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SIGMA MESA:

BACKGROUND ELEMENTAL CONCENTRATIONS
IN SOIL AND VEGETATION, 1979

Roger W. Ferenbaugh, Ernest S. Gladney,
and George H. Brooks, Jr.

ABSTRACT

In 1979, soil and vegetation samples were collected on Sigma Mesa to
provide background data before construction on the mesa. Elemental data are
presented for soil, grass, juniper, pifion pine, and oak. None of the data looks

out of the ordinary.

L. INTRODUCTION

In 1979, Sigma Mesa was a relatively undisturbed
area east of the buildings located immediately adjacent to
Diamond Drive. At that time, the only activity that had
occurred on the mesa at any distance from Diamond
Drive was the erection of an antenna farm about 1 mile
from the road. In 1979, the decision was made to drill a
geothermal well on Sigma Mesa. This activity was
scheduled to begin in the summer of 1979. Sigma Mesa
also was projected to be a growth area for contractor
facilities. For these reasons, a project was initiated in the
Environmental Surveillance Group (H-8, renamed the
Environmental Protection Group [HSE-8] in 1989) to
undertake a comprehensive soil and vegetation sampling
program on Sigma Mesa. The purpose of the sampling
program was to acquire, before any disturbance, a set of
data to be used as background for future impact analysis.

II. METHODS

A sampling grid was established using the proposed
location of the geothermal well as the center of the grid.

Transects were run at eight compass points; N, NE, E,
SE, S, SW, W, and NW. Samples were collected along
these transects at 250 ft, 500 ft, and thereafter at intervals
of 500 ft out to 2500 ft, or as far as possible before the
transect was terminated because of obstacles (such as
mesa walls and roads). Table I gives a tabulation of
sampling sites and samples collected at each site.

Figure 1 shows the location of the sampling area within
Laboratory boundaries, and Fig. 2 shows individual
sampling locations.

At each location, surface soil samples (0 to 2 in.
deep) and grass samples were collected. Foliage samples
were collected if tree species were present. The three tree
species that were encountered were oak (Quercus un-
dulata), pifion pine (Pinus edulis), and juniper (Juniperus
monosperma). Grasses were not identified as to species.

Soil samples were passed through a coarse sieve
(20 mesh) to remove matter such as pebbles and twigs,
and then the samples were air-dried and ground in a Spex
Industries shatterbox. Vegetation samples were dried in a
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TABLE 1. Sampling Locations and Samples Collected

Sample Type of Sample Collected
Designation  Location Soil Grass  Juniper  Pifion Oak
IN 250 ft X X X

2N 500 ft X X ‘ X X
3N 1000 ft X X X

4N Gravel pit X X X

SN Above pit X X X

INE 250 ft X X X

2NE 500 ft X X X X
3NE 1000 ft X X X

4NE 1500 ft X X X

SNE 2000 ft X X X

6NE 2640 ft X X X

1E 250 ft X X X

2E 500 ft X X X X
3E 1000 ft X X X

4E 1500 ft X X X

SE 2000 ft X X X

6E 2640 ft X X X

7E Knoll X X X

1SE 250 ft X X X X
2SE 500 ft X X X X
3SE TA-35, above ponds X X X

1S 250 ft X X X X
28 500 ft X X X X
3s TA-35 X X X

1SW 250 ft X X X X
2SW 500 ft X X X
ISwW Trailers at TA-35 X X X

1w Wellhead X X X

2W 250 ft X X X

w 500 ft X X X

4w 1000 ft X X X

SW 1500 ft X X X

6w 2000 ft X X X

A 2640 ft X X X

INW 250 ft - X X X

2NW 500 ft X X X

INW 1000 ft X X X

4NW 1500 ft X X X

SNW 2000 ft X X X

6NW 2640 ft X X X
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Fig. 1. Location of sampling area.

forced-air circulation oven at 60°C for 2 days and then
were ground in the shatterbox.

After the samples were prepared, as described above,
they were submitted for a variety of elemental analyses.
Several analytical techniques were used, including
neutron activation analysis, atomic absorption, ion
chromatography, ion selective electrode analysis, and
some special analytical techniques. The procedures used
for these analyses have been described in detail in
Gautier and Gladney (1986) and Gladney et al. (1980).

Quality assurance was provided by concurrent analysis of
a variety of National Bureau of Standards (NBS), United
States Environmental Protection Agency (EPA), and
United States Geological Survey (USGS) reference
materials using the approach documented in Gladney
etal. (1981).

. RESULTS

Table II summarizes the means and standard devia-
tions of the soil data, Tables III through VI summarize
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TABLE I1. Elemental Concentrations in Soil

Standard No. of

Element* Mean Deviation Samples Maximum Minimum
Al (%) 5.8 0.35 40 6.7 53
As 39 1.6 40 6.7 13
B 16 72 38 27 7.0
Ba 410 220 40 810 120
Be 1.9 049 37 33 1.1
Br 19 12 38 5.7 0.40
Cd (ppb) 170 100 36 520 30
Cl <100 40
Cr 27 24 40 136 42
Cu 10 45 40 18 20
F 240 74 40 390 50
Fe (%) 1.7 048 40 26 1.0

. Hg (ppb) 18 6.0 39 29 7.0
Li 24 4.6 40 39 19
Mg (%) 0.23 0.12 40 040 0.051
Mn 510 130 40 840 330
Ni 8.9 48 40 19 1.6
NO; 8.1 6.5 30 26 0.50
Pb 24 15 40 98 8.0
POy 11 20 21 94 0.10
Rb 120 15 40 160 90
SOy 10 13 39 59 2.0
Ti (%) 0.26 0.15 40 0.49 0.079
Zn 54 12 40 71 38

®Data are reported in parts per million (ppm) unless otherwise noted.

vegetation data, and Table VII shows soil data from other  tics of the volcanic tuff from which the Sigma Mesa soil

sources for comparison with the data in Table II. In is derived.
general, the Sigma Mesa data agree well with the data _
from other sources. Those instances where there is some The results of the individual analyses are tabulated in

discrepancy can be attributed to the chemical characteris-  the Appendix, Tables A-I through A-V.



