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ABSTRACT 

A low radioactivity calibration facility has been constructed at the 
Nevada Test Site <NTS>. This facility has four calibration models of quarried 
rock that are 3 ft in diameter and 6 ft long, with a 12 in. cored borehole in 
the center of each model and a lead-shielded run pipe below each model. These 
models have been analyzed by laboratory natural gamma ray spectroscopy <NGRS) 
and neutron activation analysis <NAA) for their KA U, and Th content . Also, 
42 other elements were analyzed in the NAA. The ~22Rn emanation data were 
collected . 

Access to the low radioactivity spectral gamma calibration facility for 
calibrating spectral gamma logging equipment can be arranged by contacting 
Mark A. Mathews, (phone number 505-667-8476), Los Alamos National Laboratory, 
P.O. Box 1663, Mail Stop C335, Los Alamos, New Mexico 87545. 

INTRODUCTION 

The spectral gamma logging tool measures natural gamma radiation in bore­
holes obtained from the elements potass i um <K>, uranium (U), and thorium <Th). 
K is determined from the 1 .46 MeV gamma ray of 40K, which constitutes O. 1% 
of natural Kand has a 1.3 billion year half-life. Measurements are more 
complicated for U and Th; both elements are determined from nuclides that are 
members of complex decay series <Friedlander et al., 1955) . U is determined 
from the 1.76 MeV line of 214Bi and Th from the 2.61 MeV gamma of 209Tl. 
In addition to these gamma rays, a multitude of generally less intense gamma 
rays, tabulated in Erdtmann and Soyka <1979), are associated with the U and Th 
decay series, causing mutual interferences among the three radioelements. 
These interferences must be subtracted out. The spectral gamma logging tool 
has a NaI<Tl> detector and measures gamma rays in three energy windows as 
given in Table I. NaI<Tl> detectors generally have a resolution of approxi­
mately 9%, and consequently some gamma rays outside the energy window ranges 
are counted. These energy window ranges are listed as the fringe windows in 
Table I. 



The data recorded in the energy windows <see Table II> come from three 
principal sources: <l> contribution of photo peaks from the decay of nuclei 
for which the energy window was designed to detect, (2) contribution of photo 
peaks <falling at least partially in the window> from the decay of other 
radionuclides, and <3> contribution from Compton scattered photons (for Kand 
U this is usually the largest) . As an example of the complexity of the data 
recorded, the potassium energy window contains, at least partially, seven U 
and eight Th photo peaks along with the K photo peak. In the analysis of the 
spectral gamma data, it is necessary to subtract items 2 and 3 previously 
listed. This subtraction can result in additional uncertainties or errors. 

Uhas a further complication: the decay to 214si proceeds through 
75,000-year 230Th and 1 ,600-year 226Ra. The indicated half-lives for both 
of these intermediaries are sufficiently long to allow their separation from 
the 238u parent by geologic processes, such as groundwater leaching, result­
ing in radioactive disequilibrium. If such disequilibrium has been significant 
within the past 1 million years or less, U concentrations calculated assuming 
equilibrium of 214si and 238u will be in error. The Th decay nuclides 
have relatively short half-lives, and Th always exists in a condition of 
secular equilibrium within the earth. 

Silicic volcanic rocks generally have the three radioelements K, U, and 
Th. Analyses <Quinlivan and Byers, 1977; Zielinski, 1983> for unaltered or 
glassy and devitrified silicic rocks of the Nevada Test Site <NTS) calc­
alkaline suite generally show: 

K - 20,000-50,000 ppm (2-5%), 
U - 2-6 ppm, and 
Th - 15-25 ppm. 

Other reports <Vogel et al., 1983> show slightly higher concentrations. The 
Los Alamos unpublished analyses of more than 1000 samples of NTS volcanic rocks 
show similar ranges. The most common alteration <conversion of glass to 
clinoptilolite> occurs in an open chemical system and generally results in the 
loss of Kand U. This loss is generally quite small, but Th is highly immobile 
and not affected. There are small but significant variations of K, U, and Th 
within the NTS volcanic sequence due to differences among antecedent magmas 
and the modes of subsequent alteration. However, in alteration zones charac­
terized by abundant kaolinite and/or smectite, large losses or depletions of K 
and U are found. Clays like montmorillonite are very K poor <Fertl, 1979). 
These known or inferred variations in K, Th, and U are evident in the spectral 
gamma log if the log is accurately calibrated. 

DESCRIPTION OF CALIBRATION FACILITY 

A facility was completed in June 1985 <Mathews et al., 1985) to accurately 
calibrate the spectral gamma tool for low-to-moderate contents of K, U, and Th 
in simulated borehole environments and to routinely check the calibration of 
this tool. Four calibration models or test pits were constructed in a build­
ing at NTS. This building has an overhead crane and a 35 ft ceiling height. 
Each test model, supported on a 4 ft stand, is a rock cylinder 3 ft in diameter 
and 6 ft in length that contains a 12 in. diameter cored borehole on axis 
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<Figures l, 2, and 3). The cores were drilled out at the Lawrence Berkeley 
Laboratory <LBL) and analyzed at the LBL low-background gamma spectrometric 
facility and the Los Alamos National Laboratory neutron activation fac i lity. 
The four types of rock are : Sierra White Quartz Monzonite <SW), Charcoal 
Black Quartz Monzonite-Granodiorite <CB), Lake Placid Green Anorthosite <LPG), 
and Stripa Granite <SG). The geologic descriptions and densities are given in 
Appendix A. 

Pieces of the core for each rock type were analyzed for K, U, and Th by 
natural gamma ray spectroscopy <NGRS) and by neutron activation analysis CNAA) . 
Also, 45 elements were determined from NAA <Minor et al., 1982). The average 
values of the 45 elements obtained from the NAA is given in Appendix B. The 
complete NAA analysis for the four calibration models is given in Appendix C. 
Table III is a list i ng of the K, U, and Th abundances obtained from both 
techniques. The location of each piece of core is given in inches from the 
top of each rock cy l inder, where 0.000 in . is the top and 72.000 in. is the 
bottom. The 222Rn emanation data were obtained from the crushed core 
samples and from in situ cha rcoal measurements obtained in the corehole of 
each mode l . The average values for these models are also listed in Table III. 

This building facility is unique because the chemical and physical 
characteristics of the test pits are very similar to those of the NTS drill 
holes logged . Grades for K, U, and Th are much lower than for any other 
spectral gamma calibration facility and allow greater accuracy in calibration 
fo r low count rate conditions than can be achieved elsewhere . During the 
cal i bration of a spectral gamma logging probe , lead plates are placed over the 
borehole after the probe has been lowered into the model leaving just enough 
room for the logging cable . This shielding protects the detector in the probe 
from cosmic ray and other background radiation. 

