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ABSTRACT

 Application of new analytical methods has refined interpretations of the Ree 
Heights Site, a fossil fish locality known for more than a century. Recovery of 
additional specimens, made possible by the generous permission of the Fawcett 
family, owners of the site, enabled Rare Earth Element (REE) testing of the 
sediments and fossils. Utility of REE analysis, previously established for marine 
sediments, can now be extended to non-marine environments, such as lacustrine 
settings. Results have been compared to the Fossil Lake site in Oregon and the 
Dungannon Site in Virginia, and much different REE signatures were deter-
mined among these three freshwater Pleistocene deposits. These REE signature 
variations reflect differences in the environment during diagenesis and can be 
used to interpret differences in the paleoenvironment. 
 Although previously correlated stratigraphically to the Cary Substage of the 
Wisconsinan Glacial Stage, the Ree Heights deposits have not as yet received an 
absolute date determination. Significant alteration of the fossil fish bones has 
precluded radiocarbon testing.
 Most of the species reported from Ree Heights are extant taxa. Renewed 
investigations are likely to add new records of species that are still living within 
the region.

REE HEIGHTS FOSSIL LOCALITY

 Known for more than a century, the unique deposit at Ree Heights, South 
Dakota, continues to produce Pleistocene fish fossils of considerable interest. 
Previous investigations have emphasized the identification of the fish fauna, pa-
leoenvironmental interpretations of the lacustrine environment, and the general 
age determination. While all of these aspects remain of interest, our renewed 
investigations seek to provide detailed geochemistry of the deposit in compari-
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son to other known lacustrine sediments of the Pleistocene epoch. We also seek 
to refine the age determinations, in order to place the site accurately within the 
spectrum of glacial advances and retreats. New techniques of instrumentation 
make these analyses possible, most notably the testing of the fossil bone and 
sediment for Rare Earth Elements (REE).
 The Ree Heights fossil site is located in Hand County, South Dakota on the 
property of Leonard and Dorothy Fawcett, who for many years have generously 
permitted access to the site for the sake of scientific investigations. The site is in 
the southwest quarter of Section 21, Township 111 North, Range 70 West. The 
specific deposit is a remnant of Pleistocene sediment on top of a hill. The geol-
ogy was described in detail by Ossian (1973), who performed the most extensive 
investigations of the site as a doctoral dissertation.
 However, the first report of fossil fish specimens from the site was by Cope 
(1891). It was then thought that the site was of Tertiary age, and inaccuracies 
and misinterpretations resulted. Various other expeditions have since collected 
at the site, as reviewed by Ossian (1973). By the middle of the Twentieth Cen-
tury, many specimens were in repository in various collections, and the age was 
determined to be Pleistocene. The investigation of Ossian (1973) resulted in a 
detailed faunal list and geological interpretations of the deposit itself. It was cor-
related to the Cary Substage of the Wisconsinan Stage on stratigraphic evidence. 
No subsequent investigation has challenged this determination, although the site 
has been reviewed various times (Pinsof, 1985).

CURRENT INVESTIGATIONS

 Our investigations began in 2004, with additional collecting in 2005. We 
seek to perform detailed geochemical testing, to increase the faunal list for the 
site, and also hoped to obtain a radiocarbon date for the deposit. The latter has 
not yet been achieved, because preliminary testing indicated that the fragile fossil 
fish bone had been contaminated with carbon during diagenesis. We continue to 
seek ways in which an absolute date may be obtained. Preparation and identifica-
tion of the newly collected specimens continues. This report deals with the Rare 
Earth Element (REE) testing, which was successful. 

REE IN FOSSIL BONES: GENERAL PRESUMPTIONS

 Recent bones have concentrations of <20ppm REE; fossil bones can have 
concentrations as high as 20,000ppm. There is no evidence to suggest that 
concentrations in recent bone are affected by diet, species, phylogeny, or type of 
bone. REE are introduced during early diagenesis within a few thousand years 
post mortem. The stable REE signatures therefore seem to reflect the composi-
tion of pore waters during early diagenesis. REE in fossils record average sig-
natures of water in depositional/early diagenetic environment and can be used 
in the interpretation of paleoenvironments. REE signatures in vertebrate fossils 
within lithostratigraphic members/units generally are characteristic of each unit 
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and can thus be used to identify lithostratigraphic units for the purposes of pro-
venience determination and stratigraphic correlation.
          

REE HEIGHTS RARE EARTH ELEMENT RESULTS

 REE signature results are depicted in Figure 1 in comparison with test results 
from other sites determined to be of lacustrine origin. REE signatures indicate 
different depositional environments. Differences in the REE geochemistry of the 
fossil vertebrate material reflect differences in the availability of the elements in 
water mass during early diagenesis (Patrick et al., 2004). The samples from Ree 
Heights are from the same unit and thus show similar signatures. Further testing 
of sediments at the site may show distinctions among strata. Concentrations are 
lower in the Ree Heights sample than for the other sites shown by comparison. 
This is an artifact of sampling. The interpretation of the signatures is by compari-
son of the elements with one another.
 Using three representative rare earth elements, the concentration signatures 
may also be shown graphically for the freshwater sediments thus far tested. The 
three end members, gadolinium, neodymium, and yterrbium, are transition 
lanthanide series elements. The Ree Heights samples show equal mixing of them 
(Figure 2). This is believed to correspond to the field of circum-neutral waters 
and/or limestone dissolution. Fossil Lake samples show a mixing of two waters, 
indicating an evolution of waters during early diagenesis.

Figure 1: NASC-normalized REE signatures from lacustrine samples graphed in standard form as 
described by Patrick et al. (2004). The y-axis is log (REE/NASC), Rare Earth Element Content/
North American Shale Composite.
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Figure 2. Triangular diagram of NASC-normalized values of Yb (a heavy rare earth), Gd (a middle 
rare earth), and Pr (a light rare earth), in standard form as described by Patrick et al. (2004). Axes 
are relative percentages, and relative enrichments are at each vertex. 
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