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Wrinkle ridges i n  Hesperia Planum are similar i n  niorphology to those in other regions of Mars such as 
Lunae Planum, the Coprates region, and Chryse Planitia [ I ]  and to lunar mare ridges [2]. Martian wrinkle ridges 
have been classified into four types: high- and low-relief ridges, ridge rings, and rectilinear ridges [I] .  High- and 
low-relief ridges and ridge rings are believed to be compressional tectonic features formed in volcanic plains, 
whereas rectilinear ridges are thought to result from differential erosion or are the surface expressions of dikes [3, 41. 

Based on ridge-fault crosscutting relations i n  ridged plains east of the Tharsis province, wrinkle ridges 
circumferential to the Tharsis volcanoes are found to have formed both prior to and coincidental with the extensional 
tecconic events that produced the faulting [5]. Superposition relationships between ridges and volcanic flow units 
show that ridges formed after the emplacement of the ridged plains unit but prior to the emplacement of the volcanic 
flows of Syria Planum and the Tharsis Formation [6]. Observation of the deflection of ridges by crater materials in 
ridged plains in the Coprates region suggests that ridges formed after a significant number of impact events, and thus 
at a time clearly post-dating plains emplacement [7 ] .  

Wrinkle Ridges in Hesperia PIanum 

Two sets of orthogonal ridge trends are observed i n  Hesperia Planum suggesting two major compressional 
events [8]. Porter et al. [9] showed that some ridges i n  the Tyrrhena Patera flank flow unit [ lo]  are younger than 
lava flows within the unit (NW-SE trends, circumferential to Hellas) and others are older than or contemporaneous 
with lava flows within the unit (NE-SW trends, radial to Hellas). Crater statistics indicate that the Tyrrhena Patera 
flank flow unit is Late Hesperian to Early Amazonian in age, illustrating that at least some ridges formed much later 
than the emplacement of ridged plain materials [ l l ] .  

Wrinkle ridge trends in Hesperia Planum are similar to those in the Tyrrhena Patera flank flow unit [9]. 
While the orthogonal pattern of ridges in Hesperia Planum suggests at least two episodes of deformation, the relative 
ages of the orthogonal ridge sets and the timing of their formation are uncertain. Important constraints on the 
tectonic evolution of the eastern Hellas region would be provided by determining whether wrinkle ridges formed 
during or immediately after emplacement of the ridged plains unit, or in one or multiple events distinct in time from 
plains emplacement [consistent with 8 and 91. The objective of this investigation is to examine crosscutting 
relationships between wrinkle ridges and craters to document tectonic events affecting Hesperia Planum. 

Relationships between Wrinkle Ridges and Craters 

The study area includes Hesperia Planum as defined by Greeley and Guest [I21 north of -30" latitude, with 
the exception of the Tyrrhena Patera shield units and the southwest flank flow unit which are considered to be 
distinct from Hesperia Planum [lo]. Wrinkle ridges in Hesperia Planum include high- and low-relief sinuous ridges 
(with superposed crenulated ridges) and ridge rings. Wrinkle ridges range i n  size from one to several kilometers 
wide and a few kilometers to a few hundred kilometers long. The high- and low-relief ridges in this part of Hesperia 
Planum appear to have two dominant trends, NW-SE and NE-SW [consistent with 8 and 91. 

Ridges and craters with diameters >5 km were mapped in the study area based upon analysis of MC-22 
NW, NE, SW, and SE quadrangles and individual Viking images. Crater and ridge relationships were analyzed. 
The following relationships were observed: 1) ridges that cut through crater rims and can be seen on crater floors; 2) 
ridges that have the same distinct rnorphologic properties both within and outside ejecta deposits; 3) ridges that 
appear to have diverted ejecta; 4) ridges that appear mantled by ejecta or have a more subdued morphology within 
ejecta; and 5) ridges bisected or truncated by a crater. These relationships can be used to provide age constraints on 
ridge formation relative to crater formation. Relationships 1 and 2 (Figure la)  suggest that the ridge is younger than 
the craterlejecta it interacts with, whereas relationships 3, 4 (Figure Ib), and 5 (Figure Ic) indicate that the ridge is 
older than the craterlejecta. 

Timing of Ridge Formation 

The existence of a significant number of ridges that appear to post-date cratering events suggests that 
deformation in Hesperia Planum was tem orall distinct from the emplacement of ridged plains materials. Crater P statistics for the study area (1,447,325 km ) indicate an age for Hesperia Planum consistent with earlier studies [12]; 
N(5) = 171 + 10.9 and N(16) = 28.3 f 4.4. By dividing the crater population into craters spatially interacting with 
ridges and craters not interacting with ridges, additional information is provided. For craters not interacting with 
ridges, N(5) = 110.6 k 8.7 and N(16) = 15.9 + 3.3, and for craters interacting with ridges N(5) = 60.8 f 6.5 and 
N(16) = 12.4 f 2.9. All ridges that interact with craters > 16 km in diameter appear to post-date crater formation. 
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Because the N(16) age for craters interacting with ridges is Early Hesperian, this is also consistent with deformation 
occurring subsequent to plains emplacement. The N(5) age for craters not interacting with ridges is Late Hesperian 
and may represent an upper bound on ridge formation. Further constraints on the timing and sequence of ridge 
formation will result from incorporation of data from all of Hesperia Planum and continued analysis of interactions 
between ridges and other geologic features. 

References: [ I ]  Chicarro, A.F., P.H. Schultz, and P. Masson. 1985, Icarus, 63, 153-174. [2] Strom, R.G., 1972, in 
The Moon, S. Runcorn and H. Urey, eds., 187-2 15. [3] Carr. M.H., 1973, JGR, 78, 4049-4062. [4] Plescia, J.B. 
and M.P. Golombek, 1986, Geol. Soc. Amer. Bull., 97, 1289-1299. [5] Watters, T.R. and T.A. Maxwell, 1983, 
Icarus, 56, 278-298. [6] Watters, T.R. and T.A. Maxwell, 1986, JGR, 9 1, 8 1 13-8 125. [7] Allemand, P. and P.G. 
Thomas, 1995, m, 100, 3251-3262. [8] Watters, T.R. and D.J. Chadwick, 1989, LPI Tech. Report 89-06, 68-70. 
[9] Porter, T.K., D.A. Crown, and R. Greeley, 199 1 ,  Lunar Planet. Sci. XXII, 1085- 1086. [ lo]  Greeley, R. and 
D.A. Crown, 1990, JGR, 95, 7133-7 149. [ l  11 Crown, D.A., K.H. Price, and R. Greeley, 1992, Icarus, 100, 1-25. 
[12] Greeley, R. and J.E. Guest, 1987, USGS Map I- 1802B. 

Figure 1. Craterlridge relationships observed in Hesperia 
Planum. a) The ridge to the left of the crater has the same 
distinct morphology within and outside the ejecta deposit 
indicating that the ridge is younger than the crater. Crater is 
16 km in diameter, located at 243' W, 28.5" S. b.) A ridge 
ring is mantled by ejecta indicating that the ridge is older than 
the crater. Crater is 14 km in diameter, located at 240.5" W, 
23.5" S. c) Two ridges are bisected by craters indicating that 
the ridges are older than the craters. Crater on the left is 6 krn 
in diameter, crater on the right is 8 km in diameter, image is 
centered at 247.5" W, 20.4" S. North is to the top in all 
images. All images from MC-22 SE. 
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