Comment on "Age and Evolution of the Grand
Canyon Revealed by U-Pb Dating of Water
Table Type Speleothems™

Joel Pederson, et al.

AVAAAS Science 321, 1634b (2008);

DOI: 10.1126/science.1158019

The following resources related to this article are available online at
www.sciencemag.org (this information is current as of December 27, 2009 ):

Updated information and services, including high-resolution figures, can be found in the online
version of this article at:
http://www.sciencemag.org/cgi/content/full/321/5896/1634b

A list of selected additional articles on the Science Web sites related to this article can be
found at:

http://www.sciencemag.org/cgi/content/full/321/5896/1634b#related-content

This article cites 8 articles, 6 of which can be accessed for free:
http://lwww.sciencemag.org/cgi/content/full/321/5896/1634b#otherarticles

This article appears in the following subject collections:
Technical Comments
http://www.sciencemag.org/cgi/collection/tech_comment

Information about obtaining reprints of this article or about obtaining permission to reproduce
this article in whole or in part can be found at:
http://www.sciencemag.org/about/permissions.dtl

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by the
American Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. Copyright
2008 by the American Association for the Advancement of Science; all rights reserved. The title Science is a

registered trademark of AAAS.

Downloaded from www.sciencemag.org on December 27, 2009


http://www.sciencemag.org/cgi/content/full/321/5896/1634b
http://www.sciencemag.org/cgi/content/full/321/5896/1634b#related-content
http://www.sciencemag.org/cgi/content/full/321/5896/1634b#otherarticles
http://www.sciencemag.org/cgi/collection/tech_comment
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org

1634b

=11\

A O VIVIEN

Comment on “Age and Evolution of the
Grand Canyon Revealed by U-Pb Dating
of Water Table-Type Speleothems”

Joel Pederson,** Richard Young,? Ivo Lucchitta, L. Sue Beard,® George Billingsley®

Polyak et al. (Reports, 7 March 2008, p. 1377) reported speleothem data leading to their inference that
the western Grand Canyon incised much earlier than previously thought. This contradicts several lines of
published geological knowledge in the region, hinges upon unjustified hydrogeological assumptions,
and is based on two anomalous data points for which we offer alternative explanations.

et al. (1) that the western end of the Grand

Canyon is more than 10 million years older
than previously thought ignores and contradicts
long-established regional geologic knowledge. We
ask that the authors provide a rigorous justification
of both their assumptions and their interpretations,
specifically in the context of the well-published
geology of the region. Considering this, we pro-
pose alternative interpretations of their two anom-
alous western Grand Canyon data points.

The initial speleothem and geochronology re-
sults reported by Polyak et al. are potentially val-
uable, inasmuch as they approximate, to within
tens of meters, the past groundwater table. How-
ever, the authors make two fundamental assump-
tions in the large step from their nine basic data
points across the region to their interpretations
about the region’s topographic evolution. As stated
in (7), they assume that apparent groundwater table
lowering is a direct proxy for, or “equivalent” to,
the depth of canyon incision by an axial river
some distance away. In addition, they assume that
this paleo-groundwater table was “flat,” such that,
lacking a gradient head, this groundwater would
not flow or relate to topography at all. Both of
these conditions are impossible in landscapes of
high relief such as this. These assumptions are
erroneous even in the broadest sense, considering
the complicated spatial relation of the variably
perched or confined modern groundwater table to
today’s diverse Grand Canyon geology and to-
pography (2). We ask the authors to justify these
key assumptions and explore more rigorously the
resultant uncertainties in their data.

