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Analysis of RHP in Finland                  

The homogeneous and detailed coverage of Finland with RHP samples 

(Veikkolainen et al., 2019) allows a statistical comparison between the full 

dataset and a scenario where samples are only available in border areas 

(defined as a 0.2°-wide zone around Finland), as is the case for Greenland. 

The dataset allows to estimate the correlation length of RHP, which is the 

distance over which a single point influences its surrounding area. 

We use 100 randomly chosen subsets 

of different size to investigate the  

minimum number of samples (here: 

60) needed to explain the mean valu-

es and standard deviations of the full 

units (Fig. 2).  

The GHF maps (Fig. 5D, 5H) clearly shows small-scale variations from 
the RHP. Large scale differences are caused by the different structure 
of the units with partly significantly different mean RHP values (Fig. 5B, 
5F) . The maps predict up to 20 mW/m² of difference locally in the in-
terior of Greenland.  

Conclusions and Outlook               

• Finnish dataset provides a general insight into RHP variability within 
and between geological units 

• Conditional simulation illustrates possible local variations of GHF 
caused by RHP variations 

• Substantial differences between geological maps underline the need 
for reliable geological maps to constrain the distribution of RHP  

• RHP statistics for NE and Central Greenland are less reliable due to a 
limited number of observations 

• No evidence was found to support anomalously high heat flow in 
central Greenland. 

 
In the future, the results will be used to couple ice temperature and 

glaciological models with solid earth models, potentially improving  

estimates of subglacial GHF.  

Mean RHP                      Simulation of RHP           GHF map 

Based on the Finland analysis, we estimate mean and standard deviation 

of RHP (Fig. 3) using the RHP samples and geological units. For units with 

less than 60 well-distributed observations we cannot  reliably determine 

the RHP statistics.  

We perform conditional simulations (example 

in Fig. 4) using the RHP statistics and a correla-

tion length scale of 50 km as observed in  

Finland, resulting in possible simulations of the 

RHP maps (Fig. 5C, 5G).  

We calculate the GHF from the simulated RHP 
maps with the 1D steady-state heat equation: 

GHF = k1(TMoho—T0)/zMoho + 0.5 RHP zMoho  

 

Moho depth zMoho, Moho temperature TMoho, and thermal conductivity  
(k₁ = 2.7 W/mK) are derived from the lithospheric-scale model of Wansing 
et al. (2024).  

Fig. 5: (A) Geological map after MacGregor et al. 2024 with example Histogram and the resulting (B) mean RHP per unit, 

(C) conditional simulation of the RHP and (D) GHF. (E) The geological map after Dawes 2009 and the resulting (F)  mean 

RHP per unit,  (G) conditional simulation of the RHP and (H) GHF. 

Fig. 1: (A) Geological units 
(based on Stephens et al. 
2020) and RHP samples in 
Finland (Veikkolainen et al. 
2019). (B) Histograms of 
RHP for geological units, 
comparing full-unit data 
with border-area data.  

Fig. 2:  Fit of random samples of specific size 
to the mean values and standard deviations 
from the units in Finland. 

Fig. 4: 2D Example of a con-

ditional simulation.   

A)                B) 

Fig. 3: The RHP samples (Gard et al. 2019, 

EarthChem database).  
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A)                                          B)               C)                                                      D) 

Most of the RHP samples for Green-

land are located at the coasts (Fig. 3). 

We use two different geological 

maps. The first map by MacGregor et 

al 2024 uses different geophysical da-

tasets to derive the sub-ice geology 

(Fig. 5A). The second map by Dawes 

2009 extrapolates the geology at the 

coasts below the ice (Fig. 5E). 

E)                      F)              G)                                                     H) 

Application to Greenland                         

       Data and Method         

 

Freienstein, J., Szwillius, W., Zimmer, M., Ebbing, J. (2025) Learning from Finland: Variability of subglacial he-
at flow in Greenland explored from geological units and Radiogenic heat production. ESS Open Archive, sub-
mitted to JGR: Solid Earth 
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 Motivation                          

Spatial variability of geothermal heat flow (GHF) in Greenland  is critical to 

predict ice sheet dynamics. However, the scarcity of borehole measure-

ments complicates GHF predictions and most samples of thermal parame-

ters are from its coasts, requiring extrapolation or modelling to predict 

these under the Greenland ice sheet. We present an approach that  

combines radiogenic heat 

production (RHP) and geo-

logical domains to predict 

GHF variations. First, we de-

rive the statistical variability 

of RHP for geological units, 

validated using Finland‘s  

extensive RHP dataset,  before we apply conditional simulation to study 

the possible amplitude and spatial variability of GHF under the Greenland 

ice sheet. Subglacial geology is, however, not well known for Greenland, 

thus, we also test the effect of using different geological maps.   

       Results        
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