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The large Martian channels, especially Kasei, Ares, Tiu, Simud, and Mangala 
Valles, show morphologic features strikingly similar to those of the Channeled 
Scabland of eastern Washington, produced by the catastrophic breakout floods 
of Pleistocene Lake Missoula. Features in the overall pattern include the great 
size, regional anastomosis, and low ainuosity of the channels. Erosional features 
are streamlined hills, longitudinal grooves, inner channel cataracts, scour up- 
stream of flow obstacles, and perhaps marginal cataracts and butte and basin 
topography. Depositional features are bar complexes in expanding reaches and 
perhaps pendant bars and alcove bars. Scabland erosion takes place in exceedingly 
deep, swift floodwater acting on closely jointed bedrock as a hydrodynamic 
consequence of secondary flow phenomena, including various forms of macro- 
turbulent votices and flow separations. If the analogy to the Channeled Scabland 
is correct, floods involving water discharges of millions of cubic meters per second 
and peak flow velocities of tens of meters per second, but perhaps lasting no more 
than a few days, have occurred on Mars. 

INTRODUCTION 

The channel-like landforms on Mars 
revealed by the 1971 Mariner 9 Orbiter 
are diverse in character and presumably 
are equally diverse in origin. Those Martian 
channels that resemble the sinuous rilles 
of the Moon may have been produced by 
thermal incision of lava flows (Carr, 1974), 
the steep-headed valleys of the fretted 
terrain may have been produced by head- 
ward sapping by ground-ice decay (Sharp, 
1973) or artesian processes (Milton, 1973), 
and so on. This paper is concerned with a 
distinct class of Martian channels charac- 
terized generally by breadths of several 
kilometers or tens of kilometers, slightly 
sinuous courses, and locally anastomosing 
patterns. The largest are Ares, Tiu, and 
Simud Valles (Chryse Channels’) ; the best 

1 Martian topographic features were assigned 
names by the International Astronomical 
Union in late 1973. Earlier papers used informal 
names based on pre-Mariner areography. 
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high-resolution photographic coverage is of 
Mangala Vallis (Amazonis Channel) and 
Kasei Vallis (Lunae Palus Channel). These 
channels are of particular importance 
because they have been adduced as evi- 
dence for the former presence of liquid 
water on the Martian surface (McCauley 
et al., 1972; Milton, 1973; Sagan et al., 
1973), which has profound implications for 
Martian history. 

We believe that these channels were 
created by catastrophic floods. Compar- 
able floods occurred on Earth during the 
Pleistocene Epoch, as documented in the 
Channeled Scabland of eastern Washington 
produced by breakouts of ice-dammed 
Lake Missoula (Bretz, 1923, 1932, 1969; 
Baker, 1973, 1974), in the Snake River 
Plain of Idaho, flooded by the overflow 
of Lake Bonneville (Malde, 1968), and as 
are inferred in the scabland terrain of 
Wright Valley, Antarctica (Smith, 1965; 
Warren, 1965). Table I lists the charac- 
teristic features produced by these floods 
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with examples from the Channeled Scab- 
land and probable equivalents in the Mar- 

small features may (or may not) await 
recognition during future exploration of 

tian channels. Our identification on the Mars. 
Mariner photography is made with con- 
fidence for some features ; for less distinc- 
tive features, our identification is corre- 

EROSIONAL FORMS AND PROCESSES 

spondingly tentative. Finally, identifi- The catastrophic-flood hypothesis pro- 
cation of some critically diagnostic but posed for the Channeled Scabland by 

TABLE I 

CHARACTERISTIC EROSIONAL *ND DEPOSITIONAL, FEATURES 0~ SCXBL~D CA~NELP, AND P~OBAF~LE MARTIAN EQUIVALENTS AS 
INTERPRETED FROM MARINER 9 ORBITER IMAGERY 

