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ABSTRACT

Where the lower Colorado River traverses the Basin and Range Province below

the Grand Canyon, significant late Pleistocene aggradation and subsequent degrada-

tion of the river are indicated by luminescence, paleomagnetic, and U-series data and

stratigraphy. Aggradational, finely bedded reddish mud, clay, and silt are underlain

and overlain by cross-bedded to plane-bedded fine sand and silt. That sequence is

commonly disconformably overlain by up to 15 m of coarse sand, rounded exotic

gravel, and angular, locally derived gravel. Luminescence dates on the fine sediments

range from ca. 40 ka to 70 ka, considering collective uncertainties. A section of fine-

grained sediments over a vertical range of 15 m shows normal polarity magnetization

and little apparent secular variation beyond dispersion that can be explained by com-

paction. Aggradation on large local tributaries such as Las Vegas Wash appears to

have been coeval with that of the Colorado River. The upper limits of erosional rem-

nants of the sequence define a steeper grade above the historical river, and these late

Pleistocene deposits are greater than 100 m above the modern river north of 35°N. Ter-

race gravels inset below the upper limit of the aggradational sequence yield 230Th dates

that range from ca. 32 ka to 60 ka and indicate that degradation of the river system in

this area closely followed aggradation.

The thick sequence of rhythmically bedded mud and silt possibly indicates set-

tings that were ponded laterally between valley slopes and levees of the aggrading

river. Potential driving mechanisms for such aggradation and degradation include
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INTRODUCTION

The geologic history and geomorphic evolution of the Colo-

rado River have engaged broad interest since the earliest stages of

geologic inquiry of the southwestern United States, yet there

remain many poorly understood aspects of the history of this

complex river system. Two types of inquiry into the geologic his-

tory of the river are its piecewise integration and its subsequent

record of response to various climatic and tectonic causes (e.g.,

Young and Spamer, 2001; Reheis, 2005; this volume for some re-

cent perspectives). In this paper, we are mainly concerned with a

geologic record of aggradation and degradation along the 500 km

reach of the lower Colorado River between Lake Mead and Yuma,

Arizona, during the late Pleistocene.

Setting

The Colorado River watershed covers �640,000 km2 of the

southwestern United States, including high-altitude ranges and

plateaus of the Southern and Middle Rocky Mountains, large

areas of semiarid desert of the Colorado Plateau, and a corridor

area spanned by its lower course through the Basin and Range

Province to its delta at the head of the Gulf of California (Fig. 1).

This large area encompasses great diversity of geology, land-

scapes, climate, hydrology, and ecology, all of which are factors

that control streamflow and sediment supply to the lower Colo-

rado River.

Below its abrupt exit from the Grand Canyon and Colorado

Plateau at the Grand Wash Cliffs, the lower Colorado River tra-

verses short but precipitous canyons (including Iceberg, Virgin,

and Boulder Canyons) and intervening larger basins. In the Boul-

der Basin of western Lake Mead, the river course turns southward

to flow through several bedrock-dominated canyons (Black,

Pyramid, Topock, Aubrey, and Picacho) and intervening more

extensive basins within a major late Miocene extensional corridor

(e.g., Howard and John, 1987). Altitudes of range crests and basin

floors generally decrease southward. The associated climatic con-

ditions are increasingly hot and arid southward from the Las

Vegas–Lake Mead area—the mean annual precipitation of Las

Vegas is �10 cm. The predam part of the historic record of peaks

in discharge of the Colorado River was dominated by seasonal

early summer snowmelt from the Rocky Mountains (Andrews,

1990), and by secondary late summer monsoonal runoff. The flow

regime of the river has been greatly altered by the construction of

dams and reservoirs that control floods and harness the river for

power and water supply. The lower Colorado River is now a

major water-supply lifeline for the large and rapidly growing met-

ropolitan areas of southern California, southern Nevada, and cen-

tral Arizona, and major agricultural areas of southern California

and Arizona. Its reservoirs have become major recreation areas

and loci of retirement communities. The modern river system

contrasts markedly from the sediment-rich system of historic

predam conditions, and even more so in comparison with fluvial

systems that produced the geologic record.

Previous Work

As a member of the 1857–1858 Ives expedition (McKinney,

2002), Newberry (1861) first recognized fine-grained aggrada-

tional deposits of the lower Colorado River as evidence for a pre-

historic flow regime that was quite different from historical

conditions. He assigned these sediments to the Quaternary partly

on the basis of his discovery of an elephant tooth (mammoth;

Agenbroad et al., 1992) in river gravels overlain by finer beds and

higher gravel near what became Nelson Landing along Lake

Mojave (Fig. 1).

Subsequent researchers contributed significant data and

interpretations to the recognition of a complex stratigraphy. Lee

(1908) first referred to these deposits as the Chemehuevis grav-

els, though he clearly recognized that much fine-grained sediment

was included in thick Quaternary aggradational sediments of the

lower Colorado River. The later use of the name Chemehuevis has

been varied and inconsistent. Longwell (1936, 1963) modified

the usage to Chemehuevis formation (the “s” has been omitted

during later usage) and emphasized its fine-grained nature in his

lacustrine and deltaic interpretation of the unit. He also noted the

difficulty in identifying a downstream damming mechanism.

As part of an extensive hydrogeologic study of the lower

Colorado River that began in the late 1950s, Metzger et al. (1973;

also Metzger and Loeltz, 1973) recognized multiple episodes of

river aggradation and degradation based on stratigraphic relation-

ships between river deposits and intercalated local fan gravel.

They did not favor the use of Chemehuevi as a stratigraphic name

and instead used informal alphabetic unit names. They defined

unit D to include a basal gravel layer overlain by characteristic

bedded muds that represented the latest aggradational period of

the Pleistocene. They defined unit E as sand and gravel that was

deposited during later degradation of the river; unit E is discon-

formably inset into unit D. Their combined units D and E are

equivalent to Longwell’s Chemehuevi formation. Lucchitta (1966)

recognized and considered various explanations for the Cheme-

huevi formation in the eastern Lake Mead region, but he did not

sediment-yield response to climate change, drought, fire, vegetation-ecosystem dynam-

ics, glaciation, paleofloods, groundwater discharge, and building and destruction of

natural dams produced by volcanism and landslides.

Keywords: fluvial geomorphology, Colorado River, late Pleistocene, Chemehuevi,

aggradation.



34

36

116
114

32

C

B
N

D

Bo

LM

GWC T

Tp

Ne

A

PV

Pi

Y

Salton 

Sea

LV
LVw

0 50 10025 Kilometers

altitude  - meters

< 225

225 - 600

600 - 1,200

1,200 - 1,800

1,800 - 2,500

2,500 - 3,000

> 3,000 

Figure 1. Location map and digital eleva-
tion model (DEM) of the part of the lower
Colorado region that is considered here,
from western Grand Canyon to Yuma,
Arizona. A—Aubrey Canyon and Lake
Havasu Dam, B—Black Canyon at area
of ash site (Fig. 8), Bo—Boulder Canyon,
C—Cottonwood area (with rectangle
showing area of Fig. 2), D—Davis Dam
and Pyramid Canyon area, GWC—
Grand Wash Cliffs, LM—Lake Mead,
LV—Las Vegas, LVw—Las Vegas Wash
(just below w is site of Fig. 7), N—North
of Nelson C14 site of Blair (1996), Ne—
Needles, Pi—Picacho Canyon, PV—
Palo Verde Mesa (Fig. 10), T—Toroweap
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include discussion of the Chemehuevi in his subsequent publica-

tions on late Tertiary river history in the Basin and Range

Province (Lucchitta, 1972, 1979). During engineering geologic

studies for consideration of a proposed nuclear power plant, Bell

et al. (1978) obtained a U-series date of ca. 100 ka on mammoth

remains found by Metzger in his unit D, which they referred to as

the Chemehuevi Formation. Whitney et al. (1988) recognized two

Pleistocene cycles of aggradation on lower Las Vegas Wash,

which they refer to the Chemehuevi Formation, where their ear-

lier cycle contains the Lava Creek B ash (ca. 602 ka).

In detailed mapping of two 7.5� quadrangles along the 

central part of Lake Mojave, Faulds (1995, 1996) mapped and

distinguished predominant textural types (gravel, sand, mud) of

Colorado River sediments and included all of these in a Cheme-

huevi Formation of Pleistocene to late Miocene (?) age range.

Guided by Faulds’ mapping, Blair (1996) investigated the latest

cycle of Pleistocene aggradation and degradation in these quad-

rangles and obtained a radiocarbon date of 35 k.y. B.P. for a sin-

gle piece of wood found within fine-grained river deposits.

Lundstrom et al. (1998) initially reported some of the late Pleis-

tocene luminescence and U-series dates that are documented in

this paper and suggested paleoflood interpretations of Colorado

River deposits. Faulds et al. (2004) and House et al. (2005) rec-

ognized, named, and mapped several new units in their detailed

mapping of the Davis Dam area. They retained but modified the

use of Chemehuevi (alluvium, beds, terrace) for a specific aggra-

dational sequence that included unit E and a disconformably

underlying part of unit D of Metzger et al. (1973), and they fur-

ther recognized and included a similar, disconformably inset and

younger aggradational cycle that they referred to as the Mojave.