TABLE IIl1. Elemental Concentrations in Grass

Standard No. of

Element” Mean Deviation Samples Maximum Minimum
Al 650 770 39 4400 150
As (ppb) 360 210 38 960 60
B 14 7.0 29 34 7.0
Ba 73 50 15 200 13
Be (ppb) 12 10 14 42 40
Br 40 41 40 160 2.7
Cd <200 15
Cl (%) 0.19 0.12 40 0.60 0.034
Cr 55 32 40 13 1.6
Cu 6.8 3.0 16 14 33
F 1.1 0.60 40 34 0.60
Fe 260 190 40 810 60
Li (ppb) 40 190 11 750 200
Mg (%) 0.12 0.028 16 0.17 0.061
Mn 48 35 40 180 13
Ni 26 11 15 55 7.0
NO; 420 380 37 1300 60
Pb 1.7 1.1 11 40 1.0
POy (%) 0.19 0.083 40 047 0.070
Rb 56 32 37 18 2.1
SO4 690 360 40 1500 120
Ti 46 60 15 250 12
Zn 21 11 15 52 94

#Data are reported in parts per million (ppm) unless otherwise noted.




TABLE IV. Elemental Concentrations in Juniper

Standard No. of
Element® Mean Deviation Samples Maximum Minimum

Al 350 180 21 960 140
As (ppb) 90 40 18 170 40

B 23 8.0 21 50 15
Ba 110 100 9 290 22
Be (ppb) 18 7.0 9 29 11

Br 21 18 21 65 32
Cd (ppb) 140 60 10 250 100
Cl 910 390 21 2000 350
Cr 3.5 14 21 59 1.5
Cu 59 2.5 9 10 3.5
F (ppb) 250 140 21 600 100
Fe 160 91 21 500 60

Li (ppb) 320 90 6 440 200
Mg (%) 0.24 0.061 9 0.36 0.17
Mn 48 10 21 62 26
Ni 52 37 9 11 19
NO4 110 41 19 240 43
Pb 25 1.3 4 40 1.0
PO, (%) 023 0.096 21 043 0.11
Rb 31 1.4 19 6.9 1.1
S04 470 210 21 830 170

Ti 67 51 9 150 16
Zn 21 5.0 9 27 9.2

Data are reported in parts per million (ppm) unless otherwise noted.




TABLE V. Elemental Concentrations in Pifion Pine

Standard No. of

Element® Mean Deviation Samples Maximum Minimum
Al 200 65 18 310 100
As (ppb) 150 60 17 300 80
B 22 7.0 18 46 11
Ba 24 6.0 3 28 17
Be (ppb) 16 7.0 4 24 8.0
Br 13 14 18 55 1.7
Cd (ppb) 110 60 4 200 50
Cl 570 860 18 4000 230
Cr 32 1.5 18 6.8 1.0
Cu 39 22 4 7.0 22
F (ppb) 190 160 18 700 100
Fe 87 33 18 150 40
Li 34 2.7 5 7.0 0.70
Mg (%) 0.19 0.064 0.31 0.12
Mn 200 160 18 540 S8
Ni 5.5 44 4 12 22
NO; °
Pb®
POy (%) 0.18 0.077 17 0.32 0.080
Rb 44 2.2 16 9.8 1.5
S04 750 380 17 1700 19
Ti 94 160 4 340 11
Zn 34 26 6 69 40

?Data are reported in parts per million (ppm) unless otherwise noted.
®No average was calculated (see data in the Appendix).




TABLE V1. Elemental Concentrations in Oak

Standard No. of

Element® Mean Deviation  Samples Maximum Minimum
Al 510 220 9 860 210
As (ppb) 170 110 9 440 70
B 63 13 9 81 48
Ba 39 30 3 73 18
Be (ppb) 46 39 3 90 18
Br 6.4 46 9 16 2.2
Cd (ppb) <200 3
Cl 260 92 9 380 65
Cr 4.0 2.0 9 6.9 1.9
Cu 7.0 1.3 3 8.1 5.5
F (ppb) 260 150 9 600 100
Fe 210 68 9 350 140
Li 43 3.5 3 7.1 0.31
Mg (%) 0.25 0.026 3 0.28 0.23
Mn 500 180 9 870 220
Ni 44 0.40 3 48 40
NO; 120 34 7 190 80
Pb <3.0 3
PO4 (%) 0.17 0.076 9 0.28 0.019
Rb 17 10 3 26 59
SO4 470 320 8 990 200
Ti 29 50 3 34 24
Zn 25 6.0 3 30 18

?Data are reported in parts per million (ppm) unless otherwise noted.
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TABLE VII. Elemental Abundance in the Earth’s Crust

Concentrations (ppm)

Element Mason® Vinogradovb Vinogradov® Wedepohld
Al 81300 104 500 71 300 78 300
As 1.8 6.6 5 1.7
Ba 425 800 500 590
Be 2.8 7 6 2
Br 2.5 6 5 29
Cd 0.2 03 0.5 0.1
Cl 130 160 100 320
Cr 100 160 200 70
Cu S5 57 20 30
F 625 500 200 720
Fe 50 000 33 300 38 000 35400
Hg 0.08 04 0.01 0.03
Li 20 60 30 30
Mg 20900 13 400 6 300 13900
Mn 950 670 850 690
Ni 75 95 40 44
Pb 13 20 10 15
Rb 90 400 100 120
Ti 4 400 4 500 4 600 4700
Zn 70 80 50 60
Ag 0.07 0.9 0.1 0.06
Au 0.004 — — 0.004
Ca 36 300 25300 13700 28 700
Ce 60 30 50 75
Co 25 23 8 12
Cs 3 12 5 2.7
Dy 3 4 —_ 6.1
Eu 1.2 1 — 14
Ga 15 40 30 17
Gd 54 5 — 8
Ge 1.5 7 1 13
Hf 3 4 6 3
I 0.5 1 5 0.5
In 0.1 — — 0.07
K 25900 22 800 13 600 28200
La 30 40 40 44
Lu 0.5 0.2 — 0.6
Mo 1.5 2 2 1
Na 28 300 6 600 6 300 24 500
Nb 20 20 — 20
Nd 28 18 — >30
S 260 3000 850 310
Sb 0.2 1 — 0.2
Sc 22 10 7 14
Se 0.05 0.6 — 0.09
Si 277 000 248 000 330 000 305 000