CALIBRATION OF SPECTRAL GAMMA TOOL 

Huang and Hea r st <1983) have found that commercially available spectral 
gamma logging tools lack the required sensitivity to provide useful chemical 
data from NTS drill holes. Therefore, we assembled a spectral gamma tool with 
a large (4 x 4 x 7 in.) sodium iodide detector that overcomes the sensitivity 
problem . Gamma ray counts are acquired in the windows shown in Table I; these 
windows minimize the mutual interferences listed in Table II. The tool is 
calibrated by comparing count rates within the appropriate windows to the 
known concentrations in each test model <listed in Table III). Presently we 
use only three test models and do not use the counts from the LPG test model. 
Linear equations relate background-corrected count rates for each window to 
concentrations of the test models by a best-fit proportionality matrix A: 

where 

CRt = 
A = 
Cont = 

CRt = A x Cont 

count rates <3 x 3 matrix> obtained from test models; 
proportionality matrix <3 x 3 matrix>; and 
test model concentrations <3 x 3 matrix). 
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Once A has been determined, concentrations of K, U, and Th can be 
calculated from a spect ral gamma log using the following matrix equation : 

Con= A-1 x CR 

where 

Con concentrations calculated <3 x 1 matrix); 
A-1 = inverse proportionality matrix A <3 x 3 matrix) determined from 

calibration model data; and 
CR =field count rates from each window, raw data <3 x 1 matrix). 

An example of a calibration is shown in Table IV. Removing the background 
from the SG , SW, and CB countrates , averaging the two ten-minute intervals, 
and using the NAA concentrations gives from Equation 1: 

Tes t Count Test 
Pits Rates Concentrations Pits 

K u Th K u Th 
SW 31 2 3 16050 o. 79 3. 39 SW 
SG 128 58.5 29 A 43380 38.80 33.40 SG 
CB 83 .5 19 . 5 19 39510 8.97 19.83 CB 

Solving for A and its inverse, A-1, allows us to use Equation 2 to convert 
count rates to concentrations from field data. The field data must be cor­
rected for conditions different from those under which the calibrations were 
performed <Stromsewold and Wilson, 1981) . 

SUMMARY AND CONCLUSIONS 

(2) 

(3) 

A low radioactivity spectral gamma calibration facility has been built 
from quarried rock blocks at NTS. This facility consists of four calibration 
models that are 3 ft in diameter and 6 ft long, with a 12 in. cored borehole 
in the center and a lead-shielded run pipe below each model. The radioelement 
concentrations determined from neutron activation analysis and natural gamma 
ray spectrometry are found in Table III . This facility allows the spectral 
gamma log to accurately aid in the recognition and mapping of subsurface 
stratigraphic units and alteration features such as clay-rich zones associated 
with unusual concentrations of these radioactive elements. 

ACCESS INFORMATION 

This calibration facility is available to interested individuals who wish 
to calibrate spectral gamma logging equipment. Scheduling and access can be 
arranged by contacting Mark A. Mathews, <phone number 505-667-8476), Los Alamos 
National Laboratory, P.O. Box 1663, Mail Stop C335, Los Alamos, New Mexico 
87545. 
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Table I 

Gamma Ray Energy Windows of Spectral Gamma Tool . 

Energy Window Fringe Window 
Element Desired Range - MeV Range - MeV 

Potassium 1. 36 - 1. 56 1 . 24 - 1 . 70 

Uranium 1. 67 - 1.87 1 . 52 - 2.04 

Thorium 2.42 - 2.83 2.22 - 3.08 
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Table II 

Some of the Prominent Photo Peaks Falling At Least Partially 
in the Spectral Energy and Fringe Windows 

Window 

T 
H 

Setting 0 
< 2420-2830) R 

Fringe I 
(2220-3080) u 

M 

u 
R 

Setting A 
(1670-1870) N 

Fringe I 
(1520-2040) u 

M 

p 
0 

Setting T 
< 1360-1560) A 

Fringe S 
(1240-1700) s 

I 
u 
M 

<Kosanki and Koch, 1976) . 

Energy <Kev) 

2614 
2448 
2204 
Compton 
Scatter 

1848 
1765 
1730 
1661 
1631 
1621 
1588 
1580 
Compton 
Scatter 

1661 
1638 
1631 
1621 
1588 
1580 
1509 
1502 
1496 
1461 
1459 
1408 
1402 
1378 
1281 
1238 
Compton 
Scatter 

Source 

208 Tl 
214Bi 
214 Bi 
Photo Peaks 
>2220 

214 Bi 
214 Bi 
214 Bi 
214 Bi 
228 Ac 
212 Bi 
228 Ac 
228 Ac 
Photo Peaks 
>1520 

214 Bi 
228 Ac 
228 Ac 
212 Bi 
228 Ac 
228 Ac 
214 Bi 
228 Ac 
228 Ac 

40 K 
228 Ac 
214 Bi 
214 Bi 
214 Bi 
214 Bi 
214 Bi 
Photo Peaks 
>1240 

Decay Chain 

Th 
u 
u 
U & Th 

u 
u 
u 
u 
Th 
Th 
Th 
Th 
u & 
Th 

u 
Th 
Th 
Th 
Th 
Th 
u 
Th 
Th 
K 
Th 
u 
u 
u 
u 
u 
K, U, & 
Th 

Note: Contributions in windows due to pile-up are neglected. 
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Table III 

K, U, and Th Abundances from Crushed Samples 

Lake Placid Green Anorthosite 

NAA NGRS 
<Emanation - 5. 7%) 

Inches K (1o) u <ppm) Th <ppm) K (%) U <ppm) Th <ppm) 

9.000 0.380 0.274 0.610 0.65 0.22 0.52 
22.750 0.580 0.301 0.870 • 
27.750 0 . 670 0.213 0.560 0.66 0.27 0.53 
32.750 0.680 0.379 0.960 0.64 0.37 0. 74 
38.750 0.900 0. 177 0.410 0.66 0.27 0 . 59 
45.250 0.600 0.419 1 .090 0.65 0.24 0.67 
64.500 0.400 0.233 0.320 0.66 0.25 0 . 55 

------
0.601 0.285 0.689 0.65 0.27 0.60 

+ 0 . 178 + 0.088 + 0.290 + 0.01 + 0.05 + 0.09 

• -- No Sample Measured 

Sierra White Quartz Monzonite 

NAA NGRS 
<Emanation - 3.0%) 

Inches K (%) u <ppm) Th <ppm) K (%) U <ppm) Th <ppm> 

9.000 1. 920 0.825 3.630 1. 71 0. 91 3.52 
21.500 1. 480 0 . 823 3.380 1. 71 0.95 3.42 
31.000 1. 560 0. 783 3.580 1.58 0.95 3.42 
37.000 1. 580 0.775 3.520 1. 67 0.94 3.46 
46.500 l .270 0.779 3.000 1. 76 0.97 3.60 
53.500 1. 780 0.826 3.200 1. 67 0.88 3.46 
61.500 1.780 0 . 767 3.480 1. 74 1.00 3.43 
70.000 1. 470 0.751 3.340 1. 94 0.86 3.73 

------
1. 605 o. 791 3.391 1. 72 0.93 3.51 

+ 0.210 + 0.029 + 0.210 + 0. 10 ± 0.05 + 0. 11 
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Table III <continued) 

Charcoal Black Quartz Monzonite-Granodiorite 

NAA NGRS 
<Emanation - 15.0%) 

Inches K (%) u <ppm) Th <ppm) K (%) U <ppm) Th <ppm) 