(See Figures 2 and 3 of House et al. [2005] for a graphical sum-

mary of some of these relations.) In summary, some authors (e.g.,

296 (river mile upstream from U.S./Mexico border)

298

297

299

Arizona

Nevada

Cotto
nwood

Mari
na a

rea

W

W'

E'

E

3

4

1 114˚40'
35˚30'

2

Eolian sand

0 0.5 1 Kilometer

N

area not m
apped

W

W'

Lake Mojave

gy2

gy1

gy4

y

y

u

u

u

u

u

u

u

u

u

u

u

u

u

u

u

y

y

y

fy

fy

fy

fy

r

r

y

y

y

y

fy

r

u

u

gy4

gy3

go

go

gu

gu

gu

young wash alluvium

younger river gravels
1-oldest to 4-youngest

undivided river gravels

older river gravels

younger fine-grained sequence

longitudinal ridges U-series dating sitesprofile lines

bedrock

undivided older + younger
local & river deposits

Explanation

1

r

u fy

y

go

gu

gy

Figure 2. Map of Cottonwood area show-
ing simplified geology and location of
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Longwell, House) have used Chemehuevi to refer to more

restricted parts of the stratigraphic record of the lower Colorado

River, and other authors retain a broader usage of Chemehuevi

(e.g., Lee, Faulds [1995]), whereas others have avoided the use of

the name altogether (e.g., Metzger).

Because of the widely varied meanings in which Cheme-

huevi has been used as a stratigraphic term, its use is problematic

and is generally avoided in this paper. Our investigation concen-

trated on the deposits related to the latest major cycle of lower

Colorado River aggradation and degradation, which is generally

equivalent in concept to units D and E of Metzger et al. (1973).

METHODS

We applied several geochronologic methods to sites in the Cot-

tonwood Marina area of Lake Mojave that adjoins the south end of

Faulds’s (1995) mapping (Fig. 2), and to sites of Las Vegas Wash and

Yuma (Fig. 1). To evaluate the regional context of these sites, we

made observations of stratigraphy and geomorphology over the 500

km of the lower river corridor (Fig. 1). The geochronologic methods

included various types of luminescence dating; paleomagnetism and

mass-spectrometric U-series dating that we applied only to Cotton-

wood area sediments; and geochemical analysis and correlation of a

single ash sample (Sarna-Wojcicki, 2006, written commun.). 

Luminescence

Luminescence dating methods applied in this study included

thermoluminescence (TL), infrared-stimulated luminescence

(IRSL), and optically stimulated luminescence (OSL). Samples

were collected by auguring into a freshly cleaned face (natural ex-

posure or manmade pit), driving a polyvinyl chloride (PVC) tube

into the sediment, and capping the ends of the tube under shielding.

Samples were also collected for water content and dose rate mea-

surements. For samples LV 7–12 (Table 1), dosimetry measure-

ments were taken in situ using a portable gamma ray spectrometer

with an internal sodium-iodide (NaI) crystal detector. For other

sites, laboratory dosimetry was adapted from Murray et al. (1987).

Alpha and beta contributions to the dose rate were corrected for

grain-size attenuation (Aitken, 1985). Cosmic-ray dose rate was es-

timated for each sample as a function of depth, elevation above sea

level, and geomagnetic latitude (Prescott and Hutton, 1994). Be-

cause moisture content affects dose rate, moisture content was mea-

sured for field conditions and saturated conditions for each sample.

Samples were prepared using standard procedures with

appropriate modifications (Millard and Maat, 1994; Roberts and

Wintle, 2001; Singhvi et al., 2001). Samples were treated with

10% HCl and 30% H2O2 to remove carbonates and organic mat-

ter and then sieved to extract the appropriate size fraction for each

luminescence method. Quartz and feldspar grains were separated

by density using lithium tungstate (ρ � 2.58/2.68 g cm–3). For

OSL, the quartz fraction was etched using 40% HF for 80 min fol-

lowed by 6 N HCl for 10 min to remove the outermost layer

affected by alpha radiation. The quartz grains were mounted on

stainless-steel discs using Silkospray™. 

For the three types of luminescence dating, analyses to deter-

mine equivalent dose were performed on different grain sizes and

mineral fractions. IRSL, which uses infrared wavelength stimula-

tion on K-feldspars, was performed for all samples on a polymin-

eralic (no mineral separation) fine silt fraction (4–11 µm). For the

Yuma samples that were collected more recently, blue-light OSL

(that OSL which uses a blue wavelength to stimulate the quartz)

was performed on fine sand–size quartz separates. All sand-size

quartz samples were analyzed by single-aliquot regeneration (SAR)

procedures (Murray and Wintle, 2000) with blue-light excitation.

Dose recovery and preheat plateau tests were performed to ensure

that the sediments were responsive to optical techniques and that

the proper preheat temperatures were used in producing the equiva-

lent dose (De) values. For the LVsamples 7–12, TLprocedures fol-

lowed Millard and Maat (1994).

The fine-grain (4–11 μm) polymineral extracts from all

samples were IRSL-dated using the total-bleach multiple-aliquot

additive-dose (MAAD) method (Lang, 1994; Singhvi et al., 2001;

Forman and Pierson, 2002). At least two attempts were made per

sample to provide MAAD ages. Anomalous fading tests on the

stability of the luminescence signal indicated little to no signal

instability (recording ratios of 0.89–1.07). These values are a ratio

of luminescence emission after storage of �30–60 d divided by

the immediate measurement; a ratio of 1.0 indicates stable lumi-

nescence. IRSL ages agree well with available quartz blue-light

OSL age control (Table 1) and seem to obviate the need for an

extensive correction factor (Huntley and Lamothe, 2001).

U-Series Disequilibrium

U-series geochronology was applied to pedogenic coatings

on gravels of the Cottonwood area using thermal ionization mass

spectrometric methods described elsewhere (Ludwig and Paces,

2002) and in the following. Most analyses were obtained from

innermost laminae of authigenic coatings from the undersides of

small- to medium-sized cobbles from carbonate-rich soil hori-

zons. Clasts with adhering rinds were slabbed and polished, com-

monly revealing a 0.1- to 0.5-mm-thick layer of dense,

detritus-poor material immediately adjacent to the clast. Carbide

dental burs were used to clean and then collect 50–120 mg of

material for chemical processing.

All materials were totally digested using HF, HNO3, HCl, and

H3PO4 in TeflonTM vials to avoid the possibility of laboratory U/Th

fractionation. Samples were spiked with a mixed tracer solution of

known 236U and 229Th concentrations added prior to digestion. After

hotplate digestion and spike equilibration, U and Th were purified

using standard anion-exchange chromatographic techniques

(AG1x8 resin with HCl and HNO3 mediums). Total chemical pro-

cessing blanks varied from 25 to 150 pg of U and 100–300 pg of 

Th. Typically, contributions from blank were negligible, constitut-

ing less than 1/1000th of the total uranium and thorium analyzed.

Isotopic measurements of 236U/235U, 234U/235U, 232Th/229Th,

and 230Th/229Th were determined on a Finnigan MAT 262 thermal

ionization mass spectrometer using an ion-counting secondary

electron multiplier. Uranium was loaded as a nitrate onto the



TABLE 1. LUMINESCENCE DATA 

Sample 
Lat  
(°N)

Long  
(°W) Depth 

Moisture
(%)

K
(%)

U
(ppm) 

Th  
(ppm) 

Dose rate*  
(grays/k.y.) TL dose* TL age* (ka) IRSL dose 

IRSL age  
(ka) 

 NAD27 (m) Field Sat.    Field Saturated (grays) Minimum Maximum (grays) Dry Sat. 

            (total bleach at 124 °C)    

LV-7 
35° 29' 
11.2" 

114° 40' 
02.0" 

6 0.8 35 1.55 ± 0.05 2.84 ± 0.31 3.79 ± 0.15 3.87 ± 0.08 2.71 ± 0.09 297.5 ± 15.6 76.9 ± 9.2 109.8 ± 13.5 189.8 ± 3.4 49.0 ± 3.4 70.0  ± 5.2 

LV-8 
35° 28' 
38.5" 

114° 41' 
18.7" 

16 0.6 37 1.83 ± 0.07 3.63 ± 0.44 6.29 ± 0.23 5.01 ± 0.15 3.46 ± 0.12 238.4 ± 9.3 47.6 ± 4.8 68.9 ± 7.2 205.3 ± 3.1 41.0 ± 2.9 59.3 ± 4.5 

LV-9 
35° 28' 
38.2" 

114° 41' 
18.7" 

21 1.6 35 1.93 ± 0.07 4.00 ± 0.50 7.14 ± 0.26 5.76 ± 0.19 4.05 ± 0.15 321.6 ± 12.3 55.7 ± 5.4 79.4 ± 7.2 238.7 ± 2.0 41.4 ± 2.8 58.9  ± 4.4 

LV-10 
35° 28' 
37.8" 

114° 41' 
18.7" 

27 0.4 33 1.98 ± 0.07 4.27 ± 0.53 7.80 ± 0.28 5.62 ± 0.19 3.69 ± 0.13 281.6 ± 8.4 50.0 ± 6.9 76.3 ± 8.9 252.0 ± 4.3 44.8 ± 3.3 68.3 ± 5.4 

                 

LV-11 
36° 07' 
42.7" 

114° 53' 
01.0" 

14 0.6 38 1.45 ± 0.05 2.96 ± 0.36 5.13 ± 0.19 4.14 ± 0.32 2.86 ± 0.10 309.5 ± 10.0 75 ± 7.2 108 ± 8.4 231.4 ± 2.8 56.0 ± 3.8 80.9 ± 5.9 

LV-12 
36° 07' 
42.5" 

114° 53' 
0.9" 

4 2 42 1.63 ± 0.06 3.75 ± 0.06 6.24 ± 0.23 4.85 ± 0.14 3.28 ± 0.12 301.6 ± 12.3 62.1 ± 6.4 91.7 ± 8.8 240.5 ± 3.2 49.6 ± 3.6 73.3 ± 5.8 

                 

COR-1 Yuma 
32° 42' 
20.9" 

114° 36' 
57.8" 