Scabland examples Martian examples 

Feature Location’ Scale Location* Scale 

Overall Re&e: 
Large-scale bedrock channels Grand Coulee and 

requiring erosion to depths Chewy-Palouse 
of hundreds of meters 

Low sinuosity 

Scabland 

See Table II 

See Table II 

300 x 300km 

Smaller ones, 
0.5 x Zkm; larger 
3 x tlkm 

Spacing lOC-500m 

Bkm wide, 120m high 
80-250m 

2km wide, 250m high 

500 m wide, 10 km long 

Linear fractures. 1Okm 
long over au i&a 
25 x 20km 

Mangala Vallis, Kasei 
Vallis, Ares Valiis, 
Tiu Vallls and 
Simud Vallis 

Mangala Vallis, Kasei 
Vallis, Ares Vallis, 
Tiu Vallis and 
Simud Vallis 

Ares. Tiu and Simud 

See Table II 

Grand Coulee and 
Chewy-Palouse 
Scablsnd 

See Table II 

Regional anastomosis of 
bedrock channels 

Erosional Featurees: 
Streamlined Hills 

Entire Channeled 
Scabland 

1800 x 1200km 
va11es 

Chewy-Palouse 
Scabland 

Ares Vallis 
(10N, 17”W) 

Elysium Planitia 
(31”N, 229”W) 

Kasei Vallis 

Kasei Vallis 
Kasei Vallis (craten) 

1Okm in length 

5km in length 

Spacing about 5OOm- 
2km 

1&20km wide 
About Bkm 

Longitudinal Grooves 

Inner Channel Cataracts 
Erosionally exhumed 

circular structures 

Tributary alcoves to main 
channel (marginal 
cataracts) 

Scour upstream from flow 
obstacle 

Lenore Canyon and 
Hartline Basin 

Dry Falls 
Crab Creek Scabland 

near Odessa (sag- 
flowout structures1 

Grand Coulee Kasei Vallls? (middle 
reach) Mangala 
Vallls? 

Kasei Vallis 

5-10 km wide 

Dry Coulee and High 
Hill Antlcline (Park 
Lake 7.5’ Quad- 
rangle) 

Cheney-Palouse 
Scabland (Starbuck 
15’ Quadrangle) 

All scoured basalt 
channels 

4km wide, 1Okm long 

Etching of regional joint 
patterns 

Kasei Vallis Fractures lo-20 km 
long in au area 
approximately 
20 x 20km 

May be below the reso- 
lution capability of 
the Mariner imaging 
system 

Butte and basin topography Buttes 1OOm wide and 
30m high 

500km* 
4 km long, 1 km wide 

10 km long, 2 km wide 

Spacing, 30-130m; 
Height l-7m 

Mangala Vallls? 

Deposilimd. Features: 
Expansion bar complexes 
Pendant bars 

Quincy Basin 
Wilson Creek Area 

(Wilson Creek 15’ 
Quadrangle) 

Grand Coulee 

Mangala Vallis 
Ares Vallis? 

(l”N, 17”W) 

Perhaps Kasei Vallis 
(middle reach) but 
difficult to distin- 
guish from terraces 

lOOOkm* 
1Okm long, 2km wide 

Eddy bars 20 x 50km 

Giant current ripples Most scabland 
channels especially 
Chewy-Palouse 
Scabland tract 

Below the resolution capability of the Mariner 
imaging system. 

’ Named features are shown in Fig. 1, located by latitude and longitude in Table II, or found on the indicated U.S. Geological 
Survey topographic map. 

b Named Valles are located by latitude and longitude in Table II. 



EROSION ON MARS AND EARTH 29 

J Harlen Bretz (1923) initially found little 
favor and has won general acceptance 
only after 50yr of contention with a 
variety of hypotheses thought to be more 
in accord with uniformitarian principles. 
The principal objection to Bretz’ hypo- 
thesis was the lack of any evident source 
for the immense quantities of water re- 
quired, an objection not answered until 
the volume and rate of emptying the 
640-m-deep ice-dammed Lake Missoula 
were shown to be adequate (Pardee, 1942). 
The hypothesis of the occurrence of floods 
on Mars is likewise based on morphologic 
evidence, and its acceptability should not 
depend on that of specific hypotheses for 
the cause of floods (Milton, 1974). It is 
interesting that some of the alternative 
explanations for scabland features have 
reappeared in the brief history of discussion 
of Martian channels: incision of alcoves 

120° Il9O 

by spring sapping (Snake River Plain- 
Stearns, 1936, reinterpreted by Malde, 
1968, as subfluvial cataracts; Mars&Sharp, 
1973; Milton, 1973); salt weathering and 
eolian removal of debris (Wright Valley- 
Selby and Wilson, 1971; Mars-Malin, 
1973); erosion during drainage of a lake 
(Channeled Scabland-Allison, 1933 ; Man- 
gala Vallis-Milton, 1973) ; lava channels 
(Channeled Scabland-W. C. Alden in 1927 
as recounted by Bretz, Smith, and Neff, 
1956; Mars-Carr, 1974). 

