
Appendix D 

Neutron Activation Analysis Data
Michael D. Glascock and Robert J. Speakman 

The rock samples and artifacts were ground into powders by Brent Miller at the University of 
North Carolina at Chapel Hill using an aluminum-oxide shatter box. The samples were then 
shipped to MURR in powdered form.

Once at MURR, approximately 350 mg aliquots of rock powder were placed in glass vials 
and oven-dried at 105°C for 24 hours before weighing.  Portions weighing 150 mg each were 
weighed into clean 0.4-dram polyvials used for short irradiations at MURR. At the same time, a 
sample weighing 200 mg was weighed into the clean high-purity quartz vials used for long 
irradiations at MURR. Along with the unknown samples, a number of reference standards made 
from SRM-1633a (coal fly ash) and SRM-688 (basalt rock) were similarly prepared, as were 
quality control samples (i.e., standards treated as unknowns) made from SRM-278 (obsidian 
rock) and Ohio Red Clay. 

Neutron activation analysis of geological and archaeological samples at MURR, which 
consists of two irradiations and a total of three gamma counts, constitutes a superset of the 
procedures used at most other laboratories (Glascock 1992; Neff 1992, 2000). As discussed in 
detail by Glascock (1992), a short irradiation is carried out through the pneumatic tube 
irradiation system. Samples in the polyvials are sequentially irradiated, two at a time, for five 
seconds at a neutron flux of 8 x 1013 n/cm2/s. The 720-second count generally yields gamma 
spectra containing peaks for nine short-lived elements:  aluminum (Al), barium (Ba), calcium 
(Ca), dysprosium (Dy), potassium (K), manganese (Mn), sodium (Na), titanium (Ti), and 
vanadium (V). The samples encapsulated in quartz vials are subjected to a 24-hour irradiation at 
a neutron flux of 5 x 1013 n/cm2/s. This long irradiation is analogous to the single irradiation 
utilized at most other laboratories. After the long irradiation, samples decay for seven days and 
then are counted for 1,800 seconds (the “middle count”) on a high-resolution germanium 
detector coupled to an automatic sample changer. The middle count generally yields data for 
seven medium half-life elements, namely arsenic (As), lanthanum (La), lutetium (Lu), 
neodymium (Nd), samarium (Sm), uranium (U), and ytterbium (Yb). After an additional three- 
or four-week decay, a final count of 9,000 seconds is carried out on each sample. The latter 
measurement usually reports data for 17 long half-life elements, including cerium (Ce), cobalt 
(Co), chromium (Cr), cesium (Cs), europium (Eu), iron (Fe), hafnium (Hf), nickel (Ni), rubidium 
(Rb), antimony (Sb), scandium (Sc), strontium (Sr), tantalum (Ta), terbium (Tb), thorium (Th), 
zinc (Zn), and zirconium (Zr). Ratios of the decay-corrected counts per second per unit weight of 
the unknowns to the standards are used to calculate concentrations.
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The NAA data from the two irradiations and three counts (a total of 33 elements) were 
tabulated with EXCEL and stored in a dBase file along with the descriptive information available 
for each sample.  Tables D.1-D.2 present the NAA data in parts per million of the element with 
missing values (i.e., not detected) indicated by the presence of zeroes (i.e., 0.0). 

GLASCOCK AND SPEAKMAN
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