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Introduction: Hydrothermal mineralization has
occurred in many impact craters including also a 4-km
marine complex crater in Kärdla, Estonia. Mineralogical
and fluid inclusion data [1,2] provide temperature ranges
for different mineralization events and, thus, giving a
starting point for modelling. Modelling includes both (1)
impact modelling to get the structure and temperature
distribution in crater rocks right after the impact, and (2)
geothermal modelling to get information on heat transfer
processes and time-scale of post-impact cooling.

Impact Modelling:  The target in Kärdla was about
150 m thick sedimentary layer on top of crystalline
basement [3]. The impact took place in a ~100 m deep
epicontinental Ordovician sea. SALE hydrocode was
used to simulate formation, modification, and impact-
induced heating in Kärdla crater. Both Tillotson equation
of state and ANEOS algorithm were tested.

Modelling results suggest that usage of Tillotson
equation of state gives very poor estimate of impact
heating effect. It gives a temperature rise of ~100 K
only, which contradicts with temperature of at least
300°C proven by PDF studies, quartz fluid inclusion
homogenization temperatures, and chloritization
geothermometry [1]. Maximum temperature estimate of
450°C [1] relies on formation of K-feldspar prior
chloritization and maximum fluid inclusion
homogenization temperature estimates. Results obtained
using ANEOS algorithm are in better agreement with
observations and suggest maximum temperatures of 300-
350°C.

The crater is filled with resurge deposits which are at
least 170 m thick. Unfortunately we were not able to
simulate resurge flow and formation of resurge gullies
with 2-D software in axisymmetric coordinates.

Geothermal Modelling:  Post-modificational
temperature distribution in crater rocks was one of the
input parameters for transient fluid flow and heat transfer
simulations for 2-D axisymmetric case. Fluid and rock
properties were temperature-dependent. Effects due to
fluid phase changes and associated latent heat effects
were also implemented in the software.

The phase change of water has a double effect on
heat transfer. First, when water vaporizes, its density
decreases by more than one order of magnitude resulting
in high buoyancy and rapid upward flow. Second,
vaporization requires additional (latent) heat, which is

absorbed from surrounding rocks resulting in their
effective cooling at the high water vaporization rates. 

The preliminary results suggest that vaporization of
upward flowing fluid contributes significantly to
cooling, decreasing the maximum temperature below
boiling point (~ 250°C in case of Kärdla) in a few tens to
hundreds of years. Heat transfer by liquid fluid is not as
powerful as in vapor phase. The radiative heat transfer
would start to contribute noticeably at temperatures
above 600 °C, but is insignificant in Kärdla-size crater
because of too low temperatures even immediately after
the impact.

In the early stage of cooling, convective heat transfer
prevails whereas at later stage conduction dominates.
The ratio of convection over conduction (Peclet number)
depends largely on assumed permeability structure.
Direct measurements give information only about
present day permeability, therefore, detailed
investigations are needed to estimate the decrease of
permeability due to closure of pores by hydrothermal
mineralization.

It should be noted that the same hydrothermal
mineral precipitated at a different time at different
location inside the structure. Because different parts of
the crater cooled at different rate the lifetime of
hydrothermal mineralization varied. For example, at
comparable depths the rocks in central uplift are not
cooling as fast as rocks near the ring depression because,
in respect to groundwater convective system, they are
located at discharge and recharge areas, respectively.
Rocks at rim might have got additional heat by upward
flowing fluid.

Cooling to ambient temperatures in the central part of
the crater lasts for thousands of years. Despite of
relatively rapid cooling, the thermal perturbations in the
deeper part of the central uplift should be observable
with geothermal tools even a few tens of thousands of
years after the impact.
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