The Channeled Scabland region (Fig. 1) 
coincides with the part of the Columbia 
Plateau that was subjected to periodic 
catastrophic flooding during the late 
Pleistocene. Bretz (1923) introduced the 
term “scabland” to refer to the chaotically 
eroded tracts of bare basalt that occupy 
the floors of channels cut through the thick 
loess cover of the plateau. These channels 

118O 

48’ 

120° 119O 118’ 

48O 

FIG. 1. Map of the Channeled Scabland in eastern Washington showing the distribution of channels 
and the remaining loess cover. 
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are remarkably conspicuous, even when 
viewed from orbital altitudes (Fig. 2). 

A variety of features serve as high-water 
marks of the last major scabland flood, 
now thought to have occurred about 
18 OOOyr ago, and allow reconstruction 
of high-water surfaces and flow depths. 
Combining these with the channel geo- 
metry, Baker (1973) utilized hydraulic 
engineering procedures to calculate dis- 
charges and mean flow velocities. Addi- 
tional paleohydraulic information is pro- 
vided by the numerous giant current 
ripples that occur throughout the region. 
From such evidence it was shown that 
discharges as great as 21.3 x 106m3/sec 
were conveyed through the Channeled 
Scabland. Because this discharge was 
sustained by 2.0 x 10’Zm3 of lake volume, 
flooding at the peak rate would have 
persisted less than a day. Even with gradu- 
ally waning flows, flooding probably lasted 
only a week or two. Most of the erosion, 
however, probably occurred in the day or 

two of sustained high discharge. The amaz- 
ingly rapid outflow of Lake Missoula is 
in accord with what is known of historical 
glacial breakout floods (Clague and 
Mathews, 1973). Water flowed lOO-200m 
deep down the steep regional dip slope 
of the Columbia Plateau (6-8m/km) so 
that preflood valleys were reduced to 
mere channel-bottom roughness elements. 
Accordingly, the erosive process in the 
Scabland was subfluvial channel scour. 
Subfluvial erosion has been documented 
experimentally and field examples suggest 
that the process may be much more im- 
portant than formerly believed (Schumm 
and Shepherd, 1973). It was remarkably 
effective in the Scabland ; during the brief 
duration of the flood, channels were in- 
cised in bedrock as deep as 200m. The 
Scabland channels differ fundamentally 
from normal valleys of comparable size 
that are the product of many thousands 
of years of valley incision. Although rare 
narrow gorges have been cut almost 

TABLE II 

COMPARATIVE GEOMETRY OF SELECTED MARTIAN CHANNELS WITH MISSOULA FLOOD CHANNELS ON 
THE COLUMBIA PLATEAU, EASTERN WASHINGTON. VALUES ARE ONLY APPROXIMATE, BUT THEY 

ALLOW A RELATIVE COMPARISON OF THE TWO REGIONS 

Regional name 

Kasei Vallis 
(northern channel) 

Kasei Vallis 
(southern channel) 

Mangala Vallis 
Ares Vallis 

Grand Coulee 
Upper Coulee 
Hartline Basin 

Cheney-Palouse 
Scabland Tract 

Lamont 
Benge 

Upper Crab Creek 

Channel Channel Channel 
Approximate location width“ length depth 
Latitude Longitude (km) (km) (m) Sinuosity* 

26”N 65”W 10 450 

22”N 66OW 
6”s 151”W 
5”N 2O”W 

47” 50’N 119” 8’W 
47” 35’N 119” 2O’W 

47’ 12’N 117” 53’W 
46” 53’N 118” 5’W 
47” 20’N 118” 3O’W 

20 600 
6 350 

40 1500 

80 
8 

20 

120 
15 
40 

6 100 

Indeterminate 1.15 

2500 1.06 
Indeterminate 1.05 
Indeterminate 1.04 

250 1.07 

100 1.05 

100 1.01 

a Individual channel width at the approximate location rather than total width of a channel com- 
plex. 

* Calculated as the length of the channel center line divided by length of a straight line joining the 
end points of the measured reach. 
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wholly by fluvial action, normally in 
river valleys material is transported to the 
valley bottom by slope processes and then 
removed by the river, especially during 
floods. For example, the Grand Canyon 
of Arizona is a valley in which the channel 
of the Colorado River now (or at any point 
in past time) occupies only a small frac- 
tion. A subfluvially scoured channel, 
unlike a river valley, can have locally 
reversed gradients and closed depressions, 
since it is only necessary that the upper 
surface of water have a continuously 
downward gradient from head to mouth. 