TABLE VII (Continued)

Concentrations (ppm)
Element Mason" Vinogradovb Vinogradov® Wedepohld

Sm 6 5 — >7

Sn 2 30 10 3

Sr 375 450 300 290

Ta 2 35 — 34
Tb 09 09 — <14
Te 0.01 — — 0.002
Th 72 11 6 11

U 1.8 32 1 35
\% 135 130 100 95

w 1.5 — — 13
Y 33 33 50 34

Yb 34 22 — 34
Zr 165 200 300 160

%Crusta) concentrations (Mason 1966).
bSedimemary rocks, shales, and clays (Vinogradov 1959).

“Soil concentrations (Vinogradov 1959).
9Crustal concentrations (Wedepohl 1968).
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TABLE A-1. Soil: Elemental Concentrations®

Al As B Ba Be Br Cd Cl Cr Cu F Fe

Location (%) (ppm)  (ppm) (ppm) (ppm) (ppm) (ppb)  (ppm) (ppm)  (ppm) (ppm) (%)

IN 55105 58407 24+5 6801100 27+02 40 +05 170+20 <100 41 + 4  16+2 280+30 24101
2N 58+05 60107 27+5 620+ 90 <02 <03 150£20 <100 43 + 4  13+1 260+30 22+0.1
3N 58+0.5 3.0+05 10+5 210+ 30 <02 087+05 80120 <100 92+ 1.1 6+1 180+20 13%0.1
4N 59+05 1.8+04 10+S 180+ 30 26+02 061+05 200+30 <100 90+ 14 6%1 50+10 1.210.1
SN 574105 3.1+04 8+5 400+ 60 2.1+02 13 +04 21020 <100 67+ 10 15+2 150+10 1.240.1
INE 62+05 48105 20+5S 570+ 90 15+02 57 +07 140+20 <100 27 + 2 1341 310+30 2.0%0.1
2NE 60+05 62107 25+S5 620+ 90 14+02 33 £05 260+20 <100 41 + 4  18+2 340130 2.1%0.1
3NE 58405 13103 <5 150+ 20 33103 072105 210+20 <100 140 +11 6+1 150+10 1.1+0.1
4NE 62+05 1.8+04 7+5 120+ 20 18+02 1.5 +06 200+20 <100 51+ 11 5+1 160+20 1.1+0.1
SNE 58+0S5 27+04 10+5 180 30 1.6+02 099103 200+20 <100 89+ 1.1 6+1 170+20 1.220.1
6NE 53+05 3.7+05 11+5 240+ 40 22102 16 +03 <100 13 + 2 8+1 190+20 13+0.1
1E 55+0.5 57+06 27+5 720+110 16+02 22 +05 170+20 <100 39 + 4  15+2 360+40 2.1+0.1
2E 62+0.5 50+06 23+S 590+ 90 <02 23 +04 80120 <100 40 + 4  14+1 210+20 2.4%0.1
3E 62+05 41105 15+S 390t 60 1.7+02 14 +04 110£20 <100 27 + 2 9+3  220+20 2.1+0.1
4E 57+05 42106 13+5 300+ 50 21102 28 +06 60+20 <100 15 + 2 1141 210+20 15101
SE 63+05 28105 10+S 260+ 40 23+02 057+04 160+20 <100 14 + 2 6+2 210+20 1.7+0.1
6E 59+05 26+05 9+5 190+ 30 20+02 12 04 <100 80+ 12 3+1 230+20 1.040.1
7E 62+05 1.8+05 10+5 180+ 30 26102 17 +0.6 100+20 <100 68+ 1.0 4+1 300+30 12+0.1
1SE 60+05 3.5+04 14+5 440+ 70 1.8+02 28 +04 160+20 <100 18 + 2  10+1 240+20 1.5+0.1
2SE 54+05 1.7+03 9+5 130+ 20 21102 35 +05 140+20 <100 44+ 12 S+1 190+20 1.0%0.1
3SE 60+05 1.6+03 7+5 140+ 20 22102 16 +03 260120 <100 43+ 09 2+2 270+30 1.1%0.1
1S 53405 43+05 165 390+ 60 17+02 36 +07 390+30 <100 21 + 2  14+1 22020 1.7+0.1
28 54+05 21104 9+5 150+ 20 19402 19 +06 180120 <100 42+ 08 5+1 140+10 1.0%0.1
3s 5705  1.7+03 <5 350+ 50 23+02 0.70+05 110+20 <100 54 + 4 7+1 150+£10 2.6+0.1
1SW 60+05 45+05 19+5 590+ 90 1.8+02 29 +04 140+20 <100 39 + 4 11+1 270+£30 22401
2SW 64+05 49+06 18+5 380t 60 20102 2.7 +05 <100 26 +3 16+2 300+30 19+0.1
ISW 67+05 35+04 13+5 200+ 30 2402 17 +05 100+20 <100 16 + 2 13+1 320+30 1.740.
1w 53+0.5 67+07 27+5 810+120 14+02 28 +04 260420 <100 40 + 4 17+2 270430 22+0.1
2W 59+05 55+06 24+5 610+ 90 09+02 1.8 +04 190+20 <100 48 + 4  14+1 320+30 22+0.1
3IW 55405 48406 25+5 570+ 90 14102 044+04 00+20 <100 38 + 3  11+1 340430 1.9%0.1
aw 60105 57106 20+S 690+100 17+02 41 +06 30+20 <100 42 + 4  15+2 390+40 22401
SW 57+05 57+06 19+5 700+110 16+02 10 +04 520+50 <100 46 + 4  14+1 320430 2.0+0.1
6W 55+0.5 54106 25+5 650+100 18+02 14 +04 130+20 <100 41 + 4 13+1 160+20 1.9+0.1
A 53405 53106 24+5 620+ 90 13+02 30 +05 30+20 <100 40 + 4  12+1 280+30 2.0+0.1
INW 55+05 56+06 27+5 660+100 11102 24 %05 <100 32 +4 16+2 310+30 2.040.1
2NW 54+05 51106 26+5 7001110 14102 042403 150+20 <100 45 + 4  14+1 250+20 2.1+0.1
INW 57+05 32+04 9+5 200+ 30 15+02 <0.3 250+20 <100 76+ 1.1  6+1 180+20 1.110.1
ANW 58405 25+04 105 160+ 20 21+02 073105 100+£20 <100 88+ 13 6+1 160+20 1.210.1
SNW 63+05 30+04 11+5 260+ 40 24+02 040104 150+20 <100 11 + 1 7+1 220+£20 1.6+0.1
6NW 62+05 24104 8+5 220+ 30 21402 065+05 140+20 <100 85+ 13 5+1 190+20 13101
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TABLE A-I (Continued)

