

https://doi.org/10.48440/ICDP.5071.001


About 45 projects ongoing:
ÅRock mass classification
ÅFluids and gases

ÅBulk composition
ÅSeismics& upscaling

ÅCarbon budget
ÅMelt transfer

ÅSulphides
ÅMicrobiology

ÅMetamorphism
ÅGeochronology

ÅRock physics
ÅRheology

ÅRedox processes
ÅMagnetism

ÅMicrostructures
Åé
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DIVE Research
by Tonietti,

Giovannelli@Naples

by Venier@Mainz

by Ferenczy@Mainz

by Gegg @Freiburg

Calcsilicate rock, FOV: 5mm
by Sarah Degen@UNIBE

Č Thermal characterization



J-B. J. Fourier

Thermal variability of the Lower 
Continental Crust 

Data on thermal properties like thermal conductivity (TC), thermal diffusivity (TD),

and radiogenic heat production (A) of lower crustal rocks are scarce.

Ą But are crucial for crustal and lithospheric heat flow models.
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Single thick 

layers and one

average value 

for A

Hacker et al. 2015 Furlong and Chapman 2013

Two layer crust

Å one TCvalue for the UC 

and LC

Å one A value for the LC 



J-B. J. Fourier

Thermal variability of the Lower 
Continental Crust 

Data on thermal properties like thermal conductivity (TC), thermal diffusivity (TD),

and radiogenic heat production (A) of lower crustal rocks are scarce.

Ą But are crucial for crustal and lithospheric heat flow models.

Many existing data are point-wise measurements (TC), with only few studies 

available on how thermal properties vary on spatial and lithological scales.

Ą Continous high-resolution TCprofiles of samples to fully capture these 

variabilities.  
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TCand TDMeasurements

Å optical scanning method (TC, TD)

Å high-resolution (2 mm)

Å ~32 m (76 samples)

Å > 13õ000 data points

Half cores Whole rounds

Surface samples

Å Needle-probe technique (TC)

Ąmin/max TC

Å 10 samples

Å Needle-probe technique (TC)

Ąmin/max TC

Å optical scanning method (TC, TD)

Ącomparison to drill cores

Å 11 samples
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hotsensor

Heat source

coldsensor
Å Continuous TC/ TDscanning along cores axis

Å Gabbro standards (TC)  

Å fused Qtz and Ti-alloy standards (TD)

Å dry and ambient conditions (20°C, 1 atm.)

Optical thermal conductivity scanner (OTCS) 

Optical Thermal Conductivity Scanning

Scanning direction
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pseudotachylite

quartzite

metasediment

quartz grains

A

B

C

OTCS 

TCand TDðHigh-Resolution Scans
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1_B 1_A

all data TCpoints N = 13õ464

TC-Variability

15Lemke et al. 2026



High variability between and within 
lithologies: 

Å lithological variability

ÅTC variability of minerals

Å Grain sizes

Lemke et al. 2026

TC-Variability

all data TCpoints N = 13õ464

1_B 1_A
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17Lemke et al. 2026

TC-Distribution

all data TCpoints N = 13õ464

1_B 1_A

17



Needle probe, perpen.

Needle probe, parallel

Anisotropy: 1.06 ð1.42*

Lemke et al. 2026

TC-Anisotropy
* * *

* *

*
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Å concentrations of U, Th and 

K combined with drill core 

density (ⱬ) log

Å LA-ICP-MS & XRF 

Å Gamma-ray spectrometry

Å 288 samples

Bulk rock analyses

Gamma-ray spectrometry

MSCLⱬlog

*A (ÕWÅm-3) = �éÅ ( 9.52 CU + 2.56 CTh+ 3.48 CK) Å 10
-5 Rybach et al. 1988

by A. Secrétan @ UNIL

fused discs

rock powder

Radiogenic Heat Production A*
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