The mechanical aspects of devastating 
floods are poorly understood (Scheidegger, 
1973). Nevertheless, the distinctive scab- 
land erosional forms seem to be a hydro- 
dynamic consequence of exceedingly swift, 
deep flood water acting on closely jointed 
bedrock (Baker, 1974). Scour was most 
pronounced in the constricted reaches of 
the western Scabland, where flow depths of 
60%120m and water surface gradients of 
12 m/km indicate peak flood flow velocities 
as high as 30 m/set. Under these conditions, 
secondary flow phenomena, including vari- 
ous forms of vortices and flow separations 
termed “macroturbulence” (Matthes, 
1947), produced intense pressure and 
velocity gradients that plucked fragments 
of columnar basalt from the irregular 
channel boundaries. The plucking of the 
columnar colonnade and the undermining 
of the more resistant massive entabulature 
of the basalt flows produced butte and 
basin topography as the characteristic 
channel-bed scour feature. 

CHANNELS ON MARS 

The Martian channels are larger than 
their terrestrial counterparts (Table II). 
The evidence for catastrophic floods is 
not sufficient to indicate whether they 
excavated the Martian channels (corre- 
sponding to the Missoula flood and the 
major Scabland channels) or only modified 
preexisting valleys (corresponding to the 
Bonneville flood and the Snake River 
Plain). Analytic photogrammetry 
(Blasius, 1973) is possible in a small seg- 
ment of Kasei Vallis for which stereoscopic 

FI 
sine1 
strut 

and 
cata: 
Dow 
pies 
posit 
fram 
may 

G. 3. Mangala Vallis. The almost straight 
.e channel in middle section appears to be 
:turally controlled. Small features on the ad- 
zt plain suggest butte and basin topography 
notches in the bank may be marginal 

racts, which would indicate overbank flow. 
nstream, an expansion bar complex occu- 
the widened reach of the channel. Com- 
;e of Mariner 9 wide- and narrow-angle 
Les. Narrow-angle frames in a larger format 
be seen in Schumm ( 1974). 
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coverage is available. Approximate height 
measurements (kindly furnished by K. R. 
Blasius) indicate a total relief of more than 
5km (Fig. 5). The upper 2 km is occupied 
by a scalloped cliff that shows no sign of 
fluvial erosion and may be part of an older 
va,lley wall preserved above the high-water 
mark. Mangala Vallis (Fig. 3) and Ares 
Vallis, on the other hand, show evidence 
of overbank flow. If the downcutting 
occurred during a flood or floods, it is not 
necessary that the water depth ever 
equalled the difference in elevation of the 
high water mark and the low point of the 
channel floor. Nevertheless, the width and 
depth of the apparently flooded sections 
of the Martian channels are enormous. 

The general pattern on both Earth and 
Mars is one of large channels eroded in 
bedrock, forming a regionally anastomos- 
ing complex with individual channels 
that have a low sinuosity (Table II). 
Normal rivers transporting a fine-grained 
load usually have a single meandering 
channel with a sinuosity greater than 1.5. 
This pattern represents an adjustment of a 
graded longitudinal profile over a period of 
years to continuous transport of water and 

sediment (Mackin, 1948). Catastrophic 
flood channels, in contrast, follow establ 
lished preflood topography. Anastomosis 
occurs in the Channeled Scabland because 
preflood valleys did not have the capacity 
to convey the Missoula flood discharges 
without spilling over preflood divides into 
adjacent valleys. This would be expected 
wherever preflood topography is region- 
ally smooth, as on Mars in the complex of 
channels of which Mangala Vallis is the 
largest. Individual channels may be con- 
trolled by relatively straight geologic 
structures, such as High Hill anticline in 
the Channeled Scabland or the fault scarp 
that may bound the west side of the middle 
reach of Mangala Vallis (Fig. 3) (Milton, 
1973). Aside from this, the,high shear stress 
gradient that occurs on the inside of me- 
ander curves in extreme floods may lead 
to channel straightening and partly ac- 
count for the relatively straight character 
of scabland channels. 