9.000 3.900 9.200 20 . 300 3.78 8.99 20.42 
22. 130 3.650 8.220 16.200 3.96 9.26 20.40 
28.500 4.000 8.750 17.900 4.00 9.91 21. 29 
34.750 4.010 9.600 19.900 3. 77 9.32 21. 01 
41. 000 4. 100 9.300 22.000 3.93 9.79 20.52 
46.000 4.200 8.690 19.500 3.87 9.65 20.92 
60.000 3.800 9.000 23 .000 3.91 10.02 21. 23 

------
3.951 8.966 19.829 3.89 9.56 20.83 

+ 0. 185 + 0.456 + 2.309 + 0.09 + 0.38 !: 0.38 -

Stripa Granite 

NAA NGRS 
<Emanation - 24.0%) 

Inches K (%) u <ppm> Th <ppm) 

14.000 5.000 42.500 37.200 
18 .000 4.100 44. l 00 33.700 
27.000 4.300 37.200 34.500 
33.000 3.800 36. 100 33. 100 
41 .000 4. 100 37.800 32.500 
47.000 4.200 40.500 33.700 
48.000 * 
55.000 4.500 36.600 34.800 
59.000 * 
60.000 4.700 35.600 27.700 
64.000 * 

------
4.338 38.800 33.400 

+ 0.381 + 3. 176 + 2.704 

0.000 in. is top of rock cylinder. 
72.000 in. is bottom of rock cylinder. 
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K (%) U <ppm) Th <ppm) 

* 
3.34 37.40 31.30 
3.73 40.10 33 . 50 

* 
3.65 37.40 30.20 

* 
3.71 38.40 31.80 

* 
3.66 40.20 32.20 

* 
3.65 39.60 31.90 

3.62 38.90 31.80 
+ 0. 14 !: 1 . 40 !: 1.10 

* -- No Sample Measured. 



Table III <continued) 

The 222Rn emanation data were obtained from the crushed samoles from the 
core and from the in situ charcoal measurements obtained in the corehole of 
each model . The average values fo r these models are as follows : 

Model K (%) U <ppm) Th <ppm) Emanation Density <gm/cm3) 

SH NAA l. 605 0. 791 3. 391 2.65 
NGR l. 72 0.93 3. 51 3.0% 

CB NAA 3.951 8. 966 19.829 2. 72 
NGR 3.89 9.56 20.83 15.0% 

LPG NAA 0.601 0.285 0.689 2.78 
NGR 0. 65 0. 27 0.60 5.7% 

SG NAA 4.338 38.800 33 . 400 2.63 
NGR 3. 62 38.90 31 . 80 24.0% 
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Table IV 

Spectrometer Calibration Data 

<Calibrations Taken on July 24, 1985) 

Data in counts/second - ten minute sampling intervals in an air-filled borehole. 

K u Th TCl TC2 
Mev l . 36-1 . 56 1.67-1.87 2.42-2.83 0.2-3.012 0.4-3.012 

SG 127 59 29 2859 1707 
BKG 0 0 0 17 8 
SG 129 58 29 2867 1703 

LPG 11 0 0 121 79 
BKG 0 0 0 8 6 
LPG 11 0 0 121 79 

SW 31 2 3 348 223 
BKG 0 0 0 8 6 
SW 31 2 3 348 220 

CB 84 20 19 1357 841 
BKG 0 0 0 14 8 
CB 83 19 19 1358 841 

Backgnd 10 2 2 196 119 
<Hi Air) 

Backgnd 10 2 2 194 119 
<Lo Air) 

BKG - background from lead-shielded run pipe below each model. 

Backgnd - tool raised to 5 ft of ceiling in Building 2201 <Hi Air), and tool 
lowered to 2 ft from floor in Building 2201 <Lo Air). 

TCl - total counts from 0.2 to 3.012 Mev 
TC2 - total counts from 0.4 to 3.012 Mev 
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Figure 1. Cross section of a calibration cylinder, 
and placement in building at NTS . 
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Figure 2. Photograph showing distant view of calibration models 
as installed. 

Figure 3. Photograph showing near view of calibration models 
as ins ta 11 ed . 
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APPENDIX A 

Geologic Descriptions and Densities of Lake Placid Green Anorthosite, 
Sierra White Quartz Monzonite, Charcoal Black Quartz Monzonite­

Granodiorite, and Stripa Granite . 

Lake Placid Green Anorthosite 

The LPG rock has an average density of 2.78 gm/cm3 and is quarried near 
·AU Sable Forks, New York. This rock is an anorthosite and its mineral compo­
sition is dominated by plagioclase <mainly Ca) feldspar which occurs in a 
fairly even-grained mosaic and constitutes approximately 90% of the rock by 
volume . The remainder of this rock is composed of dark , ferromagnesian 
mine rals and their secondary alteration products . These include pyroxene , 
garnet, biotite, scattered grains of magnetite, and hornblende . 

Sierra White Quartz Monzonite 

The SW rock has an average density of 2.65 gm/cm3 and i s quarried near 
Raymond, California . This rock i s a quartz monzonite and its mine ral composi­
tion is quartz, plagioclase <Na-Ca> feldspar, and alkali <K-Na) feldspar . 
These minerals occur in approximately equal proportions and constitute 95% of 
the rock by vo l ume . The remaining portion of this rock is mainly composed of 
the mica minerals biotite and muscovite. 

Charcoal Black Quartz Monzonite-Granodiorite 

The CB rock has an average density of 2.72 gm/cm3 and is quarried near 
St. Cloud, Minnesota . This rock is a quartz monzonite to granodiorite and i~ 
fairly rich in dark, ferromagnesian minerals. Feldspars and quartz comprise 
80-85% of this rock by volume. Plagioclase and alkali feldspar ccmprise 60-65% 
of this rock by volume and quartz accounts for another 15-20%. The common 
dark minerals, in order of abundance, are hornblende, biotite, sphene, and 
magnetite. 

Stripa Granite 

The SG rock has an average density of 2. 63 gm/cm3 and is quarried near 
Stripa, Sweden. This rock is a quartz monzonite and is characterized by a 
great abundance of fractures and other deformational features. The dominant 
minerals, of nearly equal abundance, are quartz, plagioclase feldspar, and 
alkali feldspar . These minerals constitute 90-95% of the rock by volume. The 
remaining portion of the rock consists of the ferromagnesian minerals 
muscovite, chlorite, zircon and magnetite. 
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APPENDIX B 

Average Values of 45 elements obtained from the NAA of the rock blocks . 

SW , LPG SC CB 

ELEMEllTS Mean Std. Dev. Kean - Std . Dev . Kean Std . Dev. Kean Std. Dev. 

