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Introduction: Impact events locally increase the
temperature of a planetary crust, initiating hydewt
mal activity if water or ice is present. Impact-irgd
hydrothermal activity is responsible for mineralgly
and morphologically modifying many terrestrial enet
[e.g., 1], and was suggested for Martian craters3JR

While there are probably no active impact-induced

pletely freezing for thousands of years under akthi
sheet of ice, even under the current climatic dions.
Our model simulations, plus observations at tefigdst
impact sites [e.g., 1, 13], suggest that the mgtne
sive hydrothermal alteration would have occurred in
the central peak (for smaller craters) or the peads
(for larger craters), and the modification zone rghe

hydrothermal systems today, they may have beenfluid flow is facilitated by faults. The region afctive

prevalent at ~3.9 Ga, during an intense periodoofi-b
bardment lasting 20 to 200 Ma [4, 5]. This catatlys
likely affected Mars, because meteorites from the a
teroid belt, as well as the only sample of the amici
Martian crust (meteorite ALH 84001), show effects o
impact-induced metamorphism at ~3.9 Ga [6, 7]. Thus
we are focusing on an early Martian environment.
Goals of this work: One of the goals is to constrain
the lifetimes of impact-induced hydrothermal sysem
on early Mars. Conductive crater cooling models-sug
gest that the lifetimes of hydrothermal systemsran
ters 20 to 200 km in diameter are 216 1¢ years
[e.g., 8, 9]. The present work seeks to evaluateath
ditional effects of heat transport by water ancaste
Another goal is to further understand the mechaoics
post-impact hydrothermal circulation, with a foous
locations of near-surface activity. Together witti-e
mates of system lifetimes this allows the predictis
the type, location, and extent of alteration. Hinale
are seeking to understand the biological poterdfal
these systems in terms of their habitable volume.
Modeling Technique: Hydrothermal activity in
early Martian craters 30, 100, and 180 km in di@met
was modeled using a modified version of a publicly
available program HYDROTHERM [10], a finite dif-
ference code developed by the U.S. Geological $urve
For the present work, the program’s radial mode is
used. HYDROTHERM has been previously applied to
hydrothermal systems at Martian craters [11]. Tie i
tial temperature distribution underneath Martiaaters
is obtained from hydrocode simulations [e.g., 12].
Results: Our modeling suggests the evolution of a
post-impact hydrothermal system on early Mars pro-
ceeded as follows. The first step was the grauityet
rapid draining of the rim and the flooding of thater
cavity by groundwater and any other available water
source. Eventually, a crater lake should have fdrine
the basin of the crater, changing the flow of wétem
a gravity-driven to a hotspot-driven state. Newsatm
al. [3] argued that the thermal energy of the imipac
melt and the central uplift can keep a lake frorme€o

hydrothermal circulation extends laterally almasttie
crater rim and to a depth of several kilometerse Th
habitable volume for thermophilic organisms (volume
of rock that has water flow and a temperature betwe
50 and 100 °C) reaches a maximum of ~6008 km
the 180 km crater.

The average lifetimes of impact-induced hydro
thermal systems on early Mars are estimated at650.0
Ma for the 30-km crater, ~0.29 Ma for the 100-km
crater, and ~0.38 Ma for the 180-km crater, anceddp
strongly on assumed ground permeability. These long
lifetimes are partly explained by the most vigorous
circulation taking place near the surface and thtéeh
parts of the models being impermeable due to the br
tle/ductile transition at about 360 °C. Thus, cartidun
remains the dominant form of heat transport in mofch
the model, especially for larger craters. Anothen-c
sideration is vertical heat transport by flowingteva
which can increase the temperature of near-surface
regions and prolong the lifetime of the systemakin
convection is less vigorous on Mars due to lowangr
ity, resulting in less heat removal compared toilaim
systems on Earth, but this is partly balanced by a
higher overall permeability. In general, the conabin
tion of relatively long lifetimes and long-lived wel-
lings suggest that impact-induced hydrothermal sys-
tems on early Mars would have resulted in a sigaift
mineralogical alteration of the crust and could éav

provided suitable habilitable environments.

References: [1] Naumov M.V. (2002) In: Plado J. & Pesonen
L.J. (eds.)mpacts in Precambrian Shields, 117-171, Springer. [2]
Newsom, H. E. (1980xarus, 44, 207-216. [3] Newsom, H. E. et al.
(1996) JGR, 101, 14951-14956. [4] Tera, F. et al. (197&rth
Planet. Sci. Lett., 22, 1-21. [5] Ryder, G. (2000¢os Trans. AGU,
81(19), Spring Meet. Suppl., abstr. B22B-01. [6] KyirD. A., and
Cohen, B. A. (2002))GR, 107(E2), 4-1 to 4-6. [7] Bogard D. D.
(1995) Meteoritics, 30, 244-268. [8] Daubar, I. J., and Kring, D. A.
(2001) LPSC XXXII, Abstract #1727. [9] Turtle, E. P., et al. (2003)
Meteoritics Planet. Sci., 38(2), 293-303. [10] Hayba, D. O. and
Ingebritsen, S. E. (1994).S. Geol. Surv. Water Resour. Invest.
Rep., 94-4045, 85 pp. [11] Rathbun J. A. and Squyres S. W. (2002
Icarus 157, 362-372. [12] Pierazzo et al. (2004pSC XXXV, Ab-
stract #1352 [13] Osinski, G. R. et al. (2004gteor. and Planet.
Sci., 36, 731-745.