Erosional features of catastrophic floods 
vary greatly with the nature of the mat- 
erial eroded. Lithologies on Mars can only 
be inferred from the topography. In 
Kasei Vallis there appears to be a resistant 

300 

250 

FIQ. 4. Kasei Vallis (bottom) and unnamed channel (top), apparently formed or modified by 
flowing from west to east. Part of U.S. Geological Survey rectified mosaic of quadrangle 1 
prepared from Mariner 9 wide-angle frames. Scale 1: 1 000 000. 

floods 
ilc-10, 
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FIG. 5. Part of lower Kasei Vallis near 62”W, 25”N, with landforms indicating catastrophic 
flood erosion. Features discussed in the text include : (A) streamlined hill ; (B) a horseshoe cataract 
that has worked around the head of the hill; (C) a complex of horseshoe cataracts; (D) a crater 
apparently controlling the site of a lower cataract ; (E) a partly exhumed crater; and (F) stratification 
in a talus-free section of cliff. Spot elevations (in km from an arbitrary datum) are subject to individual 
errors of kO.3km and an error in overall tilt of the model of k1.5”. Light streaks originating at some 
craters and promontories indicate recent winds blowing westward. Rectified mosaic of Mariner 9 
narrow-angle frame 10277404,10277474,12866133, and 12866203. 
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basal unit overlain by a weaker bedded 
unit (note stratification in the cliff at F, 
Fig. 5). This is capped by a thinner re- 
sistant unit, probably basalt from the 
evidence of structural features in nearby 
areas that resemble those of the lunar 
maria. 

The characteristic landform of the loess 
eroded by the Missoula flood is the stream- 
lined hill with a blunt rounded upstream 
prow and a pointed downstream end, 
eroded as islands or entirely subfluvially 
to a form offering minimum resistance 
to rapidly flowing water (Fig. 6). Stream- 
lined hills are found in several Martian 
channels, but it is not always possible to 
determine whether they are eroded country 
material or bars of sediment deposited 
in the channel. A large streamlined hill 
in the mouth of Kasei Vallis (Figs. 4, 5) 
is clearly eroded bedrock since transverse 

lineaments exposed on the channel floor 
and on the adjacent plateaus also extend 
across the hill. The material composing 
the hill appears to correspond to the bedded 
unit in the island to the west. 

Characteristic forms of erosion in basalt 
in the Channeled Scabland are longitudinal 
grooves, subfluvial cataracts, and butte 
and basin topography. Grooves (Fig. 7) 
were apparently produced by powerful 
roller vortices (also called secondary cir- 
culation cells) that develop with their 
filaments parallel to the flow direction. 
Allen (197 1) described the morphologic 
effects of these vortices from laboratory 
flume experiments and noted (Allen, 1970) 
that the very regular spacing of longitudi- 
nal vortices is a function of velocity and 
depth of flow. Flume studies in simulated 
bedrock (Shepherd, 1972; Shepherd and 
Schumm, 1974) indicate that longitudinal 

FIG. 6. Loess hill near Macall, Washington streamlined by flood erosion. A small cataract, heading 
an inner channel, has worked its way around the blunt upstream end of the hill (on map). Longi- 
tudinal grooves and butte-and-basin topography can be seen in the marginal scablands. Water depths 
and velocities averaged 12m/sec for depths of 30-40m in this area during the flood maximum. Map 
contour interval is loft (-3m). 
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FIG. 7. Longitudinal grooves and butte-and-basin topography on a basalt scabland surface east of 
Jasper Canyon in the Lower Grand Coulee. Small mounds of eolian silt in the swales emphasize the 
linear pattern. A horseshoe-shaped inner channel cataract is at left. 

grooves develop early and are eventually 
replaced by a deep inner channel headed by 
a nickpoint that migrates upstream. The 
scabland form corresponding to the latter 
is the abandoned cataract, largest of which 
is Dry Falls in Grand Coulee (Fig. 8). 
These developed subfluvially rather than 
by the plunge pool undercutting classic- 
ally illustrated by Niagara Falls. 

