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B83 Assessing the Utility of Detrital Quartz Surface Textures and Feldspar Mineral
Chemistry for Forensic and Intelligence Applications

Jack Hietpas, PhD*, FBI-ORISE, 2501 Investigation Parkway, Quantico, VA 22135; JenaMarie Baldaino, BS, 5012 Coachmans
Carriage Terrace, Glen Allen, VA 23059, JoAnn Buscaglia, PhD, FBI Laboratory, CFSRU, 2501 Investigation Parkway, Quantico, VA
22135; Garrett McMahon, BS, ORISE-FBI, 2501 Investigation Parkway, Quantico, VA 22135, and Libby A. Stern, PhD, FBI Laboratory
- CFSRU, 2501 Investigation Parkway, Quantico, VA 22135

After attending this presentation, attendees will better understand the strengths and limitations of the light mineral fraction of soils
as metrics for the characterization and discrimination of soil and dust samples.

This presentation will impact the forensic science community by demonstrating the techniques for the exploitation of quartz and
feldspar as quantitative methods for the characterization of soil evidence, which may provide valuable prosecutorial evidence as well as
lead identification for forensic investigations and intelligence purposes.

The mineral assemblages in soils are commonly utilized to make associations between people, objects, and locations. For forensic
and provenance studies, the light mineral fraction (p<2.9g/cm3) of soils is not considered to be as discriminating as the heavy mineral
fraction (p>2.9g/cm3); however, the light minerals typically account for 90%-99% of the fine-to-coarse (>50um) mineral fraction and
are, therefore, more likely to be present in sufficient quantity in the very small (<<1g) sample sizes commonly encountered in casework.
The goal of this research was to investigate metrics to exploit potentially valuable information from the more abundant light mineral
fraction of soils. To this end, 11 surface soil samples were collected from regions with distinct bedrock/surface geology, ecoregion,
and physiography. This project investigated the two most common minerals in the light fraction of soils and sediments (quartz and
feldspar). Interpretation of quartz surface textures using high-resolution Scanning Electron Microscopy (SEM) can be used to constrain
environmental (littoral, subaqueous, eolian, among others) and petrogenetic (sedimentary, igneous, and metamorphic) origins.!

In addition, the major element composition of the detrital feldspar minerals was measured using quantitative SEM Silicon Drift
Detector-Energy-Dispersive X-Ray Spectroscopy (SDD-EDS). The elemental composition of feldspar is highly variable and is closely
related to the rock type from which it formed and thus may be used to infer the source rock type from which these minerals were derived.**
Isolated grains were embedded in epoxy and subsequently ground and polished to expose the interior of the grains; quantitative analysis
was performed using Desktop Spectrum Analyzer (DTSA-II), an open-source software package available from the National Institute
of Standards and Technology (NIST). Smithsonian Institution mineral and glass standards were used for calibration and as reference
spectra for quantitative analysis.

Preliminary results show that the quartz surface textures (n=30-40 grains/sample) can be used to distinguish between several
of the analyzed soil samples. In addition, the observed quartz surface textures correlate well with the geological and environmental
settings from which the soils were collected. The elemental composition of isolated detrital feldspar grains (n=50-100 grains/sample)
provided valuable information concerning the identity of the eroding local bedrock from which the soils were derived; however,
several of the samples in this limited collection did not contain a sufficient number of feldspar grains for a meaningful, robust bedrock
(source) assessment. The results from this research may provide new metrics and information for domestic criminal investigations and
intelligence purposes.
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