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the paleocanyon representing  a trunk stream 
for the distribution of sediment in Grand Wash 
Trough, mainly by infrequent rock-avalanche 
and debris-fl ow events (Lucchitta, 1966, 1979).

Detailed mapping of the paleocanyon walls 
indicates that it probably had a NE trend as it 
was being fi lled, and that the unconformity at 
the base of the fi ll overlaps normal faults within 
the Paleozoic section (Wallace et al., 2005). At 
the southern end of the paleocanyon, in an iso-
lated fault block just west of the main ridge, a 
pre–Muddy Creek, Paleozoic-clast conglom-
erate unit and overlying ash deposits dated at 
15.3 ± 0.1 Ma were mapped by Wallace et al. 
(2005) as resting nonconformably on Proterozoic 
basement, with two measured dips in the unit 
both at 33°E (Fig. 12A). Attitudes measured in a 
transect through the Paleozoic section of the main 
ridge immediately to the east by Wallace et al. 
(2005) are (from W to E, going up section) 24°, 
41°, 24°, 21°, 41°, 47°, and 73° (mean = 35°), 
and so, on average, particularly in the Lower 
Paleo zoic units closest to the fault block, the con-
glomerate appears to have been deposited prior 
to most of the tilting of the ridge, and is older 
than the more gently dipping bulk of the canyon 
fi ll unit, which to the north contains an ash bed 
dated at 10.94 ± 0.03 Ma (Wallace et al., 2005).

Wallace et al. (2005) entertained two hy-
potheses for the origin of the paleocanyon. In 
the fi rst, it is analogous to one of the Paleogene 
canyons preserved on the Hualapai Plateau, and 
was later fi lled with Neogene rather than Paleo-
gene detritus. In the second, the canyon was 
not carved until Neogene time, in response to 
the formation of Grand Wash Trough and the 
tilting of fault blocks. They preferred the sec-
ond hypothesis, on the basis that the ancient fi ll 
along the canyon wall truncates Miocene nor-
mal faults. However, the observation that pre- or 
early tilt gravel lies unconformably on Protero-
zoic basement in the vicinity of the canyon fa-
vors the existence of a deeply incised canyon 
prior to extensional tectonism.

I propose that the Wheeler Ridge paleocan-
yon is a tilted fragment of Grand Canyon. This 
hypothesis is a composite of the two hypotheses 
suggested by Wallace et al. (2005), wherein the 
steep walls of Grand Canyon, originally formed 
in Late Cretaceous time, were rotated eastward 
during rifting as a part of the Wheeler Ridge 
block, except that the canyon had westward 
paleo fl ow immediately prior to rifting rather 
than eastward, and hence was originally down-
stream from the Peach Springs–Truxton paleo-
canyon as described previously, rather than a 
co-tributary draining to the NE.

The erosion surface that truncates normal 
faults within Wheeler Ridge refl ects erosion 
that occurred late in the history of formation of 

Grand Wash Trough, after most faulting and tilt-
ing had ceased. However, that erosional event 
was not necessarily responsible for all, or even 
a signifi cant fraction of, the erosion that created 
the paleocanyon. The normal faults truncated by 
the unconformity have displacements of only a 
few hundred meters at most, and therefore mod-
est post-tilt erosion would have eliminated any 
tectonically generated relief prior to aggradation 
of the fi ll over the paleocanyon wall, long after 
most tilting and faulting within Wheeler Ridge 
had ceased.