Grooves on a giant scale and dry catar- 
acts are excellently developed in Kasei 
Vallis. Conformity of the grooves to the 
general channel geometry, their deflection 
around the streamlined hill, their absence 
in the lee of the high island, and their 
relation to the cataracts indicate that they 
are fluvial features rather than the super- 
ficially similar wind-etched joints that 
occur on Mars. Linear features in the same 
area clearly related to regional structural 
patterns rather than to the channel 
geometry could have been etched by either 
fluvial or eolian action, although their 
large size suggests the former. Dry catar- 
acts in Kasei Vallis have the same scalloped 
rims composed of horseshoe-shaped seg- 

ments as those in Grand Coulee (Fig. 
~8.2). An upper horseshoe cataract (Fig. 
5B) appears to have worked around the 
head of the streamlined hill to a point at 
which it would have been opposed to the 
general tlow direction. Analogous situations 
are found in the Scabland, for example, 
at Dry Coulee around High Hill anticline 
or, on a smaller scale, the unnamed coulee 
around the streamlined loess hill (Fig. 6). 

Butte and basin topography in the 
Channeled Scabland is a product parti- 
cularly of the plucking of columnar basalt 
to form potholes and basins. Butte and 
basin topography cannot be identified 
with certainty in the Mariner photographs. 
Typical scabland buttes and basins are of 
a size that would be near B-frame resolu- 
tion, although one might expect them, like 
the longitudinal grooves, to be larger on 
Mars. Nevertheless, some irregular Martian 
terrain may be analogous, for example on 
the marginal channels of Mangala Vallis 
(Fig. 3). The ability of deep, high-velocity 
flow of catastrophic floods to lift debris 
from channel floors and hence form basins 
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FIG. 8. Dry Falls cataract, 120m high, with upper Grand Coulee in background. Longitud 
oves are visible just upstream from the cataract. 

linal 

may be evinced in some closed depressions 
on the floor of Martian channels. The 
larger craters in Kasei Vallis appear to 
predate the channel cutting and to have 
been buried and exhumed (note the large 
crater only partly emergent from beneath 
the high island (Fig. 5E) and the crater that 
appears to have controlled the outline of 
the inner channel (Fig. 5D). Although it is 
evident that material has been moved out 
of many closed depressions elsewhere on 
Mars where no traces of floods are seen, 
these craters may have been scoured out 
by floodwaters. An intriguingly similar 
landform in the Channeled Scablands 
is produced by the sag flowouts of the 
Columbia River Basalt (McKee and 
Stradling, 1970). Although their structural 
origin is very different from a crater, they 
owe their morphologic expression to 
stripping of overlaying basalt flows by 
Missoula flooding (Fig. 9). 

Tributary alcoves to the main Scabland 

channels were produced by headward 
erosion of marginal cataracts (Bretz, 
1932). Such an origin is possible for alcoves 
in the middle reach of Kasei Vallis (Fig. 
4), but this would imply an overbank flow 
on the adjacent plateau that is not other- 
wise indicated. More probable examples are 
found in Mangala Vallis (Fig. 3) where 
erosional features on the adjacent plateau 
indicate overbank flooding. 

DEPOSITIONAL FEATURES 

In environments where the velocity of 
flow is lowered, bedload is deposited to 
form subfluvial bars. Expansion bars 
form downstream from constrictions, as in 
Quincy Basin downstream from the lower 
Grand Coulee. The bar complex occupies 
500km* and is composed of streamlined 
bar forms truncated by scour channels 
(Fig. 10). The basin fill has 60m of relief 
and includes channels with reverse down- 
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FIG. 9 Sag flowout structures near Karakul Hills in the Cheney-Palouse scabland t 
The ringlike forms are dikes that formed when lava escaped through tension joints surrour 
sags on the cooled flow crust. Hydraulic plucking by the Missoula floods caused the rings to s 
in relief, exhumed from overlying flat layers of basalt>. 

,ract. 
lding 
Itand 

FIG. 10. View south (downstream) of a part of the Quincy Basin expansion bar corn1 
Moses Lake (left) occupies one of several sinuous channels that truncate the streamlined 1 
Compare to Mangala Vallis (Fig. 3). (Photograph by David A Rahm.) 

3lex. 
3ars. 
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stream gradients and many closed de- 
pressions. Bretz and others (1956) inter- 
preted the bar complex as a gravel fill 
of one flood incised by several later floods. 
Baker (1973) reinterpreted it as mainly 
the product of a single flood with deposition 
at peak flow and incision during the waning 
stages. An important factor in the develop- 
ment of the Quincy Basin bar complex is 
the presence of flow constrictions both 
upstream and downstream. The upper 
constriction allowed an influx of high- 
velocity water carrying much sediment 
while the lower constriction provided 
hydraulic damming of the basin during the 
rising phase of the flood. Deposition oc- 
curred as the flood-wave filled the basin. 
Subsequently, the network of scour 
channels developed as the basin drained, 
probably while the inflow decreased. 

