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Formation of Box Canyon, Idaho, by
Megaflood: Implications for Seepage
Erosion on Earth and Mars
Michael P. Lamb,* William E. Dietrich, Sarah M. Aciego, Donald J. DePaolo, Michael Manga

Amphitheater-headed canyons have been used as diagnostic indicators of erosion by groundwater
seepage, which has important implications for landscape evolution on Earth and astrobiology on Mars. Of
perhaps any canyon studied, Box Canyon, Idaho, most strongly meets the proposed morphologic criteria
for groundwater sapping because it is incised into a basaltic plain with no drainage network upstream,
and approximately 10 cubic meters per second of seepage emanates from its vertical headwall. However,
sediment transport constraints, 4He and 14C dates, plunge pools, and scoured rock indicate that a
megaflood (greater than 220 cubic meters per second) carved the canyon about 45,000 years ago. These
results add to a growing recognition of Quaternary catastrophic flooding in the American northwest, and
may imply that similar features on Mars also formed by floods rather than seepage erosion.

Acentral thrust in geomorphology and
planetary science is to link diagnostic
landscape morphologies to formation

processes. A prominent example is the formation
of amphitheater-headed canyons, in which the
stubby appearance of valley heads, steep head-
walls, and little landscape dissection upstream
have long been interpreted to result from seepage
erosion or groundwater sapping on Earth (1–4),
Mars (5, 6), and now Titan (7). Theory (8), ex-

periments (9), and field studies (10) have vali-
dated this hypothesis in unconsolidated sand,
showing that valley heads are undermined and
propagate upstream from seepage-induced ero-
sion. This means that valleys can grow without
precipitation-fed overland flow, which has pro-
found implications for landscape evolution on
Earth and the hydrologic cycle and habitability of
Mars.

Despite widespread acceptance of the seepage-
erosion hypothesis and its validation in sand, we
lack an unambiguous example of an amphitheater-
headed canyon formed by seepage erosion in
bedrock because of overlapping features gener-
ated by rainfall runoff at most sites on Earth (11).

Even the amphitheater-headed valleys of the
Colorado Plateau and Hawaii, which are most
often cited as classic examples of groundwater
sapping in bedrock (2, 3), have been in question
because of evidence for flash floods and plunge-
pool erosion (11–13). To better evaluate the
seepage-erosion hypothesis, we set out to study
the erosion and transport processes within a
bedrock canyon, Box Canyon, Idaho, USA,
which has a steep amphitheater-shaped headwall,
contains the 11th-largest spring in the United
States, and lacks the landscape dissection and
rainfall runoff upstream of its headwall that has
made other sites controversial (Fig. 1A). More-
over, Box Canyon exhibits remarkable similarity
in morphology and possibly lithology (basalt)
with many Martian canyons (Fig. 1B) that have
been attributed to seepage erosion (5, 6).

Box Canyon is located within the Snake
River Plain, a broad and relatively flat basin in
southern Idaho filled by sediments and volcanic
flows that erupted over the course of ~15 million
to 2 thousand years ago (ka) (14). Several
tributaries of the Snake River Canyon appear as
stubby valleys that end abruptly in amphitheater
heads, including Malad Gorge, Blind Canyon,
and Box Canyon (Fig. 2), all of which have been
attributed to seepage erosion (1, 4). Box Canyon
is cut into the Sand Springs Basalt [also named
the Basalt of Rocky Butte (15); see supporting
online material (SOM) text] with an Ar-Ar
eruption age of 95 ± 10 ka (16) and U-Th/He
eruption ages that range from 86 +12 ka to 130 ±
12 ka (17), and this basalt filled an ancestral
canyon of the Snake River (18).

Fig. 5. Plot of titanium dioxide
and silica contents for APXS mea-
surements acquired since arriving
at Home Plate and including ob-
servations from the Eastern Valley,
Low Ridge, Mitcheltree Ridge, and
the Tyrone areas. Red squares,
silica-rich rocks; red circles, silica-
rich soils; blue squares, basaltic rocks
in the vicinity of Home Plate; and
green triangle, typical local soil. The
light blue region represents the
compositions that can be obtained
by acid-sulfate leaching of Home
Plate rocks, assuming no variation
in the TiO2/SiO2 ratio. KC, Kenosha
Comets; LG, Lefty Ganote; FS, Fuzzy Smith; EM, Elizabeth Mahon; NW, NancyWarren; ED, Eileen Dean; Iby,
Innocent Bystander; and GQ, Good Question. The dashed line represents a typical evolutionary trend for
leaching that preserves SiO2 and TiO2, and the blue oval indicates the range of basaltic rock compositions
in the vicinity of Home Plate.
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