Ha 31050.0 772 . 750 29528.57 893.895 34737.5 1238 . 591 26885 . 7143 715 . 142 
Mg 2425.0 218 . 763 7657 . 14 1089 . 124 3125. 575.078 9300. 1637 . 071 
Al 75250.0 2552 . 310 121857 . 14 2544.836 84875 . 3090 . 885 74471.4286 1549.962 
Cl 106 .25 7.440 114.29 7 . 868 148. 75 30.909 284.2857 46.853 
IC 16050.0 2101.7 604.29 1179 . 914 43375. 3814 . 914 39500 . 1848 . 423 
Ca 16937.5 838.259 71857. 14 2410 . 295 4550 . 1063.686 21485 . 7143 1513.747 
Ti 900.0 236.099 5000. 624 . 5 4250 . 707 . 107 2552 . 8571 411.692 -v 6 . 625 .518 62 . 4.435 9 . 1.927 54.5714 5 . 503 
Kn 196.25 10.620 360 . 52.320 225 . 125 38 . 428 404.2857 25 . 889 
cu 300. 0. 300. 0. 425. 88.641 300 . 0. 
Sr 346.25 137 . 002 595 . 71 140 . 577 265. 60.945 528.5714 128.248 
In .14 .019 . 17 .012 . 205 . 04 .1617 .0076 
I 14.25 1.488 16 . 57 1.618 39 . 625 7 . 347 16. 7142 1 . 380 
Ba 725. 98 . 561 138.57 60.119 1332 . 5 1973 . 487 882.8571 40 . 297 
Dy . 9925 .371 1.23 . 257 14.325 1.281 3 . 1714 .198 
u .7911 .029 .2851 . 088 38.8 3 .176 8 . 9657 .456 
Ca 24.38 2.825 26. 71 2.289 35. 6.188 26.4285 1. 718 
As 1.58 .212 1.63 .229 3.4 .51 1.6857 .212 
Br 2.25 .668 2 . 26 . 709 4.375 1.06 2 .. 4285 .658 

I Mo 12.63 4 . 307 11.29 3.039 28.325 20.015 13.2 3 . 092 _. 
Sb .... .OU . 43 U1 . 095 .5875 . 083 .4571 .053 

I La 14.5 . 682 5.63 . 626 31.2625 2.999 64.4571 8.312 
Sa 2.16 .140 1.54 .371 9 . 625 1.074 8.0714 .607 
Yb .81 .181 .99 .334 8 . 6625 1.028 1.5142 .201 
w 2.94 .150 3 . 04 . 714 7.4375 3.253 3 . 3 1.122 
Au .017 . 003 . 0169 . 003 .0213 . 003 .0177 .003 
Sc 2.40 .125 6 . 58 .668 5.185 . 694 1.01 .768 
Cr 2.11 • 740 8 . 9286 l. 775 3.2875 .724 30. 3 . 488 
re 9750. 316.228 27371. 4286 2632 . 942 11500. 1548. 271 24028.5714 1306.03 
Co 1.78 .601 10 . 9286 1.031 .9113 . 409 8.3 .351 
Zn 69.63 26 . 56 15.8285 19.767 27.875 36.487 45.5714 27.104 
Se 1.088 .376 1.6429 .624 4.1 1.697 2.0285 .472 
Rb 64.13 6.402 12.7143 2.984 337 . 5 28.909 187 .1428 13.704 
Zr 112. 23. 779 172.8571 54 . 989 251.25 102.739 302.8571 71.398 
Ag 1.31 .351 2.2 .443 3 . 675 .701 1.9142 .631 
C• 1.45 .152 .4286 . 091 6.4613 3.119 6.0714 .461 
Ce 30.U 2 . 146 12.4429 3 . 161 79.375 4.307 133.5714 14 . 363 
•d 18.44 5 . 364 7 . 4 3.075 36.625 9.913 58.1428 13.68 
Eu .62 .045 1.1457 .062 .4751 .069 1.44 .067 
Tb .23 .051 .3071 .184 2.465 .24 .6214 .160 
Lu .061 .025 .122 . 033 1.4325 .074 .2508 .023 
Hf 2.52 .253 .98 .198 4.6613 .249 7 . 0514 . 473 
Ta .30 . 109 . 3471 . 082 9 . 7125 1.311 1.3428 .174 
Hg .81 .861 1.2571 1.1998 l. 75 1.438 1.6 1.644 
Th 3.39 .210 . 6886 .290 33.4 2 . 704 19.8285 2 . 309 



APPENDIX C 

Complete NAA Analysis of 45 Elements of Cal i bration Models 

CHARCOAL BLACK MODEL 

CS- 3 (9) CB- 4 (22. 13) CB-6 (28 .5) CS- 2 (34 . 15) C8-1 (41) CS- I (46) CB- 5 (60) 

Nd- 24 26860 + 150 21840 + 180 26%0 + 150 21380 + 110 25460 + 110 26670 + 750 26940 + 150 
:v- 27 9100 :; 1500 8600 ; 910 10000:; 1100 10%0:; 990 1700 :; 1300 10900 :; 1200 1020 :; 910 
A - 28 74800 + 6500 15400 + 2500 13900 + 2400 15900 + 2500 11600 + 6200 13400 :; 2600 15600 :; 2600 
Cl - 38 261 :; 29 341 ; 34 251 :; 30 260 + 28 212 :; 30 308:; 40 200 :; 30 
K - 42 38600 + 4400 36500 ; 2400 39500 :; 2600 40100 + 2600 41100 + 4600 42500 :; 3100 37600 + 3300 
Cd- 49 20800 + 2500 23400 ; 2000 23900 + 1900 20500 + 1800 20100 :; 2500 20900 + 1900 20600 + 1800 
Ti- 51 2750 + 290 3000 ; 220 2330 + 200 2740 + 230 2910 :; 310 1840 + 270 2360 :; 320 
v - 52 62 . 5 + 4. 4 55 .0 + 3. 7 52. 1 :; 3 . 7 60 .8 + 4 . 1 52 .2 + 4.0 53.2 + 4 . 5 46 .0 + 4.0 
""- 56 443 + 16 391 ; 14 419 + 15 415 + 15 405 :; 14 397 ; 14 360 + 13 
CU- 66 < 310 < 300 < 310 < 310 < 290 < 320 < 320 
Sr- 87 580 + 110 455 + 70 170 + 130 510 + 110 550 + 100 480 + 100 351 + 96 
In-116 < 0 . 165 < 0.159 < 0 . 170 < 0.166 < 0 . 156 < 0 . 175 < 0. 173 
I -128 < 16 < 15 < 18 < 17 < 15 < 18 < 18 
Ba-139 839 + 75 884 + 58 952 + 68 896 + 64 862 + 75 909 + 79 841 + 11 
Oy-165 3 . 20 + 0.25 3 . 27 + 0 . 25 3. 12 + 0 . 28 3 . 43 + 0.30 3 . 34 :; 0.26 3 . 10:; 0 . 43 2. 79 :; 0 . 45 
u -235 9 . 18 + 0.26 8 . 22 ; 0 . 23 8 . 75 :; 0.24 9 . 60 + 0.27 9.29 + 0 . 26 8 .69 + 0 . 24 9 .04 + 0 .25 
Ga- 12 < 25 < 24 < 28 < 27 < 25 < 28 < 28 
As- 76 < 1.5 < 1.4 < 1.9 < 1.9 < 1.5 < 1.8 < 1.8 
Br- 82 < 2 .02 < 1.52 < 2 . 5 < 2 . 5 < 1.96 < 3.3 < 3 .2 
It>- 99 11.5+1.7 10.9 + 1.5 < 12 < 12 < 20 < 13 < 13 
Sb-122 < 0 . 39 < 0 . 36 < 0 . 51 < 0 .51 < 0 . 37 < 0 .51 < 0.49 
la-140 59 . 1 + 2. 1 60 .2 + 2. 1 63.0 + 2 . 3 62 . 7 + 2 . 3 80 . 5 + 2 .8 56 . 2 + 2.0 69 .5 + 2 . 5 

