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Introduction: Subaereal and marine hydrothermal 

systems have been suggested to be important environments 
for prebiotic chemistry on early Earth [e.g. 1]. The high 
temperatures generated by hypervelocity impact has been 
shown to induce hydrothermal systems on Earth [2–4], as 
well as been proposed for Mars [5]. On Earth, post-impact 
induced hydrothermal systems (PIHs) are centers of local-
ized fluid alteration and prebiotic chemistry [6], as exem-
plified by the Haughton impact structure, Canada [1, 7-9]. 
It is the purpose of this work to improve upon previous im-
pact-induced hydrothermal modeling [e.g. 10-12] by fully 
coupling a hydrocode (iSALE) and a hydrothermal code 
(HYDROTHERM) to model the full evolution of impact-
induced hydrothermal systems. Our aim is to validate our 
method by modeling the Haughton structure, before mov-
ing to Martian craters. Here, we present our preliminary 
results of Haughton crater. 
 

 
Figure 1. Simplified geological map of the Haughton struc-
ture. Modified from [13]. 
 

Haughton Observational Constraints: Haughton is a 
complex crater located on Devon Island, Nunavut, North-
ern Canada, see Figure 1 [13]. While the concentric normal 
faults give an apparent crater diameter of ~23 km, the pro-
posed original crater rim diameter is actually ~16 km [13]. 
The material composing the central 8-9 km diameter of the 
crater floor is predominantly allochthonous crater-fill im-
pactites composed of impact melt rock derived from 700 m 
to 2 km depth in the target stratigraphy, plus km-size up-
lifted blocks of Eleanor Rover Formation [13]. The crys-
talline basement, with a pre-impact depth of 1.9 km, is not 
exposed in the central uplift but is present as clasts in the 
crater-fill deposits [13]. At ~3.2-4 km radial distance to the 
east of the crater center, the Haughton river has exposed 
the upturned Bay Fiord Formation, which is derived from 
~1000 m depth [13]. Further radially outward but still 
within the rim diameter, proximal ejecta can be found de-
rived from 200 m to 1300 m [13]. The ballistic ejecta found 

outside the crater rim is derived from a depth of less than 
~750 m [13]. We will use all of these observations to con-
strain our best-fit hydrocode impact model. 

Evidence of PIH alteration at Haughton is predomi-
nately localized to five distinct regions [14]: (1) marcasite 
and calcite mineralization within crater-fill impact melt 
rocks; (2) the central uplift structure is cemented by hydro-
thermal quartz; (3) pervasive calcite veining around the 
edge of the central uplift; (4) hydrothermal pipe structures 
around the faulted crater rim; and (5) alteration of the 
ejecta. A proper hydrothermal model should contain all of 
these distinct regions within it; therefore, these are the con-
straints used in our hydrothermal model. 

Modeling Approach: To model the vastly different 
timescales and physics of the crater-forming process and 
the PIHS, we used two separate codes (iSALE and 
HYDROTHERM) to model the full evolution of an im-
pact-induced hydrothermal system.  

iSALE: We used the iSALE shock physics code [15-
17] for the hydrocode modeling. The runs were conducted 
in axisymmetric 2D. While this assumes a statistically un-
likely vertical impact angle, we can account for this limita-
tion by utilizing only the vertical component of the impact 
velocity (vi), i.e. vi•sin(45º) [18]. Our mesh geometry in-
cluded a high-resolution zone containing cells of 16.25 m 
and extended 600 cells from the basin center and to a depth 
of 600 cells.  

Due to current equations of state (EOS) limitation, the 
~1.9 km of sedimentary rocks – which comprises ~75% 
carbonates (limestone and dolomite) with minor sand-
stones and shale – was modeled with the calcite ANEOS 
EOS [19], while the underlying granite bedrock and im-
pactor were modeled with the granite and dunite ANEOS 
EOS, respectively [20, 21]. The anhydrite and gypsum-rich 
Bay Fiord Formation was also modeled with the calcite 
ANEOS EOS; however, it was given lesser strength to ac-
count for it being structurally weaker.  