In terms of interpretations, we are particu-
larly concerned that the primary conclusions of
Polyak et al. rely on two anomalously old and
anomalously positioned data points [sample sites
1 and 4 of figure 2 and table 1 in (/)]. These sites
are situated 30 to 40 km away from the modern

The highly publicized conclusion of Polyak
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Colorado River and are similar to each other in
height above it, but one is dated at ~7.6 million
years ago (Ma) and the other is more than twice
as old, at ~17 Ma. On the basis of these two data
points, the authors conclude that by ~17 Ma, the
western Grand Canyon had been substantially cut
by a precursor drainage flowing to the west. This
older western drainage hypothetically captured
the upper Colorado River near where most peo-
ple visit the national park today in the eastern
Grand Canyon. Thus, Polyak et al. envision a
major regional drainage, excavating a canyon
on the scale of at least several hundred cubic
kilometers.

First, the presence of such a precursor western
canyon contradicts Lucchitta and Jeanne’s study ex-
ploring this issue with dated basalt flows record-
ing paleotopography in this area (3). Second,
such an excavated mass of rock must go some-
where downstream, but this runs into the classic
“Muddy Creek” problem of Grand Canyon geo-
logic history (4—7). Their inferred early incision
would have delivered an overwhelming volume
of clastic sediment to the internally drained Grand
Wash Trough basin between 17 and 9 Ma, with
this basin itself incised by 7.6 Ma. These inter-
pretations directly contradict our geologic knowl-
edge of the sources of sediment and the timing of
deposition and erosion in these places. The ge-
ology of the beautifully exposed and well-dated
sedimentary basins of the southeastern Lake Mead
region has been well published and reconfirmed
over nearly 80 years of study, and we know that
their clastic fill was locally sourced and then in-
cised soon after, ~6 Ma (4-8). In fact, the evidence
for no substantial drainage or canyon cutting feed-
ing the basins of this area is the seminal recog-
nition that jump-started scientific debate about the
region’s landscape evolution decades ago (5, 9).
Similarly, it is also well known that the Colorado
River did not finally integrate through those down-
stream basins and deliver Plateau-derived sediment
to the lower Colorado River region until between
6 and 5 Ma (/0-12). Third, Polyak ef al. seem to
ignore the well-researched system of deep, gravel-
filled Paleogene paleocanyons on the southwest-
em plateau that dominated local topography through

Miocene time (/3, 14). These Eocene paleocan-
yons contain a direct and dated record of subse-
quent aggradation by northeast-flowing drainages
from late Eocene until middle Miocene time or
later, again contradicting Polyak ez al.’s claims of
a west-draining western Grand Canyon at this
same time. In fact, one of these paleocanyons lies
directly between their 17 Ma data point and the
Grand Canyon, and it extends below the eleva-
tion of their sample, assuring that a distant west-
ern Grand Canyon is not being detected in their
data. The conclusions of Polyak et al. therefore
need to be reconciled with existing knowledge of
the region.

We argue that there are better interpretations
of the two anomalous western Grand Canyon data
points described in (/). Three to five kilometers
of vertical slip along the Grand Wash fault is well
documented between 16.5 and 8 Ma (and not
before this time, as Polyak et al. state), forming
the Grand Wash Trough and up to 1.6 km of topo-
graphic relief along the southwest edge of the
Colorado Plateau (6, 8). For the 7.6-Ma data point,
which is much closer to the Grand Wash fault es-
carpment than to the modern canyon, this pre-
ceding and contemporaneous faulting suggests a
groundwater connection from the plateau to adja-
cent springs in this lowering basin, not a topo-
graphic canyon off to the south (7, 15). The older
17-Ma data point 30 km south of the Grand Canyon
could be simply related to broad denudation and
escarpment retreat in that area or, even more likely,
to those closer, northeast-flowing paleocanyons
mentioned above that predate the western Grand
Canyon we see today.

The famous landscape of the Grand Canyon
lies along the front lines of competing scientific
and nonscientific views of Earth’s antiquity and
evolution. Regional geological knowledge of the
Grand Canyon is especially rich and detailed, but
it is already prone to unnecessary controversy and
is frustratingly difficult to synthesize and commu-
nicate to the public. The report by Polyak et al.
adds to the confusion rather than building upon
previous science, and it therefore makes relating
Grand Canyon science to the public even more
challenging.
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