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SIGMAMESA:

BACKGROUND ELEMENTAL CONCENTRATIONS
IN SOIL AND VEGETATION, 1979

by

RogerW. Ferenbaugh,ErnestS. Gladney,
and George H. Brook Jr.

ABSTRACT

In 1979,soil and vegetationsampleswere collectedon Sigma Mesa to
providebackgrounddata beforeconstructionon the mesa. Elementaldata are
presentedfor soil, griw%juniper, piiionpine, and oak. None of the data looks
out of the ordinary.

I. INTRODUCTION

In 1979,SigmaMesawasa rclat.ivelyundisturbed
areacastof thebuildingslocatedimmediatelyad~centto
DiamondDrive. At thattime,theonlyactivitythathad
occurredon themesaat anydistancefromDiamond
Drivewastheerectionofanantennafarmabout1mile
fromtheroad. 1,11979,thedecisionwasmadetodrilla
geothermalwellonSigmaMesa. Thiszwtivitywas
scheduledtobeginin thesummerof 1979.SigmaMesa
alsowasprojectedtobea growthareaforcontracx
facilities.Forthesertasons,a projectwasinilat.edin the
EnvironmentalSurveillanceGroup(H-8,rcrtimedthe
EnvironmentalProtectionGroup[HSE-8]in 1989)to
undertakea comprehensivesoiland vegetationsampling
programon SigmaMesa.Thepurposeof thesamp!ing
programwastoacquire,beforeanydisturbance,a setof
datatobeusedasbackgrowldforfutureimpactanalysis.

II. METHODS

Asamplinggridwasestablishedusingtheproposed
locationof thegeothermalwellas thecenterof thegrid.

Transectswererunat eightcompasspoims: N,NE,E,
SE,S,SW,W,andNW. Sampleswerecollectedalong
thesetransectsat 2S0fg 50CfLandthereafterat intervals
of 5( ftout to2500ft.or as faras possiblebeforethe
trwscctwasterminatedbecauseofobstacles(suchas
mesawallsandroads).TableI givesa tabulationof
samplingsitesandsamplescollectedateachsite.
Figure1showsthelocationof thesamplingareawithin
Laboratoryboundaries,andFig.2 showsindividual
samplinglocations.

At eachlocation,surfacesoilsamples(O to2 in.
deep)andgrasssampleswerecollected.Foliagesamples
werecollectedif treespecieswerepresent.Thethreetree
speciesthatwereencounteredwereoak(Quercusun-
ddafa), pii50npine(Pirrusedufis),andjuniper(Juniperw
mvwspenna).Grasseswerenotidentifiedas to ~ics.

Soilsampleswerepassedthrmgha coarsesieve
(20mesh)toremovemattersuchaspebblesa~dtwigs,
andthenthesampleiwereair-driedandgroundina Spex
Industrieschatterbox.Vegetationsamplesweredriedina
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TABLE I. Sampling Locationaand SamplesCollected

Sample Type of SampleCollected

Designation Location Soil Gras Juniper Pinon Oak
— ———
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IW ft
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1000(t
l.it~ h
20Wtl
264) ft
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250;~
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250ft
500ft

TA-35

250ft
f)o ft
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250ft
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Fig.1. Locationofsamplingarea.

forced-aircirculationovenat60°Cfor2 daysandthen Qualityassurancewasprovidedbyconcurrentanalysisof
weregroundin tic shaucrbox. a varietyof National Bureauof Standards(NBS),IJnitcd

StatesEnvironmentalProtectionAgency(EPA),and
Afterthesampleswereprepared,asdescribedabove, UnitedStatesG@ogicalSurvey(USGS)rcfcrencc

theyweresubmittedfora varietycf elementalanalyses. materialsusingtheapproachdocumentedinGladncy
Severalanalyticaltechniqueswereused,including ctal. (1981).
neutronactivationanalysis,atomicabsorption,ion
chromatography,ionselectiveelectrodeanalysis,and

III. RESULTSsomespxial analyticaltechniques.Theproceduresused
fortheseanalyseshavebeendescribedindetailin TableII summarizesthemeansandstandarddevia-
GautierandCiladney(1986)andGladneyet al. (1980). tionsof thesoildata,Tables111throughVI summarize
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T,\BLE 11. ElementalConcentrationsin Soil

.—
Standard No. of

Elementti Mean Deviation Sampies Maximum Minimum

Al(%)
As
B
Ba
Bc
Br
Cd(ppb)
c1
Cr
Cu
F
Fc(%)
}‘g @pb)
L]
M.&(%)
Mst
~:

~>

R
PC%
Rb
S04
Ti (%)
Zn

5.8

3.9
16

410
1.9
1.9

170
C1OO

27
‘o

?40

1.7
18
24
‘9.23

$!0

89
8.1

24
11

120
10
0.26

54

0.35
1.6
7.2

220

0.49
1,2

100

24
4.5

74

0.48

6.0
4>

0.i2
130

4.8
6,5

1.5
20
15
13
0.15

12

40 6.7
40 (j.1
38 27

40 810

37 3.3

38 5.7

36 520
40

40 136

40 18
40 390

40 2.6

39 ,,>

4@ 39

40 0.40
40 840
46 19

30 26
40 98
21 94
40 160
39 59
40 L49

40 71

5.3
1.3
7.0

120
1.1
0.40

30

4.2

2.0
c.