The hypothesis that Wheeler Ridge contains 
a fragment of Grand Canyon is testable using 
a comparison of a down-plunge view of the 
Wheeler Ridge paleocanyon (essentially a map 
view, Fig. 12A) and a vertical north-south cross 
section of Grand Canyon just upstream from its 
intersection with the Grand Wash Cliffs (Figs. 2 
and 12B). The key question is whether the 
geom etry of the paleocanyon is compatible with 
the dimensions of western Grand Canyon. The 
comparison shows that the horizontal N-S sepa-
ration between any two formations in modern 
Grand Canyon is about the same as the horizon-
tal separation between the same formations on 
either side of the Wheeler Ridge paleocanyon, 
along sections where the modern canyon is most 
narrow. For example, in both sections, the width 
of the canyon at the position of the Redwall 
Limestone is 3–4 km. A deep, pretilt “notch” cut 
into the top of the future Wheeler Ridge fault 
block would form a natural topographic depres-
sion even after signifi cant rotation of crustal 
blocks. Therefore, during and after tilting, the 
ancient channel would likely have been ex-
ploited as a local topographic low that focused 
drainage eastward through the paleocanyon and 
into the Grand Wash Trough.

Late Cretaceous to Quaternary 
Paleohydrology of the Colorado River 
Basin from the Glen Canyon Area 
to the Coast

The possible resolution of the Muddy 
Creek problem and consideration of thermo-
chronological, paleoaltimetric, and sedimen-
tary-provenance data suggest a three-phase 
paleohydrological reconstruction for the south-
western United States, involving two major 
drainage transitions, one near the Cretaceous-
Tertiary boundary and another in the late Mio-
cene (Fig. 13). The transitions defi ne three 
contrasting drainage networks. Using a conven-
tion for naming a river after the state contain-
ing its headwaters, I will refer to the fi rst system 
as the California River and to the second as 
the Ari zona River, the third of course being the 
modern Colorado River.

California River
The thermochronological, paleoaltimetric, 

and provenance data suggest that an E-fl owing 
paleocanyon was cut to a depth of 1500 m in 
Campanian time, to a level near the present 
erosion surface in western Grand Canyon, and 
to the level of Lower Mesozoic strata (at river 
level) in eastern Grand Canyon (Figs. 13A and 
13B). Near 20 Ma, prior to the extensional event 
that formed Grand Wash Trough, the erosion 
surface in eastern Grand Canyon was lowered to 
within a few hundred meters of its present posi-
tion without a major change in relief (Figs. 13D 
and 13E). Post–20 Ma erosion throughout the 
canyon has not exceeded a few hundred meters, 
with perhaps slightly more erosion possible in 
eastern Grand Canyon (Fig. 4).

The existence of a deep canyon since the Cre-
taceous raises the questions of why it was cut and 
which way the river was fl owing. Based on prov-
enance data on either side of the orogen, it is clear 
that the active California arc was feeding large 
volumes of detritus through a major drainage 
directly onto the Colorado Plateau, through at 
least the end of Campanian time (71 Ma). This 
marked the end of a long period in the Late 
Cretaceous when the Cordilleran mountain belt 
was relatively narrow, and the region east of the 
Sevier belt/miogeoclinal hinge zone (north) or 
the arc (south) lay near sea level as the Western 
Interior Seaway withdrew to the east (Fig. 9A; 
e.g., Dickinson et al., 1988). The carving of the 
paleo canyon took place during Campanian  and 

Figure 13. Diagrammatic cross sections of 
the six areas highlighted in yellow in Fig-
ure 9. Wavy lines at the top of each diagram 
show the elevations of river grades (bottoms 
of V-shaped depressions, connected by ar-
rows) and surrounding uplands (to the left 
and right of the depressions), with key forma-
tions in depositional basins labeled in italics. 
Geologic units are Proterozoic crystalline 
and overlying Proterozoic stratifi ed rocks 
(brown), Paleo zoic strata (light blue), Trias-
sic through Lower Cretaceous strata (forest 
green), Upper  Cretaceous strata (chartreuse), 
Paleogene strata (gold), Upper Oligocene 
through mid-Miocene strata (orange), and 
mid- to late Miocene strata (yellow). Also 
shown are ophiolitic basement of the forearc 
terrain (olive green), metamorphosed sub-
duction complex rocks (gray and olive), and 
Mesozoic arc intrusive rocks (pink). Sediment 
load in rivers is indicated qualitatively as high 
(three arrows), moderate (two arrows), and 
low (one arrow). Horizontal gray lines show 
elevation above sea level.
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