°' Sm-153 8 . 97 + 0 . 35 8. 15 ; 0.33 8 .00 + 0 . 44 8 . 36 + 0.45 7.43 + 0 . 30 8 . 19 :; 0 . 40 7.23 + 0 . 36 
I Yb-175 1.73"+0. 27 1.38 :; 0 . 18 1.19 :; 0 . 40 1.22 + 0 . 24 1.36 :; 0 .36 1.49 :; 0.36 1.60:; 0 .46 w - 187 < 1.99 < 2. 9 < 3.9 < 3. 4 < 1.95 < 4.5 < 4 .0 

Au-198 < 0 .015 < 0 . 015 < 0 .021 < 0 .021 < 0.014 < 0 .019 < 0 .019 
Sc- 46 8 . 30 + 0 . 32 6 . 62 + 0 . 25 7.27 + 0.28 7. 60 + 0 . 30 6 . 76 + 0.26 6 .98 + 0 . 27 5.89 + 0 .22 
Cr- 51 32.0 ; 1. 1 34.0 :; 1. 7 31.5 ; 2.0 23.5 + 1.6 31.5 ; 1.1 30. 0 + 1. 7 27. 5 :; 1.6 
Fe- 59 26400; 1000 24510:; 960 23970 :; 980 23740 ; 970 24150; 970 23270 :; 930 22120 :; 880 
Co- 60 8 . 12 :; 0 . 37 8.47 :; 0.36 8.34 :; 0 . 39 7.97:; 0 . 37 8 . 73:; 0.38 8 . 14 + 0.36 7. 76 :; 0 . 34 
Zn- 65 78 .6::; 8 . 1 34.1 :; 5 .9 69 + 12 64::; 11 10.8 :; 4 .3 < 13 49.5 ; 7.3 
Se- 75 < 2. 4 < 1.3 < 2.2 < 2 . 2 < 1.4 2.3 + 1.1 < 2.4 
Rb- 86 172.2 + 9. 1 116 .4 + 8 .5 186 + 12 176 + 11 196.3 + 9 .8 210 :; 11 194 + 10 
Zr- 95 296 :; 49 211 :; 45 281 :; 60 184 ::; 41 288 :; 47 414 :; 84 388 :; 62 
Ag-110 < 1.4 < 1.2 < 2. 9 < 1.9 < 1.90 < 2.6 < 1.5 
Cs-134 6.38 + 0.34 6. 16 + 0.31 5.35 + 0 . 33 5 . 94 0.36 6 . 32 + 0 . 33 6 . 10+0. 37 5 .64 + 0.32 
Ce-141 138. 1 + 4.1 121.2 :; 4 . 1 131.6 :; 5 . 4 132. 7 5.4 155.6 + 5.3 111.8::; 4 . 4 143 .0 :; 5 .4 
Nd-147 60.0::; 7.6 36.0 :; 4.5 57.4 + 8.8 83 12 58.4:; 7.2 58 . 1 :; 8. 7 54.8 ::; 1. 1 
Eu- 152 1.558 + 0 . 089 1.485 :; 0 .080 1.317 + 0.096 1.393 0 .091 1.392 + 0.085 1.411 + 0.086 1.460 ::; 0.088 
Tb-160 0.62 + 0 . 11 0.652 :; 0.092 0 . 71 ::; 0 . 15 0.80 0 . 16 0.68 + 0.10 0 . 596 :; 0 .086 0 .292 :; 0 .048 
lu-117 0.286 + 0 .019 0 .229 :; 0 .015 0.233 + 0 .025 0.283 0 .028 0 . 243 ::; 0 .017 0 .252 ::; 0 .025 0 . 233 ::; 0.022 
Hf-181 7.33::; 0.26 6 . 96 :; 0 .24 6 .50 ::; 0 . 27 6.58 0 . 26 7.89::; 0.28 1. 17 :; 0 .27 6 .81 :; 0 .25 
Ta-182 1. 302 + 0.083 1.459 :; 0.082 1.45 ::; 0 . 11 1.51 0 . 11 1.270 ::; 0 .086 1.000 :; 0 .093 1.41 :; 0.11 
Hg-203 < 0 . 58 < 0 . 50 < 3 . 7 3 . 7 < 0.53 < 0 .81 < 0 . 11 
Th-233 20.33 ! 0 . 63 16 . 18 ! 0 .50 11 .86!0. 59 19 .90 0 .64 22 .04 ! 0 .68 19 .50 ! 0 .60 22 .95 ! 0 . 71 



APPENDIX C (Continued) 

LAKE PLACID GREEN MODEL 

lPG-5 (9) LPG- 7 ~22. 75) LPG-1 (27 . 75) LPG- 2 (32 . 75) LPG- 3 (38 . 75) LPG- 4 (45 .25) LPG-6 ~64 . 5) 

Na- 24 29110 + 830 29820 + 830 30990 + 870 28540 + 800 30050 + 840 28950 + 810 28630 + 800 "9- 27 1900; 810 6880; 800 6700 ; 790 9700 ... 1100 6670 ... 840 7400 ; 1300 8300 ; 1100 
Al- 28 111700 ; 3800 123000 ; 3800 122100 ; 3900 123 700 ; 4000 125 100 ; 4000 119000 ; 10000 121800 ... 3900 Cl- 38 < 108 < 110 < 110 < 128 < 113 < 91 < 122 K - 42 3710 + 750 5800 + 1100 6700 + 1100 6800 + 1600 9000 + 1600 6000 + 1400 < 4200 Ca- 49 70400; 3700 75200 ... 3900 71300 ; 3800 74200 ; 4200 13000 ... 3900 72100; 1300 68200 + 3900 Ti- SI 5790 ; 290 4600 ; 280 5490 ; 290 4790 ... 510 4220 ; 270 4490 ; 430 5590 ; 510 v - 52 69.9 ; 4.2 56.7+:3 . 7 63 . 5 ; 4 . 0 58 . 7; 4. 4 61.2; 4.3 58 .9 ; 4.2 64 . 7 ... 4.4 1111- 56 349; 12 352 ; 12 271.1 ; 9.5 447 ; 16 348 ; 12 371 ; 13 382 ; 13 Cu- 66 < 300 < 320 < 300 < 330 < 330 < 300 < 320 Sr- 87 655 + 96 760 + 100 456 + 72 550 + 110 690 + 110 680 + 100 374 + Bl ln-116 < 0.158 < 0.168 < 0 . 159 < 0 . 19 < 0 . 173 < 0 . 156 < 0. 178 I -128 < 15 < 17 < 15 < 19 < 17 < 15 < 18 Ba-139 < 89 165 + 34 < 89 249 + 11 152 + 43 < 79 < 140 Oy-165 1.08 + 0. 15 1.65 ; 0 . 24 1.08 + 0. 19 1.52; 0 .38 o .94 +0.16 1.24+0. 14 < 1.09 u - 235 0.2740 ; 0.0011 0. 3010; 0 .0084 0 . 2130 ; 0.0060 0. 379 ; 0.011 0 . 1770 ; 0 .0050 0.419 ; 0.012 0 .2330 + 0 .0065 Ga- 72 < 24 < 28 < 25 < 29 < 28 < 24 < 29 As- 76 < 1.3 < 1.8 < 1.4 < 1.B < 1.9 1.48 + 0 . 41 < 1. 7 Br- 82 < 1.42 < 2 . 4 < I.SO < 3.1 < 2 . 5 < 1.85 < 3 . 1 Pb- 99 < 1. 1 < 11 < 8.2 < 12 < 11 < 17 < 12 Sb-122 < 0 . 33 < 0.48 < 0 . 35 < 0 . 48 < 0.49 < 0.35 < 0 . 46 I la-140 5.05 + 0 .26 S. 71 + 0 . 31 5 . 50 + 0 . 28 6 . 21 + 0 . 33 5 .01 + 0 .31 6.73 + 0 . 33 5 . 22 + 0 .30 ...... 