Forms very similar to those of the Quincy 
Basin are found on Mars in Mangala Vallis 
in the reach where it widens to 30km 
between 5-km narrows up- and down- 
stream. Channels truncate and cut what 
appear to have once been streamlined bar 
forms as much as 1Okm long. The channels 
do not all grade uniformly downstream 
but some appear to rise in a downstream 
direction or contain closed depressions. 
Although one of us has compared this 
reach to a braided section of an aggrading 
terrestrial river (Milton, I973), we now 
believe that an expansion bar complex 
provides a more satisfactory terrestrial 
analog. This accords with the location only 
in the wide reach rather than along the 
entire course, as would be expected if it 
was formed by an aggrading river, and the 
overall appearance of an erosional as 
much as depositional pattern. 

Pendant bars, longitudinal bars, and 
eddy bars form in terrestrial flood channels 
downstream from bedrock projections, 
on the margins of channels, and in alcoves 
or in the mouths of tributary valleys, 
respectively. In the Mariner photograph it 
is difficult to distinguish these from stream- 
lined hills or terraces eroded from bedrock, 
but some of the midchannel features of 
Ares Vallis may be pendant bars and the 
features occupying broad reentrants on 
the margin of middle Kasei Vallis (Fig. 4) 

and particularly in the constricted reach 
of Mangala Vallis (Fig. 3) may be eddy 
bars. 

Trains of giant current ripples were not 
discovered until late in the investigation 
of the Scabland but have become generally 
accepted as the clearest proof of the cata- 
strophic flood hypothesis. In form and 
spacing they resemble transverse sand 
dunes (and were so interpreted when 
first noted on aerial photographs), but 
they contain foreset bedded basalt frag- 
ments as large as 1.5 m. Their chords range 
from 20 to 130m and their heights from 
0.5m to 7m. This is below the resolution 
of the Mariner or Viking orbital imaging 
systems. A prime Viking landing site, 
near the mouths of Ares and Tiu Valles, 
could well be in a giant-ripple terrain, 
however. Although ripple trains in the 
Scabland are far less conspicuous from a 
fixed viewpoint on the ground than from 
the air, the possibility of their presence 
should be kept in mind during interpret- 
ation of the landscape viewed by the tele- 
vision camera on the Viking Lander. 

CoNCLUsIoNs 

Many of the individual features described 
in this paper could reasonably be explained 
by alternative hypotheses. For example, 
eolian phenomena in extremely arid 
deserts produce remarkably streamlined 
erosional forms and lineations. Again, 
some of the broader features of the channel 
systems might be taken to indicate fluvial 
action without extreme flooding. But the 
hypothesis of catastrophic flooding ap- 
pears uniquely able to account for the 
entire assemblage of features in the major 
channels of Mars. Several points should be 
significant in seeking a cause for the floods. 

1. Flooding was a local phenomenon. 
The water was concentrated in a small 
number of discrete channels generally 
flowing northward from the equatorial 
cratered terrain to the lower plains. 

2. Vast quantities of water were supplied 
so rapidly as to provide peak discharges 
of millions of cubic meters per second.. 
Even the dense terrestrial atmosphere 
cannot provide water fast enough to yield 
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such discharges from comparable-sized 
catchment areas. On Earth, only dam 
bursts or subglacial volcanic eruptions 
have yielded flows capable of significant 
macroturbulent erosion. 

3. Water need only have persisted 
briefly on the Martian surface. Macro- 
turbulent scour by Missoula floods was 
accomplished in a matter of at most a 
day or two. 

4. When the flooding occurred, whether 
it was coeval in the separate channels, 
and whether in individual channels it was 
a single or a repeated event, are questions 
still to be answered. 

Normal continuous processes of erosion 
and deposition act with so much greater 
intensity on Earth than on Mars that 
traces of catastrophes are soon erased. 
The Channeled Scabland of the Columbia 
Plateau preserves the record of events 
perhaps rare in the history of the Earth. 
The dominant geomorphic processes oper- 
ating in this area throughout the Pleisto- 
cene have been catastrophic floods and 
episodic eolian activity (loess deposition) 
in a region of arid climate and basalt bed- 
rock. Perhaps no terrestrial landscape 
finds a closer analogue on Mars than this. 
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