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GEOLOGIC HISTORY. Our investigation of the Chryse Planitia region of Mars is based on 
current geologic/geomorphologic mapping of the region on a 1 :5,000,000-scale shaded relief base [I]. 
The map area includes the circum-Chryse outflow channels and valleys and associated chaotic and 
fretted terrains as well as basin deposits in Chryse and southern Acidalia Planitiae. Here we summarize 
the geologic history of the region based on geomorphology, topography, stratigraphic relations, crater 
counts [2,3,4], fluvial relations, and previous work [e.g., 51. 

EarlylMiddle Noachian. Huge basins (e.g., Chryse) and rugged terrains produced by intense 
impact cratering. Degraded crater rims and dissection of some highland rocks by dendriiic valleys 
suggest ground-water sapping or precipitation. Volcanism widespread in highland rocks and tectonism 
in and near Tempe Terra associated with early Tharsis activity. 

Late Noachian. Local volcanism forms smooth intercrater plains of Xanthe and Arabia Terrae. 
Downwarping of the northern plains (including Borealis and Chryse basins) [6,7] forms a hydraulic 
gradient from the highlands to the lowlands that possibly results in (1) sapping, which forms knobby and 
fretted terrain, and (2) catastrophic flooding, which carves Mawrth Vallis. 

Early Hesperian. Broad, fissure-fed lava flows blanket Lunae Planum and are soon compressed 
by Tharsis stresses, resulting in north-trending wrinkle ridges. Lowering of northern plains continues, 
perhaps resulting in sapping that forms Nanedi and Bahram Valles. Deposits from such activity mantle 
low plains, including those in knobby terrain. 

Late Hesperian. Early Kasei Valles channeling is result of ground-water sapping and outbreak 
along Sacra Fossae [8,9]. Intense volcanism at Tharsis and "marsquakes" originating at Valles Marineris 
cause outbreak of huge volumes of ground water, leaving behind large chasmas and tracts of chaos and 
dissecting Kasei, Ares, Tiu, and Simud Valles [lo]. FluviaVglacial processes transport sediments into 
Chryse and southern Acidalia. Extensive sapping and mass wasting breaks up plateaus bordering Kasei 
Valles. Layered deposits form in Valles Marineris, possibly resulting from volcanic activity and 
sedimentation. Maja Valles form at this time or in the Early Amazonian. 

Amazonian. Extensive lava flows erupt from Tharsis, but tectonism declines. Troughs (Sacra 
Fossae) and outflow channels (Shalbatana Vallis and parts of Kasei Valles) bounded by high scarps are 
partly filled by mass-wasting products and eolian reworking and deposition. Interior deposits of Valles 
Marineris deflated by wind, which exhumes older surfaces [ I  01. Landslides and alluvium (bajadas and 
debris aprons) form in outflow channels and chasrnas with steep scarps. 

SCENARIOS FOR BODIES OF WATER IN THE NORTHERN PLAINS. A major issue 
concerning Martian floods is the extent to which they may have formed large standing bodies of water in 
the northern plains [ I  I]. The Chryse Planitia region contains by far the largest system of outflow 
channels on Mars. By combining channel relative ages [3] with estimates of flood volumes, inferences 
can be made of possible volumes and areal extents of standing bodies of water that collected in the 
northern lowland plains. 

As indicated above, a major Late Hesperian (and possibly Early Amazonian) channeling episode 
(spanning 1.2 to 2.4 b.y. [ I  21) carved Kasei, Maja, Shalbatana, and Ares-Tiu-Simud Valles. We 
investigated the possible formation of lakes resulting from estimated discharges based on two scenarios 
for Chryse channel activrty: singular channel events or concurrent multiple channel events. 