7 2 25 1.63 ± 0.16 3.23 ± 0.06 9.41 ± 0.19 5.06 ± 0.10 3.97 ± 0.09 392.9 ± 23.5 77.6 ± 8.5 99.0 ± 9.5 229.4 ± 5.2 45.4 ± 2.7 57.8 ± 3.7 

COR-2 Yuma 
32° 42' 
20.5" 

114° 36' 
57.8" 

5 1 27 1.71 ± 0.02 1.60 ± 0.08 3.97 ± 0.18 3.46 ± 0.07 2.64 ± 0.06 194.8 ± 8.3 62.1 ± 6.4 73.8 ± 7.8 108.9 ± 2.8 31.2 ± 2.0 40.9 ± 2 .8 

COR-2 Yuma 
32° 42' 
20.5" 

114° 36' 
57.8" 

5 1 27 1.71 ± 0.02 1.60 ± 0.08 3.97 ± 0.18 2.55 ± 0.05 1.99 ± 0.05 111.3 ± 2.4 43.7 ± 2.6 56.0 ± 3.6  

   Note: TL—thermoluminescence, OSL—optically stimulated luminescence, IRSL—infrared-stimulated luminescence, Sat.—saturated. 
   *OSL measurements in italics in last row of COR-2 Yuma.
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TABLE 2. URANIUM-SERIES ISOTOPE DATA AND CALCULATED DATES 

Sample
Sample

weight (g) 
U conc. 
(µg/g)

Th conc. 
(µg/g)

234
U/

238
U

activity ratio* 

230
Th/

238
U

activity ratio* 

230
Th/

232
Th 

activity ratio*

230
Th/U age 

(ka)
†

Initial
234

U/
238

U
activity ratio

†

Site 3 (unit gy3) in Figure 2 located
§
 at 35°29'05.9"N and 114°40'02.2"W at a depth of 0.4 to 0.6 m below terrace surface

LMov-3B 0.0818 5.17 0.250 1.389 ± 0.005 0.528 ± 0.006 33.5 50.9 ± 0.9 1.449 ± 0.005 

LMov-3C 0.0852 6.74 0.703 1.946 ± 0.015 0.510 ± 0.010 15.2 32.4 ± 0.9 2.037 ± 0.014 

LMov-3D 0.0589 3.39 0.766 1.382 ± 0.014 0.577 ± 0.021 8.07 57.3 ± 3.2 1.449 ± 0.014 

Site 4 (unit gy2) in Figure 2 located
§
 at 35°29'11.2"N and 114°40'02.0"W at a depth of 1.0 to 1.5 m below terrace surface

LMov-4A 0.1199 5.40 0.562 1.403 ± 0.008 0.598 ± 0.015 17.7 58.8 ± 2.0 1.476 ± 0.008 

LMov-4B 0.0865 4.35 0.510 1.405 ± 0.009 0.541 ± 0.011 14.4 51.7 ± 1.6 1.469 ± 0.009 

LMov-4D 0.0661 5.63 1.70 1.399 ± 0.019 0.574 ± 0.028 6.09 56.1 ± 4.2 1.467 ± 0.019 

LMov-4E 0.0686 4.47 2.49 1.431 ± 0.040 0.537 ± 0.058 3.29 50.1 ± 7.9 1.497 ± 0.039 

Site 1 (unit g0 top) in Figure 2 located
§
 at 35°30'00.1"N and 114°40'27.1"W at a depth of 1 m below terrace surface

LMov-1A 0.0767 2.77 0.465 1.398 ± 0.012 0.465 ± 0.043 8.81 43.2 ± 4.9 1.449 ± 0.013 

LMov-1B 0.0685 2.43 0.881 1.393 ± 0.023 0.612 ± 0.033 5.43 61.2 ± 5.2 1.467 ± 0.023 

LMov-1C 0.0798 1.20 0.295 1.191 ± 0.013 0.703 ± 0.032 8.95 94.4 ± 7.2 1.249 ± 0.016 

LMov-1D 0.0532 3.56 0.287 1.384 ± 0.009 0.658 ± 0.008 25.0 68.0 ± 1.4 1.466 ± 0.010 

Site 2 (unit g0 base) in Figure 2 located
§
 at 35°29'59.9"N and 114°40'28.3"W at a depth of 25 m below terrace surface

LMov-2A 0.0648 1.17 0.198 1.427 ± 0.020 1.093 ± 0.017 19.6 141.9 ± 5.8 1.638 ± 0.024 

LMov-2C 0.0572 1.28 0.201 1.374 ± 0.012 1.125 ± 0.021 21.7 163.7 ± 7.0 1.593 ± 0.018 

   *Measured isotope ratios were corrected for mass fractionation, spike contributions, procedural blank, and normalization relative
to differences between measured and certified values for NIST SRM 4321b (

234
U/

238
U atomic ratio of 0.0000529).  Values reported 

here are corrected for initial 
230

Th based on measured 
232

Th/
238

U ratios and a detrital component with an assumed atomic Th/U of 4 

and activity ratios of 
232

Th/
238

U = 1.276 ± 0.64; 
234

U/
238

U = 1.0 ± 0.1; and 
230

Th/
238

U = 1.0 ± 0.25 (2σ errors).  
†230

Th/U age, initial 
234

U/
238

U ratio, and associated 2σ errors are calculated after detrital Th corrections using ISOPLOT Ex, 
version 3.16 (Ludwig, 2004).  

§
NAD 27.

evaporation side of a double rhenium filament, and Th was loaded

as a nitrate onto a single, center filament along with a graphite

suspension. Resulting isotopic ratios were corrected for contribu-

tions from tracer solutions, chemistry blank, and mass fractiona-

tion and were normalized to a constant 234U/238U value for the

NIST SRM 4321B uranium standard included in each barrel of 13

filaments. Activity ratios (AR) for 230Th/238U AR and 234U/238U

AR were calculated using decay constants of Cheng et al. (2000).

Multiple analyses of a secular equilibrium uranium-ore solution

using the same methods were within analytical error of unity. All

analytical uncertainties are given at the 95% confidence level.

Observed 230Th/232Th activity ratios typically ranged between

3.3 and 33.5 (Table 2) indicating the presence of varying amounts

of detrital 230Th. This component was mathematically removed

using 232Th as an index isotope and the assumption that the detri-

tal component has a 232Th/238U AR � 1.276 � 0.64, 230Th/238U

AR � 1.0 � 0.25, and 234U/238U AR � 1.0 � 0.10 (Ludwig 

and Paces, 2002, section 6.3). The 230Th/U ages calculated for

samples with 230Th/232Th AR greater than �5 were relatively

insensitive to the choice of composition for the detrital compo-

nent. Samples with lower 230Th/232Th AR values had larger age

errors derived mostly from the uncertainties assigned to the

assumed detrital component. Detrital corrections, 230Th/U ages,

initial 234U/238U AR, and propagated 95% confidence level uncer-

tainties were calculated using Isoplot (Ludwig 2003).

Paleomagnetism

We collected oriented samples from fine-grained sediments to

test their polarity and to examine secular variation that may constrain

the rate of sedimentation. At section W–W� (Fig. 3), we collected 18

oriented samples from four horizons for a reconnaissance paleomag-

netic analysis. In the laboratory, the natural remanent magnetization

of the paleomagnetic samples was measured using a high-precision

spinner magnetometer. All samples were subjected to progressive al-

ternating field (AF) demagnetization, typically over 8 steps to peak

fields of 80 mT. Demagnetization results were plotted on vector di-

agrams, and directions of magnetization components were deter-

mined by principal-component analysis (PCA; Kirschvink, 1980)

applied to visually determined linear segments (Fig. 4). Site-mean

directions and dispersion parameters (Table 3) were calculated

using the statistics of Fisher (1953). To assess variation in

inclination due to compaction, the anisotropy of magnetic sus-

ceptibility was measured.
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COTTONWOOD AREA

We initially present results from the Cottonwood area where

evidence for aggradation and degradation is well displayed, and

then we describe other significant and complementary results

from other areas from Las Vegas Wash southward. 

Cottonwood Valley is between Black Canyon on the north

(Fig. 1) and Pyramid Canyon–Davis Dam area on the south. The

location of the valley was determined by the structure of Cotton-

wood Basin, which was formed during Miocene crustal extension

(Faulds, 1995, 1996). It was a closed basin that accumulated vol-

canic rocks, fanglomerates, and megabreccia before a through-

going Colorado River was established in the early Pliocene

(House et al., 2005). Most Quaternary sediments in the Cotton-

wood Basin are local fan and pediment gravels deposited on the

flanks of this impressive structural and geomorphic trough. Colo-

rado River sediments generally only occur within �3 km of the

modern river valley axis and are intercalated with various ages of

fan gravel. Near Cottonwood Marina, the youngest exposed river

aggradational sequence (fy of Fig. 2) occurs as light-toned,

smoothly rounded erosional remnants of sandy upper units that

overlie finer-grained sediment. Unit fy is draped across volcanic

bedrock and fan gravel (u) of various ages. Some of the remnants

of fy are draped across dissected fan remnants of intermediate age,

which include well-developed desert pavement on smooth, flat fan

surface remnants that are associated with stage II to III carbonate

soils. In some locations, fy deposits are overlain by locally derived

fine gravel that now forms terraces with weak stage III carbonate

soil development (Blair, 1996). In the Las Vegas area, similar

stage II–III or stronger carbonate soil development occurs on fan

gravel constrained to be late Pleistocene in age (Page et al., 2005).

These stratigraphic relations are consistent with the late Pleistocene

age estimates for fy determined in our geochronologic analyses.