....... SM--153 1.427 ; 0 .057 1.493 ; 0.078 I. 162 ; 0 . 048 2 . 13+0. 10 1. 204 ; 0 .064 1.964; 0.011 1.381 ; 0 .070 I Yb-175 < 0.62 1.55 ; 0.28 < 0.66 0 .82 ; 0 . 24 < 1.02 1. 13 ; 0.23 1.08; 0 . 25 w -187 < 2. 7 < 3. 1 < 2.8 < 3.9 < 3 . 2 < 1.80 < 3.8 Au-198 < 0 .014 < 0 . 020 < 0 .015 < 0 .018 < 0 .020 < 0.013 < 0 .018 Sc- 46 6.40 + 0.24 6.44 + 0.25 5.66 + 0.21 1. 72 + 0 . 29 6 . 10 + 0 . 24 1.01 + 0.27 6 . 74 + 0 . 26 Cr- 51 6.56 ; 0 . 59 7.63; 0.94 7. 73 ; 0 . 72 11 .6+1.1 B.8 + 1.2 10.45 ; 0 .85 9 .69 ; 0 .97 Fe- 59 26700; 1000 25400; 1000 24340 ; 950 31600 ; 1200 25400 ; 1000 28900; 1100 29300; 1100 Co- 60 10.45 ; 0 . 43 9 . 70 ; 0.44 10. 03 ; 0.41 12 . 53 ; 0 . 53 10.50; 0.47 11.94; 0.49 11.39; 0 . 48 Zn- 65 < 3.4 58; 11 < 3 . 2 < 13 < 20 < 1.8 < 12 Se- 75 < 1.04 < 1.8 < 1.03 < 2.5 < 1.8 < 1. 13 < 2 .3 Rb- 86 < 9.3 < 15 < 9.4 < 15 < 16 < 11 < 14 Zr- 95 < 131 < 180 < 110 < 250 < 190 < 120 < 230 Ag-110 < 1. 70 < 2 . 6 < 1.66 < 2.6 < 2 .6 < 1. 79 < 2. 4 Cs-134 < 0 . 32 < 0.57 < 0 . 31 < 0.52 < 0.53 < 0 . 37 < 0 . 49 Ce-141 9.96 + 0.44 < 0 . 52 10 . 24 + 0 . 46 11 . 76 + 0 .85 9. 78 + 0.64 15. 74 + 0 .66 < 0 . 48 Nd-147 < 3.0 < 190 < 3 .0 < 9.8 < 7.9 9 .8 ; 1.4 211 + 45 Eu-152 1. 189 + 0 . 064 12.68 + o. 74 1. 118 + 0 . 065 1. 169 + 0 .074 1.068 + 0 .081 1.147 ; 0 . 067 11.04 ; 0 .63 Tb-160 0.249 ; 0.079 9 . 0+: 1.9 0 . 229 ; 0 .064 0 . 211 ; 0 .048 < 0 . 10 0 . 339 ; 0 .054 < 8 .6 lu-177 o. 105 ; 0.011 1.052 ; 0.078 0 .0753 ; 0 .0093 0 . 144 ; 0.016 0.097 + 0 . 019 0. 158 ; 0.015 1.206 + 0 .074 Hf-181 1.213 ; 0 .076 < 0.23 I. 118 ; 0.076 0 . 785 ; 0 .086 0 . 136 ; 0 .095 1. 163 ; 0 .083 0 . 135 ; 0 .029 Ta-182 < 0 .26 1.21 + 0 . 13 < 0 . 28 0 .300 ; 0 .092 < 0 . 45 < 0 . 29 < 0 . 38 ~-203 < 0.43 0 . 161 ; 0.024 < 0.42 < 0 . 76 < 3 . 1 < 0.46 0. 114 + 0 .015 -233 0.608 ! 0.053 0 .81 ; 0 . 11 0 .560 + 0 .050 0 .962 ! 0 .087 < 0 . 41 1.093 ! 0 . 077 1.04 ± 0 . 12 



APPENDIX C (Continued) 

SIERRA WHITE MODEL 

~__l_fil SW-3 (21.5) SW-5 (31) SW-1 (37) SW-4 (46 .5) SW--6 (S3 .5) SW- 2 (61.5) SW~ (70) 

Na- 24 31420 + 880 30990 + 870 30170 + 840 32330 + 910 31350 + BOO 29900 + 840 30670 + 860 31540 + BOO 

~- 27 2620 + 660 2210 + 550 < 2200 < 2500 < 2200 2550 + 660 2370 + 500 2850 + 120 

A - 28 76100 + 6600 13900 + 6400 75500 + 2600 80900 + 2100 73200 + 2400 12800 + 2400 75100 + 2500 14900 .. 2500 

Cl - 38 < 94 < 94 < 107 < 120 < 98 < 102 < 99 < 101 

K - 42 19200 + 2500 14800 + 2000 15600 + 1900 15800 + 2100 12100 + 1300 17800 + 1600 17800 + 1600 14100 + 1400 

ca- 49 16000 + 2100 16800 + 2200 16700 + 1600 17800 + 1700 15700 .. 1500 18200 + 1600 17200 + 1500 17100 .. 1600 

Ti- 51 830 + 210 1200 + 170 630 + 180 < 530 1000 + 130 1080 + 150 920 .. 160 1040 .. 170 

v - 52 < 6 .5 < 6.5 < 6 . 3 < 7. 1 < 6 . 2 < 6. 9 < 6 .6 < 6 .2 

fin- 56 191.6 + 6.9 204 . 7 + 7.2 199 .9 + 7. 2 208 .0 + 7 .5 183 .8 + 6 .4 206.3 + 7.2 195 .8 + 6 .9 118 . 7 + 6 .3 

Cu- 66 < 300 < 300 < 290 < 330 < 280 < 300 < 300 < 290 
Sr- 87 418 + 17 616 + 97 < 190 < 210 294 + 56 291 + 56 369 + 61 379 + 65 
ln-116 < 0 . 147 < 0. 12 < 0 . 151 < 0 . 169 < 0 . 141 < 0.151 < 0.11 < 0 . 144 