Estimates for the volumes of water released through each channel system (Table 1) are based on 
the volumes of eroded rock [13] and a sediment load of 40% [14]. These estimates may be high if the 
missing material was removed by debris flows [ I  51, and low if the sediment load was less. Topographic 
data [I61 indicate three possible basins in which the water and sediment could have ponded (Table 2). 
At the mouths of the major outflow channels, where erosional features are not present and wrinkle 
ridges are subdued, the proximal Chryse basin (PCB) forms the smallest basin (centered at - lat 23O N., 
long 43O). The extended Chryse basin (ECB), approximately delineated by the -2 km contour line [16], 
consists of Chryse and Acidalia Planitiae. The northern plains basin (NPB) is the region below datum 
and north of the highland/lowland boundary scarp, covering an area ranging in size from that of the 
extended Chryse basin to as much as 26% of the planet. The sizes of the three basins, however, must 
be viewed with suspicion given the 1 - to 1.5- km precision of the topography [16]. 

Discharges of smaller floods, such as that of Maja Valles, would have been entirely contained within 
the PCB (Table 3). Larger singular floods and multiple floods would have filled and overflowed the PCB. 
We infer that such spillover water carved the longitudinal grooves and streamlined features north of the 

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



1 1 7 6  LPSC XXIII 

CHRYSE MAPPING RESULTS; Rotto S.L. and Tanaka K.L. 

PCB, which are traceable into Acidalia Planitia as far north as lat 40° N. (Possible evidence for flooding 
farther north is provided by polygonal terrain and other periglacial features.) Note that even the largest 
flood volumes could have been contained in the ECB, which covers -15% of the northern plains. 

Atthough we cannot entirely rule out the possibility that an extensive "Oceanis Borealis" (equivalent 
to a full NPB) [ I  11 was produced by Chryse flooding, we think that it is highly unlikely, for the following 
reasons: (1) the water sources were confined to the Chryse region, which would have required the 
equivalent drainage of at least several hundred meters of water from the entire Chryse region; (2) wide 
ranges in crater ages of channel floors and basin materials restrict the "peak" episode of channel activity 
to no less than 1 b.y; therefore, it is possible if not probable that individual flood events (or multiple 
events for some channel systems) were widely separated in time [e.g., 81, which would provide 
opportunities for recharge of highland aquifers; (3) flood-volume estimates based on missing rock 
volumes may be too high due to post-flood modifications such as mass wasting and erosion [17]; and (4) 
much of the discharged water may not have ponded in basins due to evaporation during transport, 
entrainment into basin sediments, and seepage into underlying rocks. The only other major 
contributors to flooding in the northern plains were Mangala Valles and the Elysium channels, whose 
deposits are localized within the northern plains. The channel ages, the estimates of flood volumes, 
and the distribution of fluvial and periglacial landforms in the lowland deposits indicate to us that many 
short-lived bodies of water confined within Chryse and Acidalia Planitiae (rather than a northern plains- 
filling ocean) were produced by the floods from the Chryse channels. 

Table 1. Water discharges estimated for Chryse channel systems [based on 11,12; after 
31 - 
Feature volume (1 06 larrT) 
Kasei VaHes (includes Echus Chasma) 1.36 
Ares-Tiu-Simud Valles (includes associated chaos and chasmata) 3.36 
Maja Valles (includes Jwentae Chasma) 0.1 1 
Shalbatana Vallis W 
Total 4 . 9 0  

Table 2. ' Dimensions of possible basins for Chryse discharges [after 31 
Average depth (h) Area (1 o6 k d )  V d m  (106km3) 

Proximal Chryse basin 1 0.27 0.27 
Extended Chryse basin 1 5.32 5.32 
Northern plains (data from [8]) <1.7 <38.00 <65.00 

Table 3. Possible Chryse flood events and resulting lakes [after 31 
Flood event Probable extent and depth of lake 
Maia Valles Fills ~roximal Chrvse basin -400 m 
~ a s e i  Valles 
Ares-Tiu-Simud Valles 
All channels at once 

Fills kxtended ~ 6 r y s e  basin -250 m 
Fills extended Chryse basin -630 m 
Fills extended Chryse basin -920 m 
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