Colorado River gravels, which are distinctive in having abun-

dant roundstones and including far-traveled rock types, occur in geo-

morphic positions with various age relations to local fan gravels 

and to fy. In the area near Cottonwood Marina, however, most sur-

ficial river gravels occur as a sequence of dissected terraces on the

east side of the river that are younger than fy (Fig. 2). Modern washes

are incised through all older units and are graded to the Holocene

Colorado River Valley and its sediments, which are largely drowned

by the impoundment of Lake Mojave behind Davis Dam. Eolian

sand (which is more extensive than shown in Fig. 2) mantles much

of the surface of fy and locally buries underlying contacts.

Aggradational Sequence

Some of the stratigraphic details of unit fy are evident in an

exposure south of Cottonwood Marina that is �30 m thick; its 

top is �90 m above the historic Colorado River (section W–W�;

Figs. 2 and 3). The section overlies andesitic bedrock with at least

10 m of relief at the contact where exposed, and the bedrock sur-

face here slopes to the south and west. A discontinuous lag over

the exposed bedrock includes rounded, very resistant, felsite

boulders up to 2 m in diameter, and rounded pebbles of quartzite

and limestone typical of the Colorado River. The lowermost 5 m

of the overlying aggradational section consists of plane-bedded 

to cross-bedded silty fine sand and silt beds, which pinch out

against the sloping bedrock contact. The lower beds are overlain

by �3 m of thin-bedded mud, clay, and silt, which include sec-

ondary carbonate cemented concretions. These beds are overlain

conformably by �10 m of reddish-brown, plane-bedded to cross-

bedded, predominantly fine sand with abundant rounded quartz

grains. This reddish-brown fine sand and silt sequence corre-

sponds to unit D of Metzger et al. (1973) and Metzger and Loeltz

(1973). The fine-grained beds are overlain at a sharp and possibly

disconformable contact by loose, medium to coarse, quartz-rich

sand and gravel (corresponding to unit E of Metzger et al., 1973),

which form a characteristic rounded sloping cap with a local

summit �13 m above the top of the better-exposed red-brown

sand. Excavation into the original upper sand, and beneath the

surficial mantle of gravelly sand derived from it, is commonly

Figure 3. (A) Photograph of aggradational sequence fy (equivalent to unit
D and E of Metzger et al., 1973) at section W–W�. Broken felsite boul-
der (�1.5 m) and rounded river gravels in foreground rest on andesitic
bedrock. (B) Diagram of stratigraphic relations, lithology, and sample
locations at W–W�. Altitude profile was photogrammetrically surveyed.
Infrared-stimulated luminescence (IRSL) and thermoluminescence (TL)
ages from Table 1 give range of nominal dates for assumed dry and satu-
rated conditions.
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thwarted by the very loose nature of both. The surface mantle 

on this upper sand, produced by ongoing pedoturbation, colluvi-

ation, and eolian activity, is predominantly medium to fine quartz-

rich sand but includes rounded river pebbles and local angular to

subrounded pebbles and cobbles. We have not observed promi-

nent buried soils within the fy sequence at this site.

Luminescence

Three samples (LV-8, LV-9, and LV-10) were collected for

luminescence from section W–W�, including a sample from each

of the three main described units that occur beneath the loose sand

and gravel (Fig. 3B), spanning �12 m of the section. The results

(Table 1) are similar for the three samples. LV-9 had the highest

dose rate, consistent with its occurrence in the most clay-rich part

of the section. In comparison to TL results, IRSL generally pro-

vided somewhat younger dates, and these are likely to be a some-

what more reliable measure of age than TL (Berger, 1995). The

estimated depositional ages, obtained by dividing dose by dose

rate for the three samples, range from ca. 41 to ca. 45 ka, assum-

ing dry field conditions, or ca. 59–68 ka, assuming a history of

higher moisture content near saturated conditions.

Analytical uncertainty is indicated by the � values in Table 1.

An additional source of uncertainty is the moisture history of 

the sample and its nearby surroundings, because higher moisture

content lowers dose rate for an otherwise constant isotopic envi-

ronment. Thus, Table 1 indicates dose rates and ages for dry field

conditions and for saturated conditions, where moisture-saturated

age estimates are �20% higher than for dry conditions. It is likely

that the uncertainty related to moisture affects each of the three

samples in the same sense. Therefore, the IRSL results indicate

deposition over an interval of a few millennia. Moreover, consid-

ering the data and potential error sources, along with concordance

with stratigraphy and other geochronology (such as the single 14C

date of ca. 35,000 ka of Blair [1996] and the U-series dates pre-

sented herein), the luminescence data indicate that the fine-

grained aggradational sequence was deposited during the middle

part of the late Pleistocene and was possibly deposited rapidly.

Paleomagnetism

Paleomagnetic data (Fig. 4; Table 3) provide independent

and complementary results that do not disprove a hypothesis of
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Figure 4. (A) Orthogonal vector diagram (Zijderveld, 1967) illustrating
a single component of remanent magnetization isolated by alternating-
field demagnetization from sediment samples. Solid and open circles are
projections of individual magnetization steps on horizontal and vertical
planes, respectively. Demagnetization levels are given in milliTesla
(mT). NRM—natural remanent magnetization. (B) Equal-area stereonet
of site-mean paleomagnetic directions and 95% confidence cones, pro-
jected on lower hemisphere. (C) Plot of inclination of remanent magne-
tization versus degree of anisotropy of magnetic susceptibility (Hrouda,
1982) for individual samples. Negative correlation suggests that sedi-
ment compaction has caused both increase in degree of anisotropy of
magnetic susceptibility and decrease in inclination of remanent magne-
tization direction in some samples.
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rapid sedimentation. Most of the sediment samples contain a

well-defined characteristic magnetization component with north

declination and moderate positive inclination that was isolated

over a demagnetization range from 10 mT or 15 mT through 

80 mT. Although the direction of this magnetic component is simi-

lar to a modern field, it is unlikely that the samples record a young

overprint magnetization because the demagnetization spectra

extend over a greater range than is typical for a viscous magneti-

zation. If these samples were deposited very rapidly and perfectly

recorded the ambient geomagnetic field at the time, with no vari-

ation introduced by subsequent geologic processes or by sam-

pling, the magnetization vectors for all horizons should all have

the same direction. Alternatively, if the sediments were deposited

over centuries to millennia, the samples should have recorded

paleosecular variation, as is known for historic time and docu-

mented for well-studied Holocene records (e.g., Lund, 1996).

Site-mean declinations for the four sampled horizons at Cotton-

wood all lie within 6° of an azimuth of 2°, whereas the inclina-

tions vary more, from 25° to 46°. The degree of anisotropy of

magnetic susceptibility was measured to test whether the varia-

tion in inclination might have been caused by compaction rather

than paleosecular variation. The anisotropy of magnetic suscepti-

bility (AMS) of sediments can increase during compaction due to

increasing alignment of magnetic particles (Kodama and Sun,

1992). There is a significant negative correlation between incli-

nation and AMS for the Cottonwood Landing samples, consistent

with secondary compaction as a source for much of the variation

of inclination. We expect that some variation including com-

paction was introduced during sampling.

Because the range of declination we obtained is significantly

less than the range of secular variation known over centuries to

millennia and because the range of inclinations is best explained

by compaction after deposition, a hypothesis of rapid sedimenta-

tion is not disproved by this data set. It is also consistent with the

results from luminescence dating and the absence of buried soils

in the observed stratigraphy. Certainly, more paleomagnetic data

and perhaps a more precise sampling method would be useful to

further evaluate whether paleomagnetic secular variation can be

demonstrated for other sites in the fine-grained sequence of

aggradation along the river.

Degradational Record

Afragmentary record of incision of the lower Colorado River

into the fy deposits is provided by the terrace sequence on the 

east side of the river across from Cottonwood Marina (gy, Fig. 2;

Figs. 5 and 6). All terraces (including levels at �223, 210, 197,

and 192 m above sea level) are at grades (Fig. 6) well below the

267 m top of the fy sequence at W–W� and below the 255 m altitude

of the probable disconformity between the upper loose capping

sand and gravel and the underlying finer-grained beds (Fig. 3). The

partially dissected terraces include various geomorphic features

of potential significance. The terrace surfaces are covered with a

pavement of varnished river gravels that include well-rounded

quartzite, chert, and limestone cobbles and pebbles. These ter-

races, starting with the largest and locally highest surface (gy1 at

�223 m), have bounding scarps and depositional surface forms

that curve southeastward away from the river and from an area of

bedrock on the north to which they are attached. The terrace sur-

faces include longitudinal ridges with 1–3 m cross-sectional relief

that are generally parallel to the southeastward trend of the fluvial

scarps and terraces. Terrace surfaces slope northeastward away

from the river and inset lower terraces (Fig. 6). We interpret the

geomorphic features of the terraces as having formed during

episodic flood events that interrupted late Pleistocene degradation

of the river following the period of fine-grained aggradation.

Exposures along the reservoir shoreline show the terrace

gravels to be generally massive, clast-supported, and several

meters thick (Fig. 5). A partially cemented stage III carbonate soil

that underlies the terrace surfaces includes pedogenic carbonate

and silica-rich coatings on gravel clasts in the soil profile. Some

exposures show that the base of the terrace gravels form a sharp

disconformity on plane- and cross-bedded fine sand and mud

(Figs. 5 and 6), which is similar to parts of fy at section W–W�. A

single luminescence sample (LV-7, Table 1; Fig. 6) taken from

cross-bedded silt and sand beneath the “airstrip” terrace (gy2)

yielded IRSL results (49–70 ka) similar to that of section W–W�,

although the TL results were somewhat older.