Hg Li Mg Mn Ni NO, Pb PO, Rb 50O, Ti Zn
Location  (ppb) (ppm) (ppm) (ppm) (ppm) (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
IN 22+4 2412 3800+380 770+80 15 +2 60106 18+t2 15 +1 12015 10 *1 4200+400 51+3
2N 14+4 2312 34001340 530150 13 12 60106 3313 <0.6 12014 9.0+09 4300+450 412
3N 1844 29+3 1500+150 400+40 6511 20102 18+2 <0.6 130+15 40104 1200£170 583
4N 28+3 850+ 90 400+40 4711 60106 28+2 <0.6 150+18 40104 1100£170 523
5N 1244 25+3 2400+240 350+40 6811 10 +1 656 <06 120+13 40104 1300£220 6413
INE 22+4 25+3 37001370 740170 14 12 23 2 1812 <0.6 120+14 59 16 3700+390 52+3
2NE 27+4 25+3 40001400 570160 14 12 <09 202 20102 150118 10 +1 3800+390 52+3
3NE 14+4 24+2 670+ 70 390140 3.1+1 <09 12+2 7.0+07 120+14 60106 810+ 140 6413
4ANE 10+t4 26+3 510+ S0 460150 27+1 <09 152 40104 130+15 20102 1000+180 71t4
SNE 17+4 263 1200120 470150 68+1 <09 32+3 <0.6 120£13  3.0+03 1300+140 63+3
6NE 2+4 26+3 16001160 640160 52+1 <09 30+3 3.0+03 130+15 60106 1200+120 7114
1E 21+4 25+3 3800+380 630160 15 +2 7.0+07 25+2 80108 120+17 90109 43001450 45+2
2E 134 25+3 40001400 840+80 19 +2 60106 122 <0.6 120+ 14 80108 4900+280 5013
3E 17+4 24+2 27001270 430+40 6911 11 =+1 202 <0.6 110£12  7.0+07 2000+330 4812
4E 27+4 24%2 18001180 430140 631 14 +1 2512 <0.6 90+11 14 1 2000+240 6213
SE 1144 27+3 14001140 390+t40 561 16 +1 1612 <0.6 120+ 14  50+05 1700+210 5313
6E 13+4 26+3 930+ 90 360140 32+1 40104 8+2 <0.6 110£12 3.0+03 11001180 4712
7E 174 29+3 11001110 400+40 38+1 12 +1 19+2 50105 130t14 3.0+03 790+ 150 55+6
1SE 15t4 25+3 27001270 390t40 81+1 60106 192 3.0+03 90+10 60106 25001260 45+2
2SE 13t4 19+2 810t 80 4401t40 381 <09 14+2 25 2 120+ 14 34 13 850+ 90  59+3
3SE 7+4 263 860t 90 420140 12 +2 <09 812 <0.6 110£12 20102 950+ 100 58+3
1S 20+4 25+2 2200220 540+50 87+1 05+0.1 28+2 94 +9 120£15 22 12 2100£240 6243
28 164 22+2 760+ 80 400+40 34 +1 40104 1912 23 +2 110+ 12 <0.6 810+ 140 56+2
3S 22+4 22+2 1700£170 460+50 13 12 12 %1 11+2 50105 100+15 56 +6 4000+920 60+3
1SW 18+4 24%2 34001340 460150 1.6%1 <09 19+2 03101 120415 8.0+08 4200+430 49+3
2SW 20+4 2743 3000+300 520+50 75+1 60106 2012 <0.6 120+14 9.0+09 3100+340 51+3
3SW 20+4 28+3 2800+280 330+30 10 12 <0.9 24+2 20+02 110+14 13 +1 1400+ 190  56+3
1w 1744 22+2 33001330 690+70 16 +2 80108 25+2 40104 12015 10 =1 4200+250 48+2
2W 2+4 25+3 3600+360 670+70 11 12 60106 24+2 10 +1 150120 10 t1 3800 +400 4612
3W 164 20+2 3000+300 540+50 95+1 22 +2 25+2 40104 120115 10 t1 3600 £220 39+2
4w 23+4 26+3 39001390 650+60 16 +2 50105 25+2 20102 110+14 20102 3900+410 45+2
SW 2144 24+2 3900+370 600+60 14 12 26 12 2342 <0.6 12014 12 #1 42001240 412
6W 10+4 21+2 3300+330 S530+50 12 +2 80108 25+2 <0.6 100+14 70107 43001460 42+2
TW 18+4 23+2 2700+270 570+60 12 +2 60106 2312 <0.6 120+14 70107 4500+260 38+2
INW 31+4 232 34001340 660+70 16 +2 20+02 98+9 80+08 110+13 12 +1 4300+ 440 47+2
INW 20+4 2242 3300+330 640160 14 +2 40104 24+2 <0.6 130+16  9.0+09 44001460 3912
3NW 18+4 24+2 11001110 330+30 45+1 20102 22+2 <0.6 100+12  3.0103 940+ 160  48+2
ANW 20+4 28+3 950+100 360+40 36+t1 20102 1612 20102 130+15 40104 940+ 150 56+3
SNW 7+4 39+4 1200+120 600160 48+l <09 242 <0.6 16017 20402 1200£160 110+5
6NW 1544 23+2 1100+110 370+40 37+1 1.0101 23+2 01101 110+13 3.0+03 1100£170 52+3