I -128 < 13 < 13 < 15 < 17 < 13 < 15 < 15 < 13 
Ba-139 687 + 62 657 + 60 575 + 60 648 + 68 847 + 56 828 + 63 805 + 56 152 + 50 
Dy-165 1. 14 + 0. 17 1.03 + 0. 17 1. 74 + 0 . 34 < 1.03 0 .94 + 0 . 14 0.10 + 0 . 14 1.03 .. 0 . 15 < 0 . 40 
u - 235 0 .825 + 0 .023 0.823 + 0 . 023 0 . 783 + 0.022 0 . 775 + 0 .022 0 . 779 + 0 .022 0 .826 ~ g7023 c 0 . 767 + 0 .021 0 . 751 + 0 .021 
Ga- 72 < 25 22 . 2 + 7.2 25 .0+7.3 < 28 18 .5 + 4. 4 < 25 < 24 
As- 76 < 1.5 < 1.5 < 1.6 < 1.8 < 1.3 < 1.8 < 1.8 < 1.3 
Br- 82 < 2.01 < 1.97 < 3 .0 < 3 . 3 < 1.44 < 2. 4 < 2 . 4 < 1.49 
lb- 99 < 19 < 19 < 11 < 13 < 8 . 1 < 12 < 11 < 8 .3 

00 
Sb-122 < 0 . 38 < 0 . 38 < 0 . 46 < 0 . 52 < 0 . 35 < 0 .50 < 0 . 49 < 0 .36 

I La-140 15.30 + 0.63 15 .65 + 0. 63 14 . 35 + 0 .57 14 .06 + 0 . 59 13 .85 + 0 .54 13 . 78 + 0 .58 14 .60 + 0 .60 14 .85 + 0 .58 
5111-153 2.223 + 0 .087 2 . 343 + 0.091 2.26 + 0 . 11 2 . 15 + 0 . 10 1. 954 + 0 .018 2.11 + 0 . 11 2 . 29 + 0 . 12 1. 987 + 0 .081 
Yb-175 < 0 . 13 < 0. 13 < 0.93 < 1.03 < 0 .62 < 0.99 < 0 .98 < 0 .64 
w -187 < 1.93 < 1.89 < 3 .6 < 4 .0 < 2. 7 < 3.1 < 3.0 < 3 .3 
Au-198 < 0 .015 < 0 .015 < 0 .018 < 0 .020 < 0.015 < 0 .021 < 0 .020 < 0. 015 
Sc- 46 2 . 479 + 0.091 2. 448 + 0.095 2 . 482 + 0 .091 2.546 + 0 .099 2 . 276 + 0.089 2 .452 + 0.098 2 .363 + 0 .092 2 . 174 + 0 .085 
Cr- 51 3. 10 + 0.52 < 1.2 2 . 15 + 0.49 < 1.8 2.00 + 0.45 < 1.9 < 1.1 . 2 .50 + 0 . 38 
F._ 59 9720 + 420 9850 + 410 9930 + 420 10360 + 440 9570 + 390 9620 + 430 9740 + 430 9250 + 380 
Co- 60 3.23. 0.17 1.61 • 0 . 10 1.529 + 0 .099 1.50 + 0 . 10 1.637 + 0 .093 1.47 + 0 . 13 1.81 + 0 . 13 1.405 + 0.086 
Zn- 65 34. 7 • 4 . 4 39 .2 • 4. 6 55 . 7 + 6.7 58 .8 + 7.2 89 . 3 • 8.8 83 + 11 111 + 12 84 .6 + 8 .5 
Se- 75 < 0.85 < 0. 76 < 1.54 < 1.1 < 0 . 15 < 1.1 < 1.3 < 0 .83 
Rb- 86 62.5 + 4.9 74 .0 + 5.2 61.3 + 4 .5 66 .9 + 5 . 3 63.5 + 3.9 54 . 3 + 5. 4 70 .6 + 5. 7 60 . 1 + 4.0 
Zr- 95 < 75 < 91 126 + 37 < 150 89. 23 < 124 < 116 111 + 23 
Ag- 110 0 . 11 + 0.21 < 1. 15 < 1. 41 < 1. 56 < 1.03 < 1. 77 < 1.61 < 1.06 
Cs-134 1.65 • 0.14 1.40 + 0 . 12 1.58 + 0.12 1.55 + 0 . 14 1.206 + 0.098 1.43 + 0 . 16 1.27 + 0 . 15 1.49 + 0 . 12 
Ce-141 33.2 • 1.2 32 . 1 + 1.2 29. 5 + 1.4 31.9 + 1.3 27.34 + 0 .98 27 .6+1.4 31.4 + 1.5 30 .3 + 1. 1 
Nd-147 25.7. 5 .2 14 .8 • 3 . 1 20.5 + 2 . 6 < 7 . 6 18 .4 + 3 .0 21.5+6 . 1 21.0 + 6 .2 13 .9 ; 2 .6 
Eu-152 0 . 668 • 0.053 0.642 + 0 . 053 0 .656 ; 0 .050 0 .638 + 0 .052 0 .556 + 0 .039 0 . 552 ; 0.055 0 .637 • 0 .058 0 .615 + 0 .044 
Tb- 160 0 . 236 • 0.059 0 . 182 + 0 . 040 0 . 118 + 0.038 0 . 146 + 0 .040 0 . 232 ·+ 0 .059 < 0 . 25 0 . 304 + 0 .069 0 .265 ; 0.011 
lu- 117 0 .0622 • 0.0091 < 0 . 023 < 0.031 0 . 012 + 0 .013 0 .0762 + 0 .0084 0 .096 + 0 .018 0 .077 + 0 .016 0 .0525 + 0 .0066 
Hf-181 3.05. 0 . 13 2 .64 + 0. 11 2 .52 + 0 . 11 2 . 55 + 0 . 12 2 . 491 + 0 . 100 2 . 34 ; 0 . 13 2 . 31 + 0 . 12 2 . 246 .. 0 .094 
Ta-182 0. 178 + 0.035 0 . 238 !: 0 . 056 0 .51 + 0.12 0.368 .. 0.084 0 . 255 + 0 .041 0 .271 + 0.074 < 0 . 34 < 0 . 194 
Hg-203 < 0 .33 < 0 . 32 < 0 . 45 < 0 . 50 < 0 .29 < 2 .3 < 2. 1 < 0 .31 
Th-233 3 .63 !. 0 . 14 3 . 38 !. 0. 13 3 .58 !: 0 . 14 3 . 52 !: 0 . 14 3.00 !: 0 . 11 3 . 20 !: 0. 14 3.48 !: 0 . 15 3.34 !: o. 12 



APPENDIX C (Continued) 

STRIPA GRANITE MODEL 

SG-1 (14) SG-2 ( 18) SG-3 (27) SG-4 (33) SG-5 (41) SG~ (47) SG-7 (55) sc-a (60) 

Na- 24 36100 + 2200 34900 + 2200 35700 + 2200 34500 + 2100 36200 + 2300 34300 + 2100 33400 + 2100 32600 + 2000 

~- 27 < 3500 < 2700 < 3200 < 2500 < 3600 < 2900 < 2900 < 2900 
- 28 88000 + 11000 89900 + 5 700 87400 + 5500 82200 + 5200 82000 + 11000 83600 + 5300 84100 + 5300 82400 + 5200 