U-series dates (Table 2; Fig. 6) on innermost pedogenic car-

bonate clast coats from the soil beneath the terrace surface yielded

similar, well-behaved, late Pleistocene ages. Nine of eleven analy-

ses for samples at sites 3 and 4 have ages ranging from 43 � 5 to

68.0 � 1.4 ka (Fig. 2). Initial 234U/238U AR values calculated for

these analyses define a narrow range of values from 1.45 to 1.50,

which is within the range of other pedogenic deposits in the region

(Ludwig and Paces, 2002). Two samples have initial 234U/238U AR

outside this range as well as anomalous ages with respect to the

range given above (32.4 � 0.9 ka for LMov-3c and 94 � 7 ka for

LMov-1C) and are suspect of either open-system behavior or

addition of material with a nonpedogenic source of uranium.

TABLE 3. PALEOMAGNETIC SUMMARY DATA FROM THE COTTONWOOD AREA SECTION (W–W ′)

Site N/N
0

D I α
95

k

CL-1 5/5 355.3 37.5 7.8 97 
CL-2 4/4 8.3 46.4 12.5 55 
CL-3 4/5 2.4 49.3 8.2 126 
CL-4 3/4 357.4 25.1 14.0 78 

   Note: N/N
0
—number of samples accepted/demagnetized; D and I—declination and inclination of site 

mean, α
95

—cone of 95% statistical confidence about mean, k—precision parameter. 



Figure 5. (A) Roundstone gravels of river
terrace and surficial carbonate soils
(shovel � 50 cm) at northwest end of gy3
terrace, U-series site 3 (Fig. 2). Tool han-
dle (circled) at rim is �50 cm. (B) Loca-
tion of luminescence sample LV-7 from
red silt and sand disconformably overlain
by river gravels of gy2.
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Figure 6. Photogrammetric profile E–E�

(located on Fig. 2) across fluvial terraces
showing diagrammatic geochronology
results and terrace morphology, including
relief of longitudinal ridges. IRSL—
infrared stimulated luminescence; TL—
thermoluminescence.
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Figure 7. (A) Aggradational sequence in erosional reentrant along south
side of lower Las Vegas Wash (on right side of photo). View is to west
with Miocene bedrock in the near-background and Frenchman Mountain
area in far background of upper right. Beds in gravel-rich facies in gray
hills of right center can be traced into light-toned beds of fine-grained
sand and silt in hill to south (left). Tamarisk jungle of foreground and
along Las Vegas Wash approximates high water line of Lake Mead.
Arrow shows location where photo in B was taken. (B) View south from
northwest hill of gravel-rich facies of aggradational sequence in the Las
Vegas Wash area. Luminescence sampling sites are in fine sand to silt
beds of coeval facies of southwest hill, showing approximate infrared-
stimulated luminescence (IRSL) dates of LV-11 (68 ka) and LV-12 (61 ka)
at �50% of saturated moisture levels.

Therefore, dates of 43–68 ka determined in this study are inter-

preted to provide close minimum ages on deposition of the grav-

els forming the terraces. Because the terraces are inset to the

aggradational sequence, even close minimum ages of the pedo-

genic carbonate coats should be younger than the luminescence

age on the aggradational sequence. Taking both the luminescence

and U-series data sets at face value and disregarding other uncer-

tainties of the methods that would explain slight conflicts, the

results tend to support a period of aggradation through ca. 60 ka,

followed by a period of degradation around 50–60 ka. U-series

dates of 142 � 6 and 164 � 7 ka (Table 2) indicate that cemented

gravel under g0 is older than the fy sequence, consistent with the

absence of outcropping fy along its bounding scarp, in contrast

with the sampled sand of fy under the gy2 surface.

OTHER SITES

Las Vegas Wash

Las Vegas Wash joins the course of the lower Colorado River in

Boulder Basin, which is now partially filled by the western part of

Lake Mead (Fig. 1). Along lower Las Vegas Wash, a record of aggra-

dation (Whitney et al., 1988) with similar apparent timing to that of

the nearby lower Colorado River illustrates the potential for some

major tributaries in this region to have contributed to the late Pleis-

tocene regional aggradation of the river system. Las Vegas Wash

drains a large watershed that includes much of the Spring Mountains,

Sheep Range, and Las Vegas Valley, with an extensive Quaternary

record of fan sedimentation and fine-grained deposits associated

with episodic past groundwater discharge (Page et al., 2005).

An aggradational sequence that we investigated on its south

side near and above the high water line of Lake Mead records one

of the many phases of a rich Quaternary geologic history of Las

Vegas Wash (Fig. 7). At this site, eroded badland remnants in a side

canyon south of Las Vegas Wash (Castor et al., 2000; unit Qsg)

show a coarse sandy gravel-rich facies on the north, close to the

canyon-controlled course of Las Vegas Wash. The beds of a

gravel-rich facies, containing abundant subrounded gray lime-

stone pebbles, can be traced southward into planar- to cross-bed-

ded fine sand and silt beds (Fig. 7). We did not observe weathering

breaks within these beds, but some exposures near contacts with

bedrock show stringers of locally derived colluvial gravel inter-

calated with the fine-grained beds. We sampled two silt-rich beds

with �10 m of stratigraphic separation for luminescence dating

(Fig. 7B). An average of IRSL dates for dry and saturated condi-

tions (Table 1) yields ages of ca. 68 ka for the lower sample and

61 ka for the upper sample.

These dates are nominally a few millennia older than our

results at Cottonwood, but, given the uncertainties on the methods

and assumptions, it is plausible that aggradation on Las Vegas Wash

was coeval with that of the lower Colorado River main stem at Cot-

tonwood. The Las Vegas Wash site is notably different from Cot-

tonwood site W–W� in showing a facies change over the short

distance within an eroded remnant, which could be a result of the

contrasting size and nature of the tributary wash and main-stem

river. The altitude of the Las Vegas Wash record here is higher than

the Chemehuevi formation that Longwell (1936) described several

kilometers to the east along the lower Colorado River before it was

impounded by Lake Mead. Because Las Vegas Wash has a steeper

gradient than the modern river, its late Pleistocene aggradational

sequence may have graded to that of the lower Colorado River. The

age estimate for this part of the record of lower Las Vegas Wash also

overlaps the age of fan gravel deposition in Las Vegas Valley (Page

et al., 2005) that preceded later prominent episodes of groundwater

discharge (Quade et al., 1998; Page et al., 2005).

Black Canyon

Rugged Black Canyon, the setting for Hoover Dam, sepa-

rates the more open areas of Boulder Basin (western Lake Mead)
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and Cottonwood Basin. The Colorado River incised Black Can-

yon to spectacularly expose a Miocene extensional terrain (Ander-

son, 1977, 1978) of volcanic and plutonic rocks and synextensional

fanglomerate, megabreccia, and fine-grained sediments between

the Black Mountains east of the canyon and the Eldorado Moun-

tains on the canyon’s west flank. Black Canyon is generally most

narrow and steep in its upper part, and it becomes more open

toward the south. In this steep terrain, erosion has greatly pre-

dominated over deposition, and remnants of the late Pleistocene

aggradational cycle are relatively sparse. We discuss two sites in

Black Canyon that are significant to the aggradational sequence.

Ash Site

On the east side of lower Black Canyon (�35.833°N,

114.6875°W; NAD27), a colluvium-covered badland remnant of

the fine-grained aggradational sequence is exposed in a bedrock-

sheltered side drainage to the canyon (Fig. 8). An �20 m vertical

interval of the incompletely preserved sequence of fine-grained

beds (upper limit at �270 m above sea level) includes a fine white

tephra that is �15 cm thick in its upper part (Fig. 8A). Analysis

of this tephra by the U.S. Geological Survey (USGS) laboratory

(Andrei Sarna-Wojcicki, 2005, written commun.) indicates that it

is geochemically and lithologically similar to other tephras of

probable late Pleistocene age that may have originated from the

Mammoth Mountain area, California. The tephra bed occurs

within a rhythmically bedded sequence of reddish brown mud

beds rich in clay that alternate with tan beds dominated by coarse

silt. Bed thicknesses for a 2.9 m interval centered on the ash 

bed range from 2 to 25 cm thick for the reddish mud and from 1

to 13 cm thick for the tan silt beds. Contacts between beds are gen-

erally abrupt, but clay lamellae were observed to cross into the silt

bed and into the upper part of the ash, consistent with secondary

translocation or partial reworking. Although most beds and con-

tacts are subhorizontal, some minor boudinage and subvertical

pipes were observed where silt beds cut across mud beds (Fig. 8A).

Interpretation of such features might include bioturbation (though

the apparent lack of mixing of the sediment types is evidence

against that) or minor soft-sediment deformation. The rhythmic

bedding is like that which Longwell (1936) described within his

Chemehuevi formation as being similar to varves.

Boulder Beds of Monkey Hole

In contrast to the aforementioned fine-grained beds, there are

boulder beds that are located near the ash site but on the west side

of the river and at a lower altitude (�238 m above sea level). The

apparent thickness of these beds is �8 m (Fig. 9A) where they

overlie and infill bedrock topography of a few meters to over 10 m

of relief. These beds are composed of a mix of locally derived

boulders and cobbles and far-traveled well-rounded Colorado

River gravels that include quartzite, chert, and limestone (Fig. 9B).

The subrounded boulders and cobbles are �40–120 cm in diam-

eter and are of volcanic and plutonic lithology, which indicate that

they were probably derived from erosion of bedrock within Black

Canyon. The gravel beds are located in what is now the lower part

of a side drainage to Black Canyon but which perhaps began as a

main paleochannel of the lower Colorado River (Howard et al.,

this volume). The gravel beds are overlain by fine-grained sandy

sediments, but the nature of the contact is not clear. The boulder

beds thus seem to occur below remnants of a fine-grained sequence,

but whether the gravels represent a basal part of late Pleistocene

aggradation or were deposited much earlier is unknown. Metzger

et al. (1973) reported extensive coarse gravel in the subsurface of

the Parker-Blythe area 200 km downstream, which they considered

to be the basal part of the aggradational sequence of their unit D.