*nsufficient sample for analysis where no data are reported. Uncertainties represent analytical uncertainties.
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TABLE A-II. Grass: Elemental Concentrations®

Al As B Ba Be Br Cd Cl Cr Cu F
Location (ppm) (ppm) (ppm) (ppm)  (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
IN 1300+ 380 <0.08 <10 160 +20 2700 + 400 50105 16102
2N 1500+ 460  0.17+005 22+5 130 +10 1700 + 260 43104 26103
3N 230+ 70 0061002  7tS5 16 + 2 <0.2 1500 + 220 3.1+03 24102
4N 4400 + 1300 <0.03 6+5 44+10 21+2 31 % 3 <0.2 2400 + 360 40+04 33103 22402
SN 320+ 100 0324006 14+5 90+20 11+2 20 + 2 2000 + 300 37+04 44104 1310.1
INE 720+ 220  0.57+0.10 <5 110 +10 2400 + 360 7.5+0.8 0.810.1
2NE 460+ 140 025+006 8+5 32 +3 1500220 13 +13 09+10.1
3NE 260+ 80  0.55+0.08 23+5 10 + 1 900 + 140 97410 0.7+0.1
4NE 280+ 90  0.23+0.05 <5 11 £ 1 007+001 1500 + 230 6.110.6 0.6+0.1
SNE 220+ 70 0511007 9+5 10 + 1 2600 + 380 65107 0.6+0.1
6NE 300+ 90  0.53+0.08 8+5 13 +1 1500 + 230 43104 0.710.1
1E 1300+ 380  0.17+0.06 <5 51 +5 1400 £ 210 39104 09+10.1
2E 310+ 90  0.08+0.05 <5 34 + 3 960 + 140 2.1+02 1.510.1
3E 2000t 610 0.15+007 13%5 29 + 3 <0.2 2100 + 310 96+10 1.6+02
4E 240+ 70 0501007 11+5 5010 4+2 12 + 1 980+ 150 21402 5.0+05 1.1+0.1
5E 200+ 90  0.1910.07 <5 50 + 5 2700 + 400 2.5+03 0.8+0.1
6E 150+ 50 0311005 10+5 62+ 06 <02 1300 + 190 1.6+02 0.8+0.1
7E 250+ 80 0611008 105 42410 6+2 13 + 1 <0.2 1400 + 220 35+04 50105 1.0+0.1
1SE 330+ 100 0331006 845 13+10 17+2 12 + 1 <0.2 1500 + 220 33+03 66107 09+0.1
2SE 260+ 80 024+004 9+5 86+20 8+2 27+ 03 <02 400+ 60 31403 48%05 1.0+0.1
3SE 240+ 70 0321006 14+5 90+20 8+2 33 + 3 <02 2100 + 320 76+08 14 +14 0910.1
1S 200+ 90 0191004 1245 13 £ 1 1100 £ 160 39+04 0.610.1
28 250+ 70 027+004 10+5 25 +2 1600 + 240 3.5+04 0.7+0.1
3S 240+ 70 0391006 <5 90+ 20 <3 15 +2 <03 6000+890 13 +13 69107 0.710.1
1SW 460+ 140 0311005 21+5 22+10 6+2 39+ 04 <02 340+ 50 39404 92409 12+0.1
2SW 250+ 70  0.29+0.05 9+5 45+10 6+2 19 + 2 <02 1300 + 200 35+04 7.6+08 0.7+0.1
3SW 240+ 70  03110.07 <5  150+30 5+42 23 + 2 <0.2 5600+850 13 +13 39+04 0.610.1
1w 1500+ 460 0.81+0.12 34%5 77 + 8 1600 + 250 69107 34403
2W 600+ 180  0.3710.11 <5 10020 10%+2 98 +10 <05 1900 + 280 41+04 34103 13+0.1
3W 1100+ 340 0724013 12+5 44+10 10+2 150 +15 <02 4200 + 630 59106 68107 12+0.1
4w 810+ 240  0.48%0.10 26%5 69 + 7 940 + 140 32403 97+1.0 1.6+02
5W 096+0.14 12+5 91 + 9 2300340 13 +13 11 +1.1 15101
6W 1200+ 350 0.59+0.10 29+5 200+40 42+4 72 + 7 <0.2 2400 + 370 21+02 76+08 10+0.1
W 710+ 210 0201006 11+5 32+10 16+2 37 + 4 <02 2000 + 300 5105 0.8+0.1
INW 880+ 260  0.29+0.08 75 47 + 5 1900 + 280 52+05 1.11£0.1
INW 540+ 160 062+0.11 175 24 + 2 410+ 60 6.3 106 1.1£0.1
3NW 190+ 60 0131004 11%5 59+ 06 1800 + 270 8.1+08 0.6+0.1
ANW 390+ 120 0221004 <5 15 2 970 £ 150 43+04 0.9+0.1
SNW 220+ 70 0251005 <5 17 + 2 2300 + 350 63106 0.7+0.1
6NW 150+ 50  0.32+0.05 9+5 19 +2 1900 + 290 28403 0.7+0.1
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TABLE A-II (Continued)
Fe Li Mg Mn Ni NO; Pb POy Rb SOy Ti Zn :

Location  (ppm) (ppm) (ppm) (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)  (ppm) (ppm)