Cl- 38 < 190 < 130 < 150 < 110 < 200 < 130 _< 140 < 140 
K - 42 49500 + 7800 40900 + 3500 43000 + 5200 38100 + 3500 40600 + 6500 41900 + 3700 44600 + 5400 47300 + 5700 
Ca- 49 < 3100 4620 ; 670 6600; 850 3690 ; 570 4410; 860 4230 ; 600 4420 ; 620 5410 ; 730 
Ti- 51 < 5000 < 3800 < 4900 < 3500 < 5300 < 3800 < 4400 < 4400 
v - 52 < 12 < 8.3 < 9 . 1 < 7.2 < 12 < 8.3 < 8.1 < 8 . 1 
"'1- 56 254 + 18 204 + 14 273 + 20 179 + 13 280 + 20 214 + 15 205 + 15 192 + 14 
Cu- 66 < 530 < 360 < 420 < 350 < 550 < 360 < 390 < 380 
Sr- 87 < 340 < 220 < 270 < 230 < 360 < 220 < 240 < 240 
In-116 < 0.24 < 0.18 < 0 . 23 < 0.13 < 0.25 < 0 . 18 < 0 . 22 < 0 .21 
I -128 < 45 < 33 < 41 < 31 < 48 < 33 < 38 < 31 
Ba-139 248 + 55 291 + 61 < 4700 253 + 60 331 + .69 311 + 62 233 + 52 < 4400 
Dy-165 14 . 1 ; 1.4 16 .0 ; 1.5 14.6 + 1.6 12 . 1 ; 1.2 14 . 1 ; 1.4 14 .5 ; 1.4 15 .9; 2 . 3 13 .3 + 1.4 
u -235 42 .5 ;: 1.9 44. 1 ; 2.0 37.2 ; 1.1 36 . 1 ; 1.6 37.8+1.7 40.5 ;: 1.8 36 .6 ; 1.6 35.6 ;: 1.6 
Ga- 72 < 33 45.0 ; 8.8 < 39 32 .8 ; 9 .0 < 34 32.8; 7.8 < 31 < 26 
As- 76 < 3 .5 < 3.0 < 4 . 1 < 3 .3 < 3.5 < 3.0 < 3.9 < 2.9 
Br- 82 < 3. 9 < 4.3 < 6.2 < 4.0 < 4.0 < 4.3 < 5.8 < 3 .4 
lb- 99 40 + 14 30.0 + 5. 1 2 .6 + 2 .6 11.6 + 4.5 57 + 15 15.2 + 4.5 17 .3 + 4.9 52 .8 + 6 .5 
Sb-122 < 0.55 < 0 . 49 < 0.10 < 0 .56 < 0.56 < 0.48 < 0 .65 < 0.49 

\0 La-140 33.3 + 1.9 30.3 + 1.1 32.6 + 2 . 3 27. 1 + 1.6 33.0 + 1.9 33.3 + 1.8 34 .0 + 1.6 25 .9 + 1.7 
1 S-153 9.94 ; 0.48 10.25 ;: 0 . 48 10 .87 ;: 0 .60 8.18 ; 0 .43 9 .65 ; 0.46 10. 10 ; 0.47 10. 11 ; 0 .56 7. 75; 0.37 

Yb--175 9 . 12 ; 0.64 9.87 +0.73 9 .5 + 1.4 7.4+"1.1 8 . 39 ; 0 .57 8.63; 0 .69 9 .37 ; 0.67 7 .03 + 0.65 
w -187 < 7.3 4 . 4 ; 1.8 < 9.8 < 6 .8 < 7.6 3.4 ; 1.2 13 . 7 ; 3 .0 < 5 .9 
Au-198 < 0.019 < 0.020 < 0.026 < 0 .023 < 0 .019 < 0.020 < 0.024 < 0 .020 
Sc- 46 4. 70 + 0 .25 6. 73 + 0.36 5.58 + 0.31 5 . 10 + 0.29 4.68 + 0.27 5. 11 + 0.27 4.'.18 + 0 . 26 4 .57 + 0 . 24 
Cr- 51 < 2.4 2.7; 1.1 3.6 ; 1.5 < 3.1 4.5 ;: 1. 1 4.1 ; 1.1 < 3.1 < 2 .8 
Fe- 59 11200 + 580 10490; 550 12460; 650 10710 + 580 14370; 850 12530 + 740 9460 + 490 10670 + 570 
CG- 60 0.83; 0.30 0.81 + 0.20 0.99 + 0 . 29 0 . 26 + 0 . 21 1.54 + 0.33 1.39 ; 0 .21 0 .81 ; 0 . 28 0.60 ; 0 .43 
Zn- 65 < 7.4 < 12 < 18 < 20 24 + 12 < 8 .3 < 11 117 ; 26 
Se- 75 < 4.0 < 3.4 < 6.3 < 5.1 < 4.4 < 3.6 < 6 . 1 0 . 75 ; 0 .67 
Rb- 86 365 + 19 358 + 18 338 + 18 345 + 19 271 + 15 338 + 17 351 + 19 334 ; 18 
Zr- 95 154 ;: 97 200;: 110 300; 120 239 ;: 94 178 ;: 96 220 ;: 110 240; 120 481 ; 74 
Ag-110 < 3.2 < 3. 2 < 4.3 < 4 . 7 < 3.4 < 3 .0 < 4 .0 < 4.2 
Cs-134 11.22 + 0.65 11. 70 + 0.67 4.53 + 0 . 29 4. 73 + 0.33 3.96 + 0.26 5. 38 + 0 . 39 4.97 + 0 .32 5. 34 + 0. 57 
Ce-141 84. 7 ;: 5.0 72.3 ;: 4.6 78 . 3 ; 4. 7 77 .6 ;: 4. 1 90.6; 4.8 84 .9 ; 4.9 76. 7 ; 4. 1 79.2 ;: 3.8 
Nd--147 < 22 23 .5 ;: 9.0 39 ;: 11 38; 12 37 ; 10 36.2; 8 . 7 45 ; 11 52; 12 
Eu-152 0.568 + 0.053 0.421 ;: 0.032 0.445 ; 0 .039 0 . 45 ;: 0 . 11 0.557 ; 0.093 0.460;: 0 .051 0.519 ; 0.044 0.368 ; 0 .067 
Tb-160 2.38 ;: 0.22 2.54 ;: 0.24 2. 11 ; 0.20 2. 95 + 0.34 2.20 + 0 .25 2.54 ; 0.25 2. 36 ; 0.22 2.63 + 0 . 28 
lu-177 1.451 +0.015 1.544 ; 0.077 1.475 ; 0.090 1.395 ; 0.082 1.295 ;: 0.067 1.464 ; 0.073 1.453 ; 0.090 1.398 ; 0 .077 
Hf-181 4 . 79 ; 0 . 45 5.12 + 0.24 4.31 + 0 . 22 4. 79 + 0.27 4 .64 ; 0 .30 4. 43 ; 0 . 20 4 . 56 + 0.27 4 .64 + 0 . 26 
Ta-182 9.13 ;: 0.56 12 . 11 ;: 0. 76 9.10;: 0 .60 8. 13 ;: 0 .52 9.38 ; 0 .60 11 .33; 0 . 74 9.43 ;: 0 .58 9 .25 ;: 0 .57 
~-203 1.49 + 0.42 1.62 + 0.40 < 0.89 < 4.0 < 0 .61 < 0 . 55 < 0 .85 < 3 .6 

-233 37 . 2 ! 1.5 33 . 7!1.3 34.5 !:. 1.4 33.1!:.1.5 32 .5 !:. 1.3 33 . 7!;1.5 34 .8 !:. 1.4 27. 1 !:. 1. 1 
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