North of Nelsons Landing Site of Blair (1996)

At a site within the transition from the southern Black

Canyon into the more open Cottonwood Valley (�35.743°N,

114.711°W), Blair (1996) discovered a wood fragment within the

aggradational sequence. In this area, remnants of fine reddish

mud and silt-rich beds occur from �228 m to �300 m above sea

level, with a large remnant exposing the upper 32 m of this se-

quence. At the base of this remnant, above the local buttress dis-

conformity with underlying bedrock at �280 m, there are �30 cm

of well-sorted subangular local granule-gravel interbedded with

quartz-rich sand that grades upward into �30 cm of massive 

to finely bedded fine sand and silt in which the fragment of 

wood was included. The wood yielded an AMS date of 35,130 �

440 yr B.P. (Blair, 1996) and did not appear to be an intrusive root.

The sand and silt are overlain by �30 m of reddish mud-rich se-

quence, including rhythmically bedded mud and silt beds, which

are overlain by a few meters of the upper loose sand and local

fan–pediment gravel.

Northern Mohave Valley and Southern Cottonwood Valley

In northern Mohave Valley, near Davis Dam (Fig. 1), Faulds

et al. (2004) and House et al. (2005) mapped and described evi-

dence for three to four intervals of fine-grained aggradation by the

lower Colorado River. Two of these units that comprise their

lower muds of the Chemehuevi beds are separated by a prominent

erosional unconformity within an otherwise thick, flat-bedded se-

quence of mud, silt, and fine sand (cf. Fig. 18 in House et al., 2005).

The composite sequence is homogeneous overall, and the strati-

graphic separation is difficult to resolve where the contact is flat,

but it is traceable over hundreds of meters. Minor discordant con-

tacts are present within the younger sequence but have limited

continuity. This aforementioned composite package of fine-grained

sediments overlies erosional topography and a paleosol formed on

an �20-m-thick bed of bouldery fluvial conglomerate (the con-

glomerate of Laughlin; House et al., 2005) that contains abundant

coarse clasts of locally derived granite mixed with exotic cobbles

and pebbles of the Colorado River. The conglomerate of Laugh-

lin overlies a poorly exposed sequence of flat-lying fine-grained

fluvial sand and mud similar to the deposits overlying the con-

glomerate (the Riverside beds of House et al., 2005). The upper-

most fine-grained deposits are disconformably overlain by a thick

deposit of relatively loose, gravelly sand of the Colorado River

and local alluvial-fan deposits. Near Davis Dam, the overlying
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sandy sequence has an erosional basal contact with 8–10 m of

relief locally, and its surface has been beveled to two prominent

topographic levels by subsequent downcutting along the river.

Fine-grained late Quaternary Colorado River deposits are

less extensive in southern Cottonwood Valley, where most expo-

sures occur in erosional niches in older fan deposits. Paleosols

with stage III carbonate horizons commonly mantle the eroded

substrate and indicate that a long period of subaerial exposure pre-

ceded the aggradation event(s). The Colorado River sediments

are typically overlain along an erosional contact by alluvial-fan

deposits with stage III carbonate soils.

Lower Colorado Valley and Palo Verde Mesa

Below Pyramid Canyon, the river corridor opens (Fig. 1) to

broad alluviated basins of the Needles area and Lake Havasu area

(Howard et al., 2000), which are located between the bedrock

canyons of Topock Gorge and Aubrey Canyon (Parker Dam). The

largest alluviated basin of the lower Colorado River up-valley of the

Salton Tough has been called the Great Colorado Valley (Newberry,

1861; Lee, 1908). It includes areas called the Parker Valley, Palo

Verde Valley, and Cibola Valley (Metzger et al., 1973). The historic

floodplain is underlain by up to 40 m of Holocene aggradational sed-

iment of the lower Colorado River, which includes material that has

yielded 14C dates of ca. 8610, 6250 and 5380 yr B.P. (Metzger et al.,

1973). The historical floodplain is bounded by dissected piedmont

mosaics of various types and ages of Quaternary and Tertiary sedi-

ments (Carr and Dickey, 1980; Dickey et al., 1980; Hamilton, 1964),

Figure 9. (A) Bouldery roundstone gravel beds, �10 m thick (at orange
line in lower right side of figure), overlain by fine-grained deposits, 
near Monkey Hole in Black Canyon. It is not yet known if these are basal
part of late Pleistocene aggradational sequence or are much older. 
(B) Bouldery gravel near Monkey Hole (pick handle �30 cm). Sub-
rounded, locally derived volcanic and plutonic rock types are mixed with
far-traveled exotic roundstone pebbles.

Figure 8. (A) Ash bed (at pick) in fine aggradational sequence within pro-
tected area of Black Canyon. Characteristic rhythmic sediments of clay-
rich red mud beds alternate with coarser, lighter tan beds of coarse silt to
very fine sand. (B) Setting of ash of Figure 8A. Ash horizon is shown by
arrow. Note that colluvial mantle hides the ash where not excavated.



Late Pleistocene aggradation and degradation of the lower Colorado River 425

pied by the Gulf of California (Olmsted et al., 1973).An immense

fan with its head at Yuma was formed by deposition of Colorado

River sediments, and it separates the Salton Sea basin to the north

from the Gulf of California and the modern Colorado River delta

to the south. During the late Holocene, the river episodically

flowed to the Salton Basin to form lake cycles referred to as Lake

Cahuilla (Waters, 1983). The present Salton Sea was similarly

formed in the early twentieth century by an unintended diversion

of the entire river during early irrigation efforts.

The late Pleistocene aggradational sequence extends into the

Salton Trough as Yuma Mesa, which is underlain by the charac-

teristic sequence of red mud and silt capped by quartz-rich sand

and gravel. The capping local sand and gravel are �5 m thick at

an industrial site in Yuma where we collected samples from both

units for luminescence dating (Fig. 11). Luminescence results

(Table 1) on COR-1 Yuma are similar to those from Cottonwood

and Las Vegas Wash. The IRSL date of ca. 40 ka for COR-2 Yuma

is on the upper sand, which may be part of the degradational

sequence. The dates and lithology support the correlation of Yuma

Mesa sediments with the late Pleistocene aggradation sequence

further up the lower Colorado River course.

Figure 10. Palo Verde Mesa northeast of
Blythe, California, underlain by sand and
gravel; sand-rich upper part is over finer-
bedded, red mud–rich lower part.

including remnants of the late Pleistocene aggradational and degra-

dation sequences designated by Metzger as units D and E. The most

extensive remnant of the late Pleistocene river sediments forms part

of Palo Verde Mesa (Fig. 1), which is a nearly continuous terrace

(Johnson and Miller, 1980) between the southern limit of the Big

Maria Mountains and the east piedmont of the Palo Verde Moun-

tains. Exposures along the east edge of the terrace locally show red

brown mud and interbedded silt and sand of the fine-grained se-

quence capped by loose sand and well-rounded Colorado River

gravel, which protects the terrace (Fig. 10).A lower, second terrace

capped by a sandy gravel is locally inset at a grade �20 m above the

modern river (Metzger et al., 1973).

Yuma Area

Below the Cibola Valley, the lower Colorado River traverses

low, partially alluviated bedrock canyons where the Chocolate,

Trigo, and Gila Mountains converge and constrict the river valley

(Fig. 1).Yuma,Arizona, is situated at the opening of the lower Colo-

rado River course into the Salton Trough, which forms the north

end of the transtensional basin and plate boundary system occu-

Figure 11. Yuma Mesa sampling site:
lower, fine red mud beds (COR-1 Yuma)
are overlain by light-toned gravelly sand
(COR-2 Yuma). Field of view across
width of photo is about 20 m.



426 Lundstrom et al.

0

100

200

300

400

500

600

700

-100 0 100 200 300 400 500 600

river miles from US/Mexico line

a
lt

it
u

d
e
 i

n
 m

e
te

rs

Lake Mead

Lake Mojave

Lake Havasu

Imperial Reservoir

Toroweap 

lava dam area

Pch

V

Bo

IW

       Canyons:

Pch - Picacho

A- Aubrey

T -  Topock

Py - Pyramid

Bl - Black

Bo- Boulder

V- Virgin

IW - Iceberg

GWC-Grand                        

         Wash Cliffs

   A

T

Py

Bl

        Grand              CanyonGWC

top of fy

historic river grade (1902,1922 surveys)

gy terraces

undivided older fluvial deposits

paleochannels of Howard et al., this volume  

sites:

LV    Las Vegas Wash

B     Black Canyon ash

N    Blair 1996 C14

C    Cottonwood

Y     Yuma Mesa

LV

BN

C

Y

Figure 12. Altitude profile of lower Colo-
rado River, including modern dams, his-
toric predam river, and remnants of upper
limit of inferred late Pleistocene aggrada-
tional sequence and degradational ter-
races, which are both inset within older
Colorado sequences and paleochannels.
All points are projected onto the mileage
points of the historic predam river sur-
veys (USGS, 1924, 1927). Altitudes of
remnants were obtained from topographic
maps, and thus they have an error on the
order of the contour interval.

LONGITUDINAL PROFILE

We have reconstructed a longitudinal profile of the late Pleis-

tocene Colorado River based on the previously described sites

and other similar features observed during reconnaissance of the

lower Colorado River region (Fig. 12). These features, along with

the historic river elevation are projected onto the historic river

mileage of predam surveys (USGS, 1924, 1927). At the sampling

interval used here (�15 km) and considered in an upstream direc-

tion, the historic river had a fairly smooth gradient of �0.0003

below Black Canyon, which increases twofold (0.0006) through

the area of central Lake Mead, and then averages more than a

twofold increase through the lower Grand Canyon (�0.0015).