IN 490+ 100 52+11 110 £+ 10 2500 + 250 44+12 360+ 40

2N 540 + 100 45+ 10 810 % 80 1400 + 140 49+12 450+ 50

3N 90+ 20 28+ 6 401+ 04 2000 £+ 200 531212 9901100

4N 810+160 020+0.10 1300+130 52+11 18 +£2 1300 130 3.0+1.0 2000+200 18 +12 270+ 30 21+ 3 9.4+09

5N 130+ 30 <0.20 1200+£120 17+ 5 70110 450 £ 50 20+£10 11001110 7.1£12 570+ 60 16+ 3 21 %2

1INE 300+ 60 39+ 8 200 + 20 2600+260 11 +12 920%+ 90

2NE 270+ 50 33+ 7 93 + 9 2100 £ 210 22+1.2 13001130

3NE 2401+ 50 73115 <0.9 2000 £ 200 43+12 5201+ 50

4NE 140+ 30 32+ 7 190 £ 20 2000 £ 200 64112 540t 50

SNE 100+ 20 35+ 7 300 + 30 2000 £ 200 95+12 470t 50

6NE 100+ 20 57112 200 * 20 1300+ 130 26+12 740+ 70

1E 460t 90 36+ 8 200 * 20 1600 t+ 160 54+12 320+ 30

2E 110+ 20 24+ 5 100 £ 10 1900 £+ 190 <12 610t 60

3E 230+ 40 17+ 4 600 + 60 1500 £+ 150 55+12 1100t110

4E 110+ 20 <0.20 1100+110 23+ 5 35 14 150 £ 20 <30 1100t110 3612 820+ 8 16+ 3 14 +1

SE 110+ 20 24+ 5 410 £ 40 700+ 70 11 12 230+ 20

6E 60+ 10 31+ 6 250 + 30 2000 £+ 200 42+12 990+ 100

7E 90+ 20 <0.20 1200+£120 31+ 6 15 12 60 £+ 6 10110 820+ 80 27+12 1200£120 12+ 3 16 £2

1SE 150+ 30 0.50+0.05 820+ 80 26 5 28 3 270 £+ 30 1.0+1.0 1900190 22+12 1500150 29+ 3 12 %1

2SE 170+ 30 0371004 11001110 79x16 20 3 260 30 1.0+£1.0 11001110 2612 270+ 30 25+ 3 22 2

3SE 150+ 30 0.20+0.10 15001150 32+ 7 29 3 <09 1.0+1.0 1100+110 88+12 320+ 30 17+ 3 24 %2

1S 130+ 20 25+ 5 100 + 10 1700 + 170 44112 8401 80

28 70+ 20 30+ 6 100 £ 10 2300 + 230 38+12 950+ 90

3S 200+ 40 <0.20 1500+ 150 64t13 32 +4 660 1 70 <3.0 2000200 23+12 130+ 10 16+ 3 39 +4

1SW 160+ 30 0.71+£007 1100+110 180x35 22 +3 600 60 1.0+1.0 760t 80 <1.2 290+ 30 22+ 3 16 £2

2SW 150+ 30 0351004 9801100 61%+12 28 %3 <09 <3.0 1400+ 140 21+12 11001x110 24+ 3 19 2

IsSwW 150+ 30 <0.20 1300+ 130 60+12 20 £3 180 £ 20 <1.0 47001470 70+12 590+ 60 36+ 3 52 %5

1w 720 1+ 140 87118 1200 120 4100+ 410 8.0+1.2 1200+ 120

2w 270+ 50 027+0.10 610+ 60 38+ 8 24 +3 110 £+ 10 <30 1900190 50t12 880+ 90 88+ 8 14 +1

3w 610+120 0.75+0.08 1100+110 54x11 25 3 690 + 70 3.0+1.0 3100+310 7012 970100 56+ 5 23 2

4W 350+ 70 0.45+005 1000+100 59t12 1100 110 4.01+1.0 3200+320 2612 450% 50

5w 580+ 120 41+ 9 200 £ 20 1800 + 180 48+12 750+ 80 A

6w 470+ 90 0341003 15001150 52+11 34 +4 1100 110 1.0+1.0 2400+240 69+12 740% 70 250+25 22 2

TW 430+ 80 0.281+0.03 1700+170 74x15 55 6 310 30 1.0+1.0 1600+ 160 50+12 1100x110 64+ 6 15 £2

INW 380+ 70 38+ 8 240 £ 20 2100 +£210 35+12 810+ 80

2NW 270+ 50 170+ 33 140 £ 10 910+ 90 <12 880+ 90

3INW 130+ 30 26t 6 1200 1120 1900 £ 190 8.1+1.2 280t 30

4ANW 170+ 30 26+ 6 290 30 1300 + 130 43+1.2 1201+ 10

SNW 160+ 30 31+ 7 960 1100 2000 £ 200 63112 170+ 20

6NW 80+ 20 13+ 3 380 = 40 980+ 100 28112 850+ 90

3nsufficient sample for analysis where no data are reported. Uncertainties represent analytical uncertainties.
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TABLE A-IIL. Juniper: Elemental Concentrations®

Al As B . Ba Be Br Cd Cl Cr Cu F

Location (ppm) (ppm) (ppm)  (ppm) (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

