
ISOTOPIC EVIDENCE FOR SOUTH PLATTE RIVER AND BEDROCK SOURCES FOR EASTERN 
COLORADO DUNE FIELDS.  J.N. Aleinikoff1 and D.R. Muhs2, 1U.S. Geological Survey, MS 963, Box 25046, 
Federal Center, Denver CO 80225 (jaleinikoff@usgs.gov), 2U.S. Geological Survey, MS 980, Box 25046, Federal 
Center, Denver, CO (dmuhs@usgs.gov). 

 
 
Introduction:  One of the requirements for the 

development of sand dunes and sand seas is an ample 
supply of loose, unconsolidated sand. Many 
investigators [1], [2], [3], [4], [5] have emphasized the 
importance of fluvial sediments as sources for dune 
growth, because such particles are loose, well-sorted, 
and available for eolian entrainment from channel bars 
and at least temporarily unvegetated floodplains.  Less 
certain is the role that direct eolian entrainment of 
bedrock sources can play in dune origins.  However, 
for planetary geologic studies, this process is important 
to consider because fluvial sources may not be 
available in extraterrestrial settings.  Here we report 
new isotopic and geochemical data on the complex 
role played by the South Platte River and bedrock 
sources in the origin of dune fields in northeastern 
Colorado. 

Study Area:  Holocene and Pleistocene eolian 
sand is extensive in northeastern Colorado and covers 
an estimated 12,000 km2.  In the westernmost part of 
this region, two dune fields are situated north (Greeley) 
and south (Fort Morgan) of the South Platte River (Fig. 
1).  Winds are dominantly from the northwest at 
present and apparently were similar during much or all 
of the Holocene.  Thus, we hypothesize that the Fort 
Morgan dune field originated from South Platte River 
sediments.  The origin of the Greeley dune field is less 
apparent because of its location upwind of the South 
Platte River.  Nevertheless, late Holocene paleowinds 
in this dune field were from the northwest, similar to 
the Fort Morgan dune field.  A possible source for the 
Greeley dune field is sand from the Cretaceous 
Laramie Formation, a mineralogically mature 
sandstone that crops out extensively to the northwest 
of the dunes [6].  We test this hypothesis here.   

Methods:  Detrital zircons were separated from 
samples of eolian sands of the Fort Morgan and 
Greeley dune fields and from fine-to-medium sands of 
the South Platte River and the Laramie Formation.  U-
Pb microanalysis by sensitive high resolution ion 
microprobe (SHRIMP) provides ages of individual 
zircons.  The spectrum of U-Pb ages of detrital zircons 
from each provenance is a “fingerprint” that can be 
used to identify source(s) of sand in dune fields  [7].  
In addition, we conducted major element geochemical 
analyses of sands from the source sediments and dune 
fields, which reflect the bulk mineralogy in each 
sediment body. 

Results: U-Pb ages of zircons from the South 
Platte River and Laramie Formation (two potential 
sources) are distinctive (Fig. 2).  The South Platte 
River and tributaries head in Precambrian crystalline 
rocks of the Front Range.  As expected, South Platte 
River sediments contain zircons derived from the three 
major Precambrian igneous rock suites that make up 
much of the Front Range, including rocks that are   
~1.7 Ga (Routt suite), ~1.4 Ga (Berthoud suite), and 
~1.0 Ga (Pikes Peak batholith).  Tertiary-age zircons 
are also present.  In contrast, the Laramie Formation 
lacks zircons derived from the Pikes Peak batholith, 
but does contain 1.7 Ga, 1.4 Ga, and Tertiary zircons.  
Zircons from the Fort Morgan dune field have an age 
spectrum that is very similar to ages of zircons from 
South Platte River sands, confirming the fluvial source 
of this dune field.  The Greeley dune field, however, 
has a zircon age spectrum that more closely matches 
that of the Laramie Formation, highlighted by the lack 
of ~1.0 Ga zircons.  

Mineralogical data, derived from major element 
geochemistry, support the interpretations of dune field 
origins from the U-Pb zircon ages (Fig. 3).  On 
geochemical plots, SiO2 is a proxy for quartz, and 
K2O+Na2O+Al2O3 is a proxy for plagioclase and K-
feldspar, the dominant minerals in most dune fields.  
Although eolian sand from the Fort Morgan dune field 
overlaps the compositional field of the Laramie 
Formation slightly, most of the dune samples plot well 
within the field of feldspar-rich South Platte River 
sands.  In contrast, sands from the Greeley dune field 
all plot within the field for the quartz-rich Laramie 
Formation and outside the field for the South Platte 
River.  Sands from both dune fields fall outside the 
range of the feldspar-rich Ogallala Formation, another 
potential bedrock source. 

Discussion and Conclusions: Results presented 
here show that adjacent dune fields that formed at the 
same time and under similar wind conditions can have 
very different origins.  The Fort Morgan dune field 
was derived from a major fluvial source, the South 
Platte River that is immediately upwind, whereas the 
Greeley dune field apparently received little or no 
input from the South Platte. The Laramie Formation 
apparently was the major source for the Greeley dune 
field, thus documenting that bedrock sources can 
supply sediment to eolian sand bodies.  Where we have 
examined it in the field, the Laramie Formation is 
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weakly consolidated and often weathered to residuum, 
which may account for the ease of its entrainment.  We 
note that the South Platte River played a role in the 
origin of the Greeley dune field in an opposite sense of 
the Fort Morgan dune field.  Downwind growth and 
migration of the Greeley dune field may have been 
stopped by the presence of the South Platte River 
valley.  Filling of river valleys and even formation of 
dune dams have both been documented in Nebraska 
[8].  In northeastern Colorado, however, while the 
South Platte River served as a source for the Fort 
Mogran dunes, it supplied little or nothing to the 
Greeley dunes.  Identification of a non-fluvial source 
for a dune field (Greeley) is unusual and has 
significance for dune fields on other planets, where 
fluvial sources either do not exist or have not been 
capable of supplying sediment for a long time. 
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