To simulate the rheology of the dunite, limestone, gyp-
sum, and granite, we incorporated a rock-like strength 
model [16], a damage model with an exponential depend-
ence on plastic strain [22], a dilatancy model [23], a ther-
mal weakening model [24] corresponding to the tempera-
ture- and pressure-dependence of the material, and an 
acoustic fluidization model [25].  

We conducted a parameter sweep of runs varying the 
projectile diameter, impactor velocity, and acoustic fluidi-
zation parameters until we matched the observational con-
straints discussed above. 

HYDROTHERM: The hydrothermal modeling utilized 
the USGS code HYDROTHERM [26] version 3.2, which 
has been successfully used to model PIH systems by pre-
vious groups [10-12]. Unlike previous workers, we utilize 
the direct temperature, porosity, topography, and material 
layering from iSALE as the initial condition of our 
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HYDROTHERM runs. This is achieved by keeping the 
mesh geometry the same between the high-res zone of 
iSALE and HYDROTHERM (i.e. axisymmetric, 600 cells 
by 600 cells).  

We assume a fixed value boundary condition at the sur-
face with atmospheric pressure and temperatures, 1 bar and 
20 ºC. Our current models contain a simplified permeabil-
ity structure with a uniform permeability for each material 
type. This will change as our modeling becomes more de-
veloped. We run the simulations until the high tempera-
tures after impact cool to the background thermal gradient. 

Results: iSALE: Our best-fit model utilizes a 715 m in 
diameter dunite projectile with an impact velocity of 14 
km/s (i.e. kinetic energy of ~6.22•1019 J). Figure 2 shows a 
plot of the Lagrangian tracer particles for this particular 
run. The tracer particles are color-coded to their origin 
depths with the black solid lines indicating material bound-
aries. It is apparent from this figure that we are matching 
the major observation constraints discussed above: none of 
the ballistic ejecta is sourced from depths greater than 750 
m, the gypsum/Bay Fiord Formation is at the proper radial 
location ~3.2-4 km, the crater rim is ~16 km in diameter, 
and the central 8 km is derived from 700 m to 2 km depth 
in the target sequence.  

For higher kinetic energies (higher impactor diameter 
or velocities), the ballistic ejecta begins to excavate deeper 
than 750 m. Similarly, we were not able to match the im-
pactor rim diameter for smaller impact velocities. 

 

 
Figure 2: Lagrangian tracer particles for best-fit iSALE 
result. Note: black lines indicate material boundaries, the 
color of tracer particles > -750 m is fixed to white and < -
1.9 km color is fixed to gray. 
 

HYDROTHERM: We have successfully coupled 
iSALE and HYDROTHERM, which has not been done by 
any previous studies into modeling PIHs [e.g. 10-12]. So 
far, our HYDROTERM models have been conducted for 
only simplified complex craters modeled with iSALE. 
From these preliminary runs, we are seeing concentrated 
alteration within the central crater and the edge of the cen-
tral uplift, like observed in Haughton. 

Additionally, we have observed that the lifetime of the 
hydrothermal system can be extended if there is an uplift 
of a less permeable underlying bedrock, like the granitic 
bedrock at Haughton. This is due to the concentrated fluid 
flow in the overlying more permeable layer, which de-
creases the cooling timescale of the post-impact tempera-
tures. In contrast, the uplifted less permeable bedrock has 
less fluid flow, cools more conductively, and allows a 
transfer of higher temperatures to the overlying hydrother-
mal system; thereby, increasing the lifetime of the PIHs.  

Conclusions: Our best-fit iSALE model utilizes a 715 
m in diameter dunite projectile with an impact velocity of 
14 km/s (i.e. kinetic energy of ~6.22•1019 J). We have suc-
cessfully coupled iSALE and HYDROTHERM.. Our pre-
liminary and simplified HYDROTHERM models illustrate 
the necessity to constrain PIHs modeling with accurate out-
puts from hydrocodes. Moving forward, we are planning to 
improve HYDROTHERM modeling to better represent our 
Haughton iSALE models; this includes the incorporation 
of depth and temperature dependent permeabilities as well 
as approximate fault locations with zones of high permea-
bility. 
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