IN 300+ 90 0.17£005 28%5 26 +3 790+ 120 3.7+04 0.40 £ 0.04
5N 560 + 160 0.08+0.02 175 95+10 0.1310.01 780+ 120 4.7+0.5 0.30+0.03
INE 400 + 120 0.10£003 16%5 33 +3 1200+ 180 4.0+04 0.40 + 0.04
2NE 270+ 80 0051002 22+5 5.5+0.5 1100+ 170 59+06 0.30+0.03
3NE 250+ 70 006+0.02 275 63+0.6 0.11+0.02 1200+180 3.0+03 0.10+0.01
1E 260+ 80 0.10£004 23t5 38 +4 0.10+£0.02 1300+200 2.0+0.2 0.10+0.01
2E 240+ 70 0.06+003 24+5 22+10 12+2 42 +5 <0.20 920+140 29403 47105 0.30+0.03
3E 200+ 60 0.06+0.02 1815 76+08 020+0.02 460+ 70 29+03 0.10£0.01
4E 140+ 40 <0.02 1615 37+04 350+ 50 5.0+05 0.10+ 0.01
SE 150+ 50 0.04+002 15%5 43+04 02210.02 540+ 80 3.5+04 0.10+0.01
7E 280+ 80 0.15+£002 16+5 52+20 27%2 38+04 <0.20 480+ 70 1.6+02 36+04 0.1010.01
1SE 480+ 150 0.15+004 1715 290+50 29+3 57406 <1.0 460+ 70 1.5+02 40+20 020+0.02
18 250+ 70 0081002 215 32+03 0.10+0.01 800+120 59+0.6 020+ 0.02
1SW 330+ 100 006+002 23+5 31+10 14t4 36+04 0.10+0.10 710+ 110 1.7+02 3.5+04 0.10+0.01
1w 310+ 90 0.14+004 2245 34 13 0.13+0.01 990+ 150 2903 0.60 £ 0.06
2W 250+ 70 <0.03 34+5 28+10 112 30 %3 025+0.10 1100£170 25+03 59+0.6 040004
IW 520+ 220 0.08+0.03 27+5 180+40 12+2 27 +3 <0.30 830+120 40104 94109 0.30+0.03
4W 460 + 140 <0.03 50+5 83+20 24+2 51 +5 0.10+£0.10 1400+210 4605 7.7+08 0301003
6W 960 + 290 0.06+004 29+5 220+40 22+2 65 +7 <0.70 20004290 47105 10 +1.0 040+0.04
W 430+ 130 006+002 22+5 44110 14+2 18 %2 <0.20 780+120 19+02 4705 0.30+003
INW 300+ 90 008+0.04 21%5 32 +3 970+ 150 4.1+04 0.10+0.01
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TABLE A-III (Continued)

Fe Li Mg Mn Ni NO; Pb PO, Rb SO4 Ti Zn
Location  (ppm) (ppm) (ppm) (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
IN 140+ 30 55+ 11 <0.9 2400+240 19+12 610+ 60
5N 200+ 40 37+ 43+ 4 1100+£110 30z%1 180 + 20
INE 180+ 40 38+ 8 98 + 10 4300+430 69+12 83080
2NE 140+ 30 57+ 11 110+ 10 3800+380 24+12 790+80
3NE 170+ 30 58+ 12 <0.9 1400+ 140 29+12 440+40
1E 90+ 20 4+ 9 88+ 9 3400+340 34+12 520+50
2E 60 10 <020 2500+250 S6+11 9.0+1.0 130+10 <3.0 3200+320 19+12 350+40 30+ 3 20 %2
3E 80+ 20 38+ 8 90+ 9 1500+ 150 2.1+12 280+30
4E 70+ 20 26+ 5 88+ 9 1600160 50+12 220+20
5E 80+ 20 37+ 8 97+ 10 1200+£120 20+1.2 280%30
7E 110+ 20 024+0.10 1700+£170 43+ 9 30+10 150+20 30+1.0 1600+160 18+12 530£50 41+ 5 19 %2
1SE 180+ 40 <10 1700+ 170 30+ 20+£10 130+10 40+20 1200+120 <12 170+20 150+20 9.2+0.9
18 140+ 30 53+11 55+ 5 1900+190 26+1.2 340+30
1SW 110+ 20 <020 23004230 46+ 9 20+10 71+ 7 <30 1600£160 19+12 240+20 23+ 6 24 +2
1w 160+ 30 54+11 240 + 20 2200 + 220 <1.2 370 + 40
2W 140+ 30 020+0.10 2500+250 62+13 110+20 120+10 <30 2100+210 25+12 820+80 16+ 3 21 %5
IW 190+ 40 030+0.10 3000+300 S1+10 43+05 110+10 1.0+1.0 3100+310 35+12 56060 65+ 6 20 +2
AW 240+ 40 035+0.04 2600+260 S8+12 19+05 110+10 20+10 3400+340 47+12 520+50 48+ 3 27 +3
6W 500+ 100 044+004 3600+360 55+11 98+10 11010 <30 3400+340 4.1+12 600+60 15015 27 %3
A 170+ 40 041£004 2000+200 44+ 9 41+05 11010 <30 2400+240 1.1+12 720+70 78+ 8 19 +2
INW 160+ 30 56+ 11 90+ 9 2400+240 43+12 590160

*Insufficient sample for analysis where no data are reported. Uncertainties represent analytical uncertainties.
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TABLE A-1V. Piiion: Elemental Concentrations®

Al As B Ba Be Br Cd Cl Cr Cu F

Location (ppm) (ppm) (ppm) (ppm)  (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