The top of the late Pleistocene aggradational sequence is �100 m

above historic grade in the Black Canyon, and it slopes at about

twice the historic grade toward Topock Gorge. Although the gra-

dient of the top of the aggradational sequence continues to de-

crease downstream, it remains above and steeper than the modern

and historic river grade, so that Yuma Mesa is only �20 m above

the historic floodplain. Points plotted for older sequences and

paleochannels (Howard et al., this volume) suggest steeper past

gradients than that of the late Pleistocene. These results contrast

to interpretations by Metzger et al. (1973, p. G31–34), who pro-

posed that the slopes of various earlier sequences were largely

parallel to the grade of the modern river.

Uncertainties on altitude measurements have to be consid-

ered. There is a greater southward preservation of little-dissected

mesas held up by the upper sand and gravel, as at Yuma Mesa and

Palo Verde Mesa, relative to the north end of the area, where such

mesas do not exist. This may be related to the greater depth of

excavation of the river system below the aggradational top in the

north, a factor driving more extensive erosional dissection, espe-

cially of easily eroded fine-grained material. Thus, altitude mea-

surements were made on erosional remnants that are increasingly

sparse to the north, and where a close approximation to the pre-

served original top to the aggradational sequence is less likely.

Moreover, the interpretation of a disconformity at the base of the

gravelly sand that overlies the fine mud-rich unit, if that is the case

all the way to Yuma, means that none of the original upper limit

of aggradation is preserved. Another consideration is that altitude

measurements for this work were made using topographic map

control. Ongoing work (Malmon et al., 2007) using high-resolu-

tion global positioning system (GPS) will provide much better

control on both location and altitude.

DISCUSSION

The late Pleistocene record of the lower Colorado River con-

strains the interpretation of contrasting sedimentary environ-

ments and merits discussion of a range of possible causes for the

large amount of aggradation.

Sedimentary Environments

There is a marked contrast in the fine-grained nature of much

of the aggradational sequence and that of the more coarse-grained

degradational record, which is partly related to the energy of the

local depositional environments.
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Aggradational Sequence

A causative explanation for the characteristics of the aggra-

dational sediments, especially their fine-grained nature, has been

enigmatic and is a problem not unique to the lower Colorado

River (Leopold et al., 1964, p. 438–441). Longwell (1936, 1963)

noted the varve-like and lacustrine nature of his Chemehuevis for-

mation of the lower Colorado but also noted that it was problem-

atic to identify or invoke downstream dams such as landslides or

lava flows that could have formed lakes as extensive as needed.

The problem may be resolved if the aggradation of the river sys-

tem itself provided barriers to marginal tributary drainage sys-

tems. The position of the river and locus of fluvial sedimentation

was constrained by the basic geography of basins, ranges, and

canyons, which is the legacy of longer-term geologic history

(Howard and Bohannon, 2001; Spencer et al., this volume).

Aggradation of the river bed was accompanied by concurrent

levee sedimentation at channel margins. Some of the tributary

drainages were thus dammed by main-stem aggradation. Periodic

overtopping and breaching of levees during continued aggrada-

tion of the system provided most of the water and sediment for

the maintenance of levee-marginal lakes and for rhythmic fine-

grained sedimentation within them.

This basic sedimentary model has long been invoked to

explain fine-grained sediments in tributary valleys to main-stem

reaches of the Mississippi River system, especially along the

Ohio and lower Wabash Rivers during glacial outwash sedimen-

tation from the late Pleistocene Laurentide Ice Sheet (Shaw,

1911; Thornbury, 1950). There, fine-grained tributary valley fills

are largely intact and little-dissected, and main stem–marginal

levee systems are locally preserved. Such preservation is not the

case along the lower Colorado, where the evidence of the main

aggradational channel or channels and levee system has been

removed during more recent degradation, along with most of the

marginal valley fills except for remnants preserved in the mod-

ern landscape.

In the context of the model presented herein, the apparent

continuity of sedimentation within much of the aggradational

fine beds is significant. There is local evidence for bioturbation

(Blair, 1996), buried soils (House et al., 2005), and at least one

major mud-on-mud channel unconformity within the aggrada-

tional sequence (near Davis Dam; House et al., 2005). Such dis-

conformities are rare and significant exceptions to the commonly

observed stratigraphic continuity at outcrop scale within the fine-

bedded sequence that supports steady aggradation. The common

sharp bedding contacts in fine-grained rhythmites (e.g., Fig. 8)

are evidence for continuity of submergence, and for sufficient

rates of low-energy sedimentation and associated aggradation to

preclude bioturbation and other mixing processes that typically

act rapidly on exposed sediments. In addition, our paleomagnetic

tests for secular variation are consistent with rapid sedimentation,

but the rate cannot be quantified in the absence of a secular vari-

ation record established for this time interval and location.

The fine-grained aggradational sequence of Cottonwood

Valley and elsewhere somewhat resembles fine-grained palus-

trine deposits of the northern Las Vegas Valley and many other

valleys of the surrounding region (Quade et al., 1998; Page et al.,

2005), but there are significant differences. Most of the fine-

grained Colorado River deposits differ from palustrine deposits

by their paucity or lack of aquatic and terrestrial fossils, which are

typically abundant in palustrine deposits (especially mollusks,

root casts, and burrows); by the paucity of buried soils, which are

common in palustrine deposits; and by fine rhythmic sedimenta-

tion in quartz-rich sand and red mud, all of which are absent in

most palustrine deposits (in which muds are typically greenish-

gray). However, in the Colorado River valley north of Needles

and east of the river, mollusk shells occur in reddish fine-grained

sediments that are located along the trend of the monocline that

deforms Quaternary sediment in that area (House et al., 2005).

These may be palustrine sediments that are only incidentally

related to the river aggradational sequence we consider here, but

further testing is warranted.

Coarse gravel deposits locally underlie the fine-grained

sequence, such as the boulder beds of Monkey Hole and gravel

in the subsurface of unit D (Metzger et al., 1973). If such gravel

beds are a basal part of the same aggradational sequence, a mech-

anism of transformation of flow regime and sedimentation

energy is needed. Such a mechanism is not explained by the lat-

eral ponding model during aggradation that is plausible for the

fine-grained sequence.

Degradation

Remnants of the fine-grained sequence are usually sharply and

disconformably overlain by coarser sediments of the Colorado

River and/or local gravelly fan sediments. The Colorado River

sediments that overlie the fine-grained sequence range from mostly

sand with some gravel, as in the upper part of section W–W�

(Fig. 3), to mostly gravel that forms terraces, such as in the Cotton-

wood area east of the river (Figs. 2, 5, and 6). Metzger et al. (1973)

interpreted their sand-rich unit E to indicate that the Colorado River

was in a degradational mode, as supported by the basal disconfor-

mity with the underlying fine-grained sequence and the locally

large altitude range of the disconformity for various remnants that

occur within latitudinally restricted reaches of the river system.

However, unit E remnants over 10 m thick, such as at W–W�, indi-

cate that significant pulses of aggradation punctuated the general

trend of degradation that followed unit D sedimentation (Fig. 3).

We interpret our U-series dates as potentially close minimum ages

on gravel terraces associated with degradation, and they are

largely concordant with the older range of luminescence dates on

the underlying aggradational sequence. Thus, the record indicates

that the river aggraded rapidly and increased its slope possibly to

the point of crossing a geomorphic threshold that initiated down-

cutting. This would be an example of a complex response of geo-

morphic systems (Schumm, 1977; Bull, 1991).

Large flood events during degradation are indicated by the

characteristics of the terraces. The gravel terraces of the eastern

Cottonwood area have the form of pendant bars (Baker, 1973)

below a bedrock prominence, which suggests that their deposition
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and formation occurred during flow separation of very large flood

events that punctuated the overall degradational interval.

Driving Factors for Aggradation and Degradation

Many previous workers (e.g., Longwell, 1936; Faulds, 1995,

1996; Blair, 1996) have recognized that sediments of the lower

Colorado River are characterized by an abundance of quartz and,

for the aggradational sequence of this paper, by abundant red mud.

The abundance of quartz in Colorado River sediments is also in-

dicated by thermal properties discernible by remote-sensing meth-

ods (Howard et al., this volume). We interpret these characteristics

to indicate that much of the lower Colorado River sediments in 

the Basin and Range Province were derived from the Colorado

Plateau. The largely semiarid Colorado Plateau has extensive ex-

posures of quartz-rich sandstones and red beds including mud-

stones; it has moderate to high relief; and it comprises over half of

the area of the Colorado River basin. Indeed, the historic sediment

load (predam) of the river was largely derived from the Colorado

Plateau (Andrews, 1990). In contrast, most of the water discharge

is derived from the Rocky Mountains, mainly as snowmelt. The in-

ference that Pleistocene sediments of sand and finer size were also

largely derived from the Colorado Plateau should be considered in

the following discussion of drivers of change in sediment yield.

Aggradation along a river occurs when more sediment is

transported into a given reach than out of it. Competence and

capacity are positive functions of gradient and discharge (e.g.,

Leopold et al., 1964). The Colorado River decreases in gradient

downstream like most rivers, but the transition of the high gradi-

ent through the Grand Canyon into the low gradient through the

Basin and Range Province is especially pronounced (Fig. 12) and

potentially significant. In contrast to rivers of humid regions, the

historic and modern Colorado gains little discharge over its lower

reach across the deserts of the Basin and Range and is locally a

losing stream through some basins. Though the cooler climate

states of the late Pleistocene probably tended to increase effective

moisture over the modern arid and semiarid regions, we infer that

the low to flat downstream increase of discharge over the lower

river was qualitatively similar for the late Pleistocene. The

marked decrease in gradient and lack of significant increase in

water discharge in a downstream direction combine to make the

lower Colorado River particularly conducive to aggradation dur-

ing increases in sediment flux. Therefore, increases in sediment

supply, especially from the extensive and very erodible terrain of

the Colorado Plateau, can be a principal driver of aggradation by

the lower river. Various driving mechanisms to increase sediment

yield are broadly classified as exogenic or endogenic.

Climate-Related (Exogenic) Factors

Sediment yield is a complex function of numerous interact-

ing mechanisms; many of these are related to climate. Climate his-

tory modulates ecology and vegetation to affect sediment yield,

especially over a setting such as the Colorado Plateau. Fire history,

which can be related to drought history and intensity, is well

known to affect sediment yield from forested areas prone to fire.

In modern conditions, both the Rocky Mountains and the highest

parts of the Colorado Plateau (e.g., Markagunt, Sevier, Aquarius,

Kaibab, Tavaputs Plateaus) host extensive fire-prone forests. Dur-

ing some late Pleistocene climate conditions, forest areas prone to

fire could have been more extensive than modern (cf. Pierce et al.,

2004). The seasonality, frequency, and intensity of rainfall by con-

vective and frontal storm systems can affect sediment yield. The

extensive occurrence of expansive shales and interbedded sand-

stone accounts for extensive landslide terrains in the Colorado

Plateau and southern Rocky Mountain region. Effectively wetter

climate states tend to increase the activity of such landslide ter-

rains and increase their sediment yield. Agreater intensity of cold-

season processes during Pleistocene climate states colder than

present could have increased sediment yield. There is a large and

growing body of paleoclimatic evidence for a great amount of cli-

matic variability in the American Southwest during the late Pleisto-

cene (Keigwin and Jones, 1990; Spaulding et al., 1983; Thompson

et al., 1993), including its early and middle parts (e.g., Bradbury,

1997). Certain aspects and combinations of climate variability in

concert with the aforementioned processes could have significantly

increased sediment supply to the lower Colorado River system.

Although glaciers are well known to be prolific sediment

producers, and Rocky Mountain headwater regions were exten-

sively glaciated in the late Pleistocene, it should not be assumed

that glacial sediment accounts for the bulk of the increased sedi-

ment supply and aggradation of the lower Colorado River. Most

of the Colorado Plateau was not glaciated during the Pleistocene,

with the Sierra La Sal, and Boulder/Aquarius, Fishlake, and

Sevier Plateaus being notable exceptions (Porter et al., 1983).

These glaciated areas and the more extensively glaciated parts of

the Rocky Mountains are generally not quartz-dominant, with the

exception of the Uinta Mountains. These relations support but do

not prove the general inference that most of the quartz-rich sedi-

ment and red mud of late Pleistocene aggradational sediment was

derived from the Colorado Plateau and not from most of the

Rocky Mountains. 

Rocky Mountain glaciation likely affected the streamflow

regime, however, because increased glaciation tends to increase

the amount and especially the peak seasonal intensity of stream-

flow (Meier, 1990). Such enhanced streamflow regimes with

capacity greater than coeval sediment yields could have driven the

degradation that followed aggradational periods. Consistent with

this, our geochronology does not indicate major aggradation or

terrace-forming pulses around the timing of the Last Glacial Maxi-

mum, broadly considered here to have occurred ca. 20–30 ka.

A comparison of our results below Grand Canyon to recent

work in the eastern Grand Canyon (Anders et al., 2005; Pederson

et al., 2006) shows interesting similarities and differences. The

timing of fine-grained aggradation of the lower Colorado River

below the Grand Canyon is broadly similar to that of unit M3 of

Anders et al. (2005), a coarse main-stem river gravel and sand.

The local difference in the grade of unit M3 above the modern

river is less pronounced than parts of the potentially correlative
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sequence below the Grand Canyon. The grade relations could be

a function of the control on Holocene riverbed elevation by

debris-flow activity in the Grand Canyon (Webb et al., 1989).

Consistent with the degradational record of the lower Colorado

River below the Grand Canyon that occurs soon after the aggra-

dational episode, there does not appear to be a record of gravel

aggradation or terrace formation along the lower Colorado River,

whether in the Grand Canyon or below it, during the time of ca.

20–30 ka, which included the Last Glacial Maximum. Though

prominent outwash terrace gravels were deposited much closer to

the paleoglacial sources during this period, the lower Colorado

River at this time was apparently dominated by main-stem degra-

dation and erosion, and it had high stream power (Bull, 1991)

relative to its sediment supply at that time.

Endogenic Factors

There are at least two salient endogenic factors that we con-

sider to be potentially significant to late Pleistocene sediment

yield of the lower Colorado River. The first is the occurrence of

Pleistocene lava dams in the western Grand Canyon. Hamblin

(1994) documented the occurrence of over 12 lava dams in the

western Grand Canyon with heights ranging from �70 m to over

700 m. K-Ar dates on these dams range from 1.2 Ma to 0.14 Ma,

but these dates could have substantial errors due to the complicat-

ing uncertainties of initial Ar for rocks of this age range. More

recent work including Ar/Ar dating indicates dates in the range of

ca. 100–630 ka (McIntosh et al., 2002; Pederson et al., 2002).

Fenton et al. (2002) applied cosmogenic 3He methods to obtain

younger ages, including clustered ages in the late Pleistocene on

associated lava flows, and interpreted outburst flood deposits.

They also favored a model for rapid destruction of lava dams that

contrasts significantly with that described by Hamblin, who pre-

sented a model of dams lasting long enough to fill with water and

sediment before being destroyed by knickpoint retreat. For the

largest dam, his estimated sediment fill time, based on predam

historic sediment flux, was only �3000 yr. The difference in the

two models is significant to the potential for late Pleistocene sed-

iment yield to the lower Colorado River below the Grand Canyon

because the model of Fenton et al. (2002) does not allow for sig-

nificant sediment storage behind the lava dam.

The natural “decommissioning” of a sediment-filled lava

dam would supply a large amount of sediment to the lower Colo-

rado River. There are two types of geologic evidence that provide

support for Hamblin’s model for at least some of the lava dams,

although the part of his model invoking catastrophic failure could

be modified to a less catastrophic erosion of a lava dam wedge.

One line of evidence is the occurrence of intracanyon lava-flow

remnants for tens of kilometers down canyon from the area of the

basaltic eruptive centers that created the lava dams (Hamblin,

1994; Billingsley and Wellmeyer, 2003; Billingsley et al., 1996;

Wenrich et al., 1996, 1997). These flow remnants are evidence

that lava damming had halted river flow enough for a lava flow

to advance for over 20 km down the canyon without creating a

mass of easily eroded palagonitic breccia, which would have been

created by interaction of a lava flow with a sustained river flow.

In addition, we suggest here that some of the features interpreted

by Fenton et al. (2002) as lava dam outburst flood deposits instead

are possibly a type of volcaniclastic apron that formed on the

down-canyon side of intact lava dams. Like the down-canyon

lava flows, our interpretation of these deposits supports the

hypothesis that the dams were intact long enough to fill with sed-

iment. The features that we suggest are volcaniclastic aprons con-

sist of well-cemented matrix-supported coarse conglomerates and

breccias composed almost entirely of basaltic clasts and basaltic

sand. Similar basaltic gravel and sand are described by Lucchitta

et al. (2000). Fenton et al.’s (2002) model implies that outburst

events were unable to remove this material, which would have

had to rapidly cement in place, and that virtually no mixing with

nonbasaltic sediment occurred during the flood event that they

relate to these monolithologic basaltic sediments. The youngest

dam of ca. 100 ka in age (Fenton et al., 2001, 2004; McIntosh 

et al., 2002) is at least 30 k.y. older than the period of aggradation

on the lower Colorado River (assuming all dates, including the

ones in this paper, do not have larger errors), but if there was a

time lag for lava dam destruction and reworking of its sediment

fill, such sediment, especially in combination with exogenic fac-

tors, could have contributed to this aggradation. Thus, lava dams

should not yet be ruled out as a potential factor in sediment yield.

The other endogenic factor that is potentially significant to

the record of late Pleistocene aggradation of the lower Colorado

River is regional uplift. This is unlikely to have been a driving

force of late Pleistocene aggradation. However, regional uplift

with a northward increasing component could have added a tec-

tonic component of gradient to that of the original depositional

gradient, similar to that invoked by Lucchitta (1979) over a longer

time scale (but Luchitta’s constraints on uplift were questioned by

Spencer and Patchett, 1997). If not insignificant, such an effect

would have to be subtracted from the observed gradient to esti-

mate the original depositional gradient (cf. Pederson et al., 2002).

CONCLUSIONS

The distribution of distinctive late Pleistocene fine-grained

sediments along the lower Colorado River indicates that major

aggradation occurred along the river, and it constrains a smooth

gradient that was steeper than that of the historic river. Results

from luminescence analyses of deposits from the Cottonwood

area and other sites indicate that some and perhaps all of this

aggradation occurred during the middle part of the late Pleis-

tocene: collective uncertainties on methods and assumptions indi-

cate the aggradation occurred in the range of ca. 40–70 ka. The

low-energy depositional environments can be explained by sedi-

mentation in flanking basins that were ponded between levees of

an aggrading main-stem river and existing valley slopes. Tribu-

taries contributed significant coeval, locally derived sediment to

the aggrading river system. There are numerous factors that may

have favored significant late Pleistocene sediment yield and

aggradation of the lower Colorado River, including factors related
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to climate, as well as relations to late Pleistocene lava dams in the

Grand Canyon. Closely following late Pleistocene aggradation, a

general trend of degradation, punctuated by episodic terrace

gravel deposition, lowered the river below its historic grade prior

to Holocene aggradation to the level of the historic floodplains.
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