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A PRELIMINARY PROCESS-ORIENTED GEOLOGIC HISTORY FOR GANYMEDE. Scott L. Murchie and 
James W. Head, Dept. of Geological Sciences, Brown University, Providence, RI 02912. 

The surface of Ganyrnede possesses several types of tectonic features emplaced over a period of up u, 109 yrs (1-13). 
These features include furrows, which form hemispheric-scale systems in ancient dark terrain (1-6); younger U-shaped 
grooves concentrated in resurfaced light terrain and forming large expanses of grooved terrain (1,3,7-11); topographic domes 
and ovoidal features (12,131; and possibly major shear zones (5). Nearly all of the observed surface of the satellite is 
believed to have been resurfaced sometime during its history; this resurfacing includes both ,a) emplacement of light terrain 
and (b) early resurfacing of dark terrain implied by a lower crater density there than in similar terrain on neighboring 
Callisto (1,3,4,6,7,8,9,11,14). Several recent studies have produced interpretations of the timing, amounts, and styles of 
resurfacing (4,6,8,9,11,14,15). of the evolution of thickness and style of deformation of the lithosphere (5,6.14,16), of the 
origins of regional and global tectonic patterns (5,6,10,14,17), and of the possible relationship of patterns of surface 
deformation to patterns of mantle convection !3,4,5,6,13,17,18). In this study we integrate the observations and 
interpretations from these studies with crater-ages of the main terrain units (31, (a) to identify time periods characterized by 
different styles of geologic activity, and (b) to determine if there are trends in these interpretations that may be indicative of 
the satellite's geologic evolution. 

In Table 1, the six time periods that we recognized are listed; periods 3-6 have been discussed previously by (3). These 
six periods are: (1) early post-accretion (4.6 Gyr), (2) pre-furrow formation (4-6-4.0 Gyr), (3) furrow formation (4.0-3.8 
Gyr), (4) a transitional period (3.8 Gyr), (5) grooved terrain formation (3.8-3.1 Gyr), and (6) post-grooved terrain formation 
(c3 .1  Gyr). For each period, we have listed and referenced (a) processes interpreted to have formed major tectonic 
features, (b) types and interpreted amounts of resurfacing and volcanism, and (c) interpreted evolution of the lithosphere. 
Also listed and referenced are implications of these processes for the state of the satellite's interior: id) global volume 
change, (e) patterns of mantle convection, and (0 internal thermal evolution. 

Several trends in Ganymede's geologic evolution emerge from this integrated set of observations and interpretations. 
F i s t ,  the structuml fmmework of the lithosphere was established prior to 3.8 Gyr and was the result largely of emgenic 
processes. Tidal stresses are interpreted to have disrupted the early crust and ta have formed long-lasting zones of 
weakness during period 1 (10,141. Hemispheric-scale systems of radial and concentric fractures (the furrows) that formed 
during period 3 are interpreted to be related to large impacts (1,2,3,5,6,19). Both types of fractures were reutilized during 
grooved terrain formation in period 5, and controlled groove orientation in large areas (10,141. 

Second, the lithosphere is stnrctumlly complex, may be intruded by plutons (12,131, and m y  be layered on a global scale. 
The implied resurfacing of ancient dark terrain ( I )  must have been a t  least several hundred meters thick to bury preexisting 
topography. However, because tidal fractures formed during period 1 were reactivatPd during period 5 when the brittle 
lithosphere was < 10 krn thick (14.16). the thickness of the material emplaced during period 2 is likely to be < 10 krn. 
These constraints on the thickness of the resurfacing material imply that the brittle lithosphere during periods 3-5 may 
have consisted of a younger upper layer and an older lower layer. 

Third, two independent lines of evidence suggest that during periods 3-5 (furrow formation through grooved terrain 
fonnation) Ganymede's mantle became wanner. (a) Lithospheric thickness decreased at  least locally from 6-10 km during 
period 3 to 2-5 km during period 5, implying a steeper lithospheric thermal gradient (14,161. (b) Hemispheric-scale doming 
interpreted to have formed a minor system of furrows during period 3 would require large-scale convection probably 
involving the whole mantle (6). However, strike-slip offset of large blocks of lithosphere during period 4 (5) is interpreted to 
be caused by multiple convection cells in the upper mantle (3,5,10). These interpretations suggest a rapid change from 
whole mantle to layered convection. Models of the stability of dense ice phases to convection (20) suggest that such a 
change in convection patterns would result from increasing internal temperatures. 

Fourth, global-scale tensional stress in the lithosphere appears to h e  occurred not only during the fonnation of grooved 
terrain (periods 4,  5 )  but also during firrow fonnation (period 3 )  (5,6,9,10,14,16,18). Therefore, some process other than 
global expansion may have caused the shift in tectonic styles from furrow formation to grooved terrain formation. 
Possibilities iriclude the development of large-scale shear zones (5), a shift in patterns of mantle convection (3,5,6,20), and 
the decrease in lithospheric thickness (14.16). 

Fifth, the timing of the most abundant volcanism may not coincide with thnf of the greatest thrermal gradient in the 
lithosphere Resurfacing during period 2 built up a layer probably between several hundred meters and 10 km thick. A 
second major period of resurfacing, emplacement of Light terrain several hundred million years later during period 5, 
emplaced a layer about 1 km thick covering about 50% of the satellite's surface (11). The volume of the later deposit may 
be up to twenty times less than the volume emplaced during period 2, despite the fact that decreased lithospheric thickness 
implies a greater lithospheric thermal gradient during the later period (16). Perhaps some volatile with a lower melting 
temperature than H, 0 (such as NH, ) was mobilized to a greater extent during period 2. 
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