2N 140 £ 40 <0.03 185 19 +2 320+ 50 29 +03 0.40 + 0.04
3N 190 £ 60 009+ 003 145 79 £ 038 230+ 30 3.6 +04 0.30 + 0.03
AN 130 £ 40 0.18+ 004 22t 5 50+05 010+ 001 420+ 60 3.1 +0.3 0.30 + 0.03
4NE 220 + 70 0.15+ 003 225 15 +2 280+ 40 42+ 04 0.10 £ 0.01
5NE 140 + 40 0.10+ 002 215 51+05 470+ 70 28 +03 0.10 + 0.01
6NE 180 + 60 0.11+ 003 11%5 99 +1 330+ 50 23 +02 0.10 + 0.01
6E 140 * 40 015+ 002 25+5 2710 18+2 60 +06 <030 400+ 60 14+0.1 2202 0.0+ 001
2SE 250 + 70 020+ 003 17%5 5.1£0.5 010+ 002 260+ 40 1902 7.0+3.0 020 0.02
ISE 310 + 90 017+ 003 28+5 28+10 13+2 83 +08 020+ 001 370+ 60 36+04 25+03 0.10 001
28 230 £ 70 008+ 002 19+5 1710 82 17 +02 <020 440+ 70 1.0 = 0.1 0.10 + 0.01
3s 290 + 90 030+ 004 18+5 73 £ 07 <0.50 230+ 40 1802 4010 020+ 002
ISW 220 + 70 021+ 003 465 94 + 09 4000 £ 600 4.1 + 0.4 0.20 + 0.02
5W 280 + 80 0.19+ 004 23t 5 55 +6 005+ 001 710+110 2.1 +02 0.70 £ 0.07
INW 100 + 30 018+ 005 175 41 *4 460+ 70 68 + 0.7 0.10 + 0.01
3NW 290 + 90 0.15+ 003 175 97 1 390+ 60 52 +05 0.10 + 0.01
ANW 200 + 60 0.14+ 004 23+5 <100 24+4 29 +3 <8.0 450+ 70 33 03 <15 0.10 + 0.01
SNW 230 + 70 008+ 002 25%5 30 +03 250+ 40 48 + 0.5 0.20 + 0.02
6NW 120 £ 40 009+ 002 235 3.6 + 04 330+ 50 27 +£03 0.10 + 0.01
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TABLE A-1V (Continued)

Fe Li Mg Mn Ni NO3 Pb PO4 Rb S04 Ti Zn
Location (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)  (ppm)
2N 72 +£20 74 £ 15 <0.9 : <0.6 48 +1.2 19+ 2
3N 110 £ 20 190 + 39 8+ 1 1600 £+ 160 49 +1.2 1000 +100
4N 53+10 100 + 18 <09 2400 £+ 240 98 +12 730 £ 70
4NE 95 +20 500 +100 <09 820+ 80 2.7 +12 1300 +130
SNE 40 £ 10 220 + 44 <0.9 2000+ 20 3.8+12 770 + 80
6NE 47 £ 10 150 + 31 10010 800+ 80 1612 470 + 50
6E 40+10 5305 2000200 8617 22+ 05 <09 10£1.0 2200+£220 5312 840 +8 13+3 39 *+4
2SE 9+20 7.0+ 20 1200+120 13025 <0.9 <0 1400 £ 140 4.0+12 610 + 60
3SE 130+30 1.1+ 0.1 1800+ 180 190 + 38 35405 50+S5 10+£10 80+ 9 1812 960 100 11+3 23 +2
2S 70+£20 27+03 1700+170 150 * 31 41+ 05 <09 3100 £310 67 +12 650 £+ 70 13+3 39 +4
3S 150+£30 0705 1600160 120 24 62+ 6 <30 1100+110 <1.2 550 + 60 28 +3
ISwW 120 £ 20 76 + 15 13010 1300 + 130 <1.2 420 + 40 40+ 04
5w 130 + 30 58+ 12 11010 2500 £250 33 +12 360 + 40
2NW 94 + 20 77 £ 15 92+ 9 3200 £320 33 +£12 130 + 10
INW 89 +20 340+ 70 120+10 1100+ 110 1.5+12 1100 +110
4NW 60 + 10 <8.0 3100 £ 310 540110 12 #10 10010 <99 1600 £+ 160 4.6 +12 630 + 60 340+100 69 +7
SNW 86 £20 460 £ 90 <0.9 2400 £240 6.8 £12 1700 +170
6NW 79 +£20 61 +12 <0.9 1400 £ 140 5.8 £1.2 460 + 50
nsufficient sample for analysis where no data are reported. Uncertainties represent analytical uncertainties.
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TABLE A-V. Oak: Elemental Concentrations®
Al As B Ba Be Br Cd Cl Cr Cu F

Location (ppm) (ppm) (ppm) (ppm)  (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
2N 860 +260 044+ 0.07 818 12 1 65+10 35 +04 0.60 = 0.06
2NE 300 = 90 007+ 003 62x6 31 03 200+30 29 %03 0.20 £ 0.02
2E 760 +230 0.16+ 0.04 69+ 7 16 £2 034+ 003 230+30 24 £0.2 0.20 £ 0.02
1SE 370 £110 020+ 003 485 2510 182 53 05 <0.20 260+40 22 +02 5506 0.10x001
2SE 650 +200 0.13+ 003 63x6 1810 29+ 3 34 £04 <0.20 36050 19+02 7307 020%0.02
1S 350 110 0.10+ 0.04 667 5305 280+40 6.5 0.7 0.20 £ 0.02
28 580 +180 0.14+ 0.04 79+ 8 73+£20 909 5305 <0.20 28040 33 +£03 8108 040%0.04
1SW 470 £140 0.12+ 004 485 54 05 38060 69 0.7 0.20 £ 0.02
2SW 210 + 60 0.14+ 003 49zx5 22 +£02 240+40 64 £ 0.6 0.20 + 0.02

Fe Li Mg Mn Ni NO;3 Pb POy Rb S04 Ti Zn

Location (ppm) (ppm) (ppm) (ppm)  (ppm) (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

2N 350+70 430+ 86 <0.9 190+ 20 <0.6

2NE 190 £ 40 220+ 43 <0.9 1900 + 190 230+ 20

2E 280+ 60 390 78 120+ 10 2800 £ 280 930+ 90 24+ 3 18%2
1SE 18040 0.31+0.03 2300+230 500+100 48%0.5 8010 <3.0 1100110 18 2 200+ 20 34+10 26%3

2SE 150+30 7.1 £0.7 2400240 550110 40%1.0 110x10 <3.0 1400140 26 =3 290+ 30

1S 140+ 30 450 90 100£ 10 1800 180 490+ S0 :
28 21040 54 05 2800280 590+120 4405 130+x10 3.0+1 2500250 59%12 990+100 30+ 3 30zx3 »
1SW 240+ 50 500 % 100 190 + 20 1600 + 160 250+ 30

2SW 170+ 40 870+ 170 120+ 10 1600 + 160 380+ 40

Insufficient sample for analysis where no data are reported. Uncertainties represent analytical uncertainties.










