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Abstract
Study of the Colorado River in Grand Canyon, Arizona, has very direct

applications to the relationship between sedimentation and regulation of the river system.
Studies of sediment yield in this river stretch are well documented, however, the rates of
sediment introduction into the system are not well known. This study provides a long-
term average sediment yield of the Colorado River and its tributaries as a function of
distance in the Grand Canyon using cosmogenic *°Be. By gaining a four dimensional
understanding, in space and time, of the movement of sediment within the Grand Canyon
we will better understand the dynamic sediment system. The advantage of long-term
averages presents the ability to compare and improve short-term sediment flux averages
that may be skewed by short-term climatic or sediment yield cycles.
Introduction

Exposing two billion years of geologic history and serving as the life-blood of the
Southwest, the degree of richness and dynamics of the Colorado River in the Grand
Canyon is unparallel. The Grand Canyon extends 448 km (278 miles) across the

northwestern part of Arizona (Fig. 1), stretching between Lake Po



Mg per day. The Colorado River, Spanish for “colored red” due its amount of sediment,
began to often run clear following regulation (Kieffer, 1990).

Due to the inherent importance of sediment transport to the river, the Colorado River
sediment yield has been an important topic of research. There exist short-term estimates
of sediment yield and transportation rates of the Colorado River in Grand Canyon (such
as Graf et al., 1991; Howard and Dolan, 1981; Webb et al., 2000), however, this study
will provide a long-term sediment production rate by measuring the average erosion rate
within the Colorado River basin in the Grand Canyon region. A long-term average will
effectively cancel out periodic cycles or fluctuations that could skew a short-term
average, providing a clear standardized understanding of the systems sediment yield.
Justification

This study will provide a dynamic and diverse understanding to the Colorado River
basin system in the Grand Canyon, Arizona. Prior studies have investigated
contemporary sediment yield and sediment transportation of the Colorado system in
Grand Canyon (such as Graf et al., 1991; Howard and Dolan, 1981; Webb et al., 2000);
however, no long-term average sediment yield rates are known. The scope of this study is
threefold, it will (1) provide a rate at which sediment is delivered to the system; (2)
enable understanding of the spatial distribution of tributary erosion; and (3) model rates
at which sediment is delivered downstream. The importance of a firm understanding of
sediment yield is understood considering the degree of regulation that exists on the
Colorado River.

The regulation of the Colorado River has been a significant source of study. Since the
dams closure in 1963, there have been many studies investigating the impact of the
regulation on sediment yield, transportation, and deposition within Grand Canyon.
Further, the rate at which sediment is being delivered to Lake Mead is also a source of
concern. Monitoring of the Colorado River through this stretch only dates back to the late
1800’s using photographic comparison, with quantitative measurements much more
recently (Webb, 1996; Melis et al., 1995). Considering the amount of interannual and
interdecadal precipitation variability (Figs. 3 and 4), one begins to appreciate the
importance of a long-term sediment influx rate of the Colorado River if understanding of
the effects of regulation is to be effective. Such long-term understanding is highlighted in



the Grand Canyon where cyclic erosion and deposition are present in the Colorado River
below Glen Canyon Dam. Due to this cyclic quality, “data biasing” is a risk depending on
study duration and recurrence period (Cluer, 1995). Consequently, a long-term
understanding would compensate for any possible micro- or macro-cycling of sediment
load.

Literature Review

Rate of erosion using cosmogenic isotopes

The constant exposure of cosmic radiation causes fast moving nuclides to collide into
Earth’s surface forming cosmogenically produced isotopes. Cosmogenic isotope dating is
based upon the accumulation of certain nuclides that form due to this interaction of
cosmic radiation with exposed surface matter. The isotopes are only produced in the top
few meters of crust, allowing for applications to landform ages and geomorphic

evolution. The accumulation of these cosmogeni



Isotopes are transported out of the basin through isotopes in sediment (Isgp) and isotopes
in solution (IsoL). Consequently, the relationship established is such that:
Iin = lout = Ip + Itran = Ip + IsoL + Isep (1)
Min = Moyt = constant 2
(Bierman and Steig).
An inverse relationship exists between the flux of cosmogenic isotopes leaving a
basin and the rate of basin erosion. The longer sediment is exposed to cosmic rays, longer
dosage time, the higher the isotope concentration; consequently the higher the dose, the
slower the erosion rate (Bierman and Steig).
Bierman and Steig present a model for calculating average rate of basin-wide mass

loss (m):






probability greater than zero of having one every century. On average for any tributary,
there is a 30-50 year recurrence interval of debris flow (Melis et al., 1995).

Debris flows travel 1 to 20 km from their initial source (Melis and Webb, 1993).
These flows are characterized as being composed of 15 to 20 percent water by-weight
and poorly sorted sediment. The sediment composition typically including fewer than 2
percent clay, 10 percent boulder (Melis et al., 1995), and sand may have between 10 to 40
percent by content (Webb et al., 1989); (Table 3).

