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Re-equhbration after the disruption associated with large impacts includes: Infilling of the crater 
depression, cooling of melt rocks, development of a hydrothermal circulation system, and mineralogical and 
geochemical alteration of target rocks, ejecta, and melt rocks. Emphasis has traditionally been devoted to 
establishing mineralogical and geochemical affinities among boundary layer clay, ejecta, impactor, and 
target rocks: little attention has been given to post-impact processes, though hydrothermal circulation is 
likely to chemically and mineralogically alter the composition of materials at the impact site. Based on 
mineralogcal examination of material from the Manson Impact Structure (MIS), the presence of a hgh- 
temperature hydrothermal system operating w i h  the central uplift is indicated (temperatures on the order 
of 300°C). Previous assessments of hydrothermal systems developed in impact craters have focused on 
thermal models of the impact melt sheet alone. In large impact structures, the formation of a central uplift 
represents an additional thermal perturbation of the system (several contributions must be considered: 
uplift of the geotherm, residual shock heat from the impact event, and rapid unloadmg). Utilizing 
previously-obtained temperature estimates for the impact melt-matrix layer and physical models for crater 
formation, a consideration of heat sources for a complex crater reveal that at the MIS the central uplift 
provides a greater caloric input than the hottest breccia material (approximately 60 cal/g compared to 170 
callg respectively; but when relative volumes are considered, 0.9 X loz0 cal and 0.1 X loz0 cal, 
respectively). Although the calculation is sensitive to initial and b o u n d q  conditions, the volume of water 
heated by the event is considerably increased relative to an estimate considering only the melt rocks. 
Neglecting the thermal significance of the central uplift results in considerable underestimation of cooling 
time as well. A conductive cooling model for the melt-matrix breccia indicates that coohg would be 
largely completed (20% of initial temperature) in less than 100 years, depending on the thickness of 
overlying sedimentary clast breccia material. The central uplift (treated as a cyhder of 5 km diameter) 
requires approximately one million years to achieve the same degree of coolug. The observed mineralogy 
is best explained by the operation of a hydrothermal system driven by heat within the central uplift. The 
temperature necessary to produce the obsewed mineralogy is not hkely to result from uplift alone: an 
addtional heating component due to shockhnloading processes is required. 

The operation of a post-impact hydrothermal system at the MIS has been previously reported [l,  
21. Lithologies encountered at the MIS are described elsewhere [3], as is the hydrothermal mineralogy [4]. 
The observed hydrothermal mineralogy (including garnet, ferroactinolite, zeolites, and chlorite) requires 
temperatures on the order of 300°C for times sufficient to grow cm-scale quartz and zeolite crystals. The 
pattern of increasing hydrothermal temperature with increasing core depth indicates a deeper heat source 
than the shallow melt-matrix breccia. Similar observations regarding a central uplift-sourced hydrothermal 
system have been reported for the 80 krn-diameter Russian Puchezh-Katunki impact structure 151. 

Previous quantitative impact cooling models [6, 73 have considered impact melt material and 
processes. Conductive cooling models were calculated for the melt-matrix breccia layer and the crystalline 
central uplift. Uslng equations from Jaeger [8] and Carslaw and Jaeger [9], the melt-matrix breccia layer 
was treated both as a lava flow and a sill (to assess the importance of depth of cover by subsequent 
sedtmentary clast breccias). The central uplift was modeled as a cylinder. At the MIS, the melt-matrix 
breccia layer is estimated to be 30 m thick. The central uplift radius is estimated at 5 km. The thermal 
difisivity for all lithologies is modeled at 0.01 cm2/s. Model results for the relatively thin melt-matrix 
breccia reveal that, even under thck cover, the time required to m l  to 20% of the initial temperature is 
less than 100 years. The central uplift is the most significant heat source, requiring over one million years 
to cool to 20% of the initial temperature. Figure 1 depicts the cooling profiles for the central uplift model. 
The model predicts that purely conductive heating of the crater fill is not substantial (about 25% of the 
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initial uplift temperature attained 200,000 years after impact). Pervasive alteration of breccia materials at 
temperatures above 100°C would thus require convective heat transport. The central uplift retains 20% of 
its initial temperature for a time scale of one million years; sufficient to dnve a hydrothermal circulation 
system. Note that the cooling time required to reach T/To = 0.5 for the center of the uplift (x/r=O) is just 
under 400,000 years for the 5 km radius. Figure 2 shows model cooling times for a wide range of central 
uplift radii. 

Though the melt-matrix breccia represents the hottest post-impact material deposited at the MIS, 
consideration of mineralogical and model results suggests that heat from the central uplift drives the long- 
term hydrothermal system. Uplift of the geotherm alone is insufficient to explain the hydrothermal 
mineralogy at Manson: residual heat from the impact or unloading phenomena are likely additional factors. 
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Figure 1. Model results for 
conductive cooling of a cylindncal 
central uplift. Cooling profiles are 
labeled in thousands of years (ky) 
elapsed since impact. The abscissa 
represents distance from the center 
relative to cylinder diameter (r). The 
ordinate (T/To) is temperature (T) 
relative to initial temperature (To). 
The outer boundary of the cylinder 
is inhcated by a heavy vertical line 
at x/r=l. Thermal diffisivity is 0.01 
cm2/s and uplift radius = 5 Ian. 

Figure 2. Conductive model results 
for time required for various degrees 
of cooling as a function of central 
upl& radius. Results are plotted for 
T/To = 0.30, 0.50, and 0.80. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