1.0
7.0

19
0.051

330
1.6
0.50
8.0
0.10

90
2.0
0.079

38
—

aDataarereportedinpartspermillion(ppm)unlessotherwisenoted.
—

vegetationclan,andTableVIIshowssoildatafromother ticsof thevolcanictufffromwhichtheSigmaMesasoil
sourcesforcomparisonwiththedatainTableII. In is derived.
general,theSigmaMesadataagreeWC1lwiththedata
fromothersources.Thoseinsraneeswhen thereissome Theresultsof theindividualanalysesarc tabulatedin
discrepancycanbeattributedto thechemicalcharactcris- theAppendix,TablesA-IthroughA-V.
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TABLE 111.ElementalConcentrationsin Craw

Standard No. of
Element* Mean Deviation Samples Maximum Minimum

Al
As (ppb)
B
Ba
Be(ppb)
Br
Cd
c1 (%)
Cr
Cu
F
Fc
Li(ppb)
Mg(%)
Mn
Ni
N%
Pb
FQ (90)
Rb
sod
Ii
Zn

—

650

360
14
73
12
40

<200
0.19
5.5
6.8
1.1

260
40
0.12

48
26

420
1.7
0.19
5.6

690
46
21

770
210

7.0
50
10
41

0.12
3,2
3.0
0.60

190
190

0.028
35
11

380
1.1
0.083
3.2

360
60
11

39
38
29
15
14
40

15
40
40
16
40
40
11
16
40
15
37
11
40
37
40
15
15

4400
960
34

200
42

160

0.60

13
14
3.4

Slo
750

0.17
180
55

1300
4.0
0.47

18
1500
250
52

150
60
7.0

13
4.0

2.7

0.034
1.6
3.3
().60

60
200

0.061
13
7.0

60
1.0
0.070
2.1

120
12
9.4

aDataarcreportedinpartspermillion(ppm)unlessotherwisenoted.
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TABLE IV. ElementalConcentrationsin Juniper

Standard No. of
Elementa Mean Deviation Samples Maximum Minimum

Al 350
As(ppb) 90
B 23
Ba 110
Be(ppb) 18
Br 21
Cd(ppb) 140
c1 910
Cr 3.5
Cu 5.9
F (ppb) 250
Fe 160
Li (ppb) 320
Mg(%) 0.24
Mn 48
Ni 5.2
N@ 110
Pb 2.5
P04 (%) 0.23
Rb 3.1
S04. 470
Ti 67
Zn 21

180
40
8.0

100
7.0

18
60

390
1.4
2.5

140
91
90
0.061

10
3.7

41
1.3
0.096
1.4

210
51
5.0

21

18
21

9
9

21
10
21
21
9

21
21
6
9

21
9

19
4

21
19
21
9
9

960
170
so

290
29
65

250
2000

5.9
10

500
440

0.36
62
il

24t~
4.9
~.43

6.9

830
150

27
——

140
40
15
22
11
3.2

100
350

1.5
3.5

100
60

200
0.17

26
1.9

43
1.0
0.11
1.1

170
16
9.2

aDataarereponedinpartspermillion(ppm) unless otherwise noted.
——
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TABLE V. ElementalConcentrationsin PiiionPine

Standard No. of
Elementa Mean Deviation Samples Maximum Minimum

Al 200

As (ppb) 150
B 22
Ba 24
Be(ppb) 16
Br 13
Cd(ppb) 110
cl 570

Cr 3.2

Cu 3.9
F (ppb) 190
Fe 87

Li 3.4
Mg(%) 0.19

Mn 200
Ni 5.5
N@ b
Pbb
P04(%) 0.18
Rb 4.4
S04 750
Ti 94
Zn 34

65

60
7.0

6.0

7.0

14

60

860

1,5
2.2

160
33
2.7
0.064

160
4.4

0.077
2.2

380
160

26

18
17
18
3
4

18
4

18
18
4

18
18
5
6

18
4

17
16
17
4
6

310
300
46
28
24

55

200
4000

6.8

7.0
700
150

7.0
0.31

540
12

0.32
9.8

1700
340
69

100
80
11
17
8.0
1.7

50
230

1.0

2.2

100
40

0.70
0.12

58
2.2

0.080
1.5

19

11
4.0

aDataarcreportedin parts per million (ppm) unless otherwise noted.
%0 average w= calculated (see data in the Appendix).
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TABLEVI. ElementalConcentrationsin Oak

Standard No. of
Elementa Mean Deviation Samples Maximum Minimum

Al

As (ppb)
B
Ba
Be(ppb)
Br
Cd(ppb)
c1
Cr
Cu
F (ppbj
Fe
Li
Mg(%)
Mn
Ni
N%
Pb
P04 (%)

Rb
S04
Ti
h

510
170
63
39
46
6.4

<200
260

4.0
7.0

260
210

4.3
0.25

500
4.4

120
<3.0
0.17

17
470
29
25

220
110
13
30
39
4.6

92
2.0
1.3

150
68
3.5
0.026

180
0.40

34

0.076
10

320
5.0
6.0

9 860
9 440
9 81
3 73
3 90
9 16
3
9 380
9 6.9
3 8.1
9
9 350
3 7.1
3 0.28
9 870
3 4.8
7 190
3
9 0.28
3 26
8 990
3 34
3 30

210
70
48
18
18
2.2

6;
1,9
5.5

100
140

0.31
0.23

220
4.0

80

0.019
5.9

200
24
18

aDatsarerepomxtinpm.s per million (ppm) unless otherwise noted.

9



TABLE %’11.ElementalAbundancein the Earth’sCrust

Concentrations(ppm)

Element Masona Vinogradovb Vinogradovc Wedepohld

Al
As
Ba
Bc
Br
Cd
c1
Cr
Cu
F
Fc