Prior to regulation by the closure of the Glen Canyon Dam in 1963, the Colorado
River in Grand Canyon was characterized by a high inter-annual variability of flooding
(Melis et al., 1995). While regulation has not affected the total sediment flux from
tributary debris, reduced peak discharge and lower river stages produced by the
regulation has caused the sediment-transport rates away from debris fans to attenuate
(Melis and Webb, 1993). This has limited the river’s ability to completely erode new
debris accumulating on debris fans (Melis et al., 1995). In fact, studies have reported that
the decrease in size of flood flows due to regulation has produced decrease in sediment-
transport potential of the Colorado River by a factor of 3.9 (Howard and Dolan, 1981).

Prior to the closure of the Glen Canyon Dam in 1963, the debris fans were fully
reworked; all particles except large boulders were removed (Melis and Webb, 1993).
Since regulation, only about 25 percent of the debris-fan is reworked (Webb et al., 2000).
This has resulted in the accumulation of finer-grained sediment in rapids and debris fans
(Melis and Webb, 1993).

Of the 772 Colorado tributaries in Grand Canyon, only four major tributaries are
gaged. Webb et al. (2000) reports that of the total sediment yield by ungaged tributaries
in the Grand Canyon, between 4 to 23 percent is delivered by debris flows (Table 4). In
addition, this study estimated the total sediment yield and sand delivery from ungaged
tributaries to the Colorado River in Grand Canyon to be 2.8-3.0 10° Mg/yr and 0.4-
2.0x10° Mglyr, respectively (Table 5). The total sediment yield is a function of the
sediment flux contributed by debris flow in addition to sediment flux produced from
streamflow floods. Accounting for storage in debris fans, ungaged tributaries contribute
0.1x10° and 0.5x10° Mg/yr of sand between the critical section of Glen Canyon Dam and

the Little Colorado. This is 33 percent of the only other source of sand in this section, the



Paria River. This underlines the importance of the small ungaged tributaries to the total
sediment budget of the Grand Canyon (Webb et al., 2000).
Methods
Sample collection

In order to understand the nuclide distribution of the Colorado River basin in Grand
Canyon, we selectively collected a suite of sediment samples along the Colorado River.
We collected samples from both the confluence of tributaries with the Colorado River
and mainstream sediment. The tributary samples provide the sediment yield, while the
mainstream sediment will provide the distribution of *°Be down the channel. These two
combined allow calculation of the sediment budget. We sampled both major and minor
tributaries, as well as an even distribution of tributaries from river right and river left. The
sampled tributaries include: Paria, Nankoweap, Vishnu, Kanab, Tiger, Little Colorado,
Red Canyon, Monument, and Mohawk Rivers. In total, we collected 20 samples will be
collected.
Laboratory methods

Each sample will be sieved and weighed. We will analyze out sediment of grain sizes
between 500 to 841 um or 250 to 500 pum, optimizing the preparation process and
removing aeolian input. This selection of each sample will then be cleaned to remove
dust and organic matter, etched with HCI to remove carbonate and remaining organics,
then etched up to four times with HF and HNO3 to obtain pure quartz and remove
atmospheric °Be. Further processes will then utilized to obtain purified Be and Al. We
will then determine *°Be/°Be and °Al/*’Al ratios using accelerator mass spectrometry
(AMS) at Lawrence Livermore National Laboratory, California.
Discussion & Conclusions

Possible problems
Bierman and Steig (1996) outline a series of assumptions that are inherent in the
structure of their model, including:
(1) the rate of erosion is constant but not necessarily spatially uniform; (2)
the basin is in isotopic steady state, (3) sampled sediment is spatially and
temporally representative of all sediment leaving the basin, i.e. it is well

mixed; (4) mass loss from the basin is occurring primarily by surface



lowering; (5) the mineral selected for isotopic analysis is uniformly
distributed through the basin.
While it is difficult to test or constrain each individually, most can be intuitively verified.
Use of a large basin with sediment supply from many tributary systems, as is the case of
this study, effectively averages spatial and temporal heterogeneity in isotope
concentrations (Bierman and Steig, 1996). This prevents the ability of single tributary or
sediment sources from biasing the results.

The sampling method acquires sediment directly from tributaries and from along the
Colorado River mainstream. This provides quantified understanding of how isotope
concentration is being added to the system and how the existing isotope concentration is
distributed downstream. Under these
constrains, there are three possible
outcomes for isotopic concentration as a
function of distance downstream (Fig. 8). If
isotopic concentration remains constant
downstream, it indicates erosion rate is
constant through the entire distance and
sediment transport is rapid, not allowing









Appendix

m = basin-wide average rate of mass loss (g cm?a™)

A = attenuation factor (g cm™)

Poe = effective basin-wide production rate at ground surface (atoms a’'g™)

C’sep = average isotope concentration in sediment in mineral J leaving basin (atoms g™
C’soL = average isotope concentration in solution in mineral J leaving basin (atoms g™)
A = decay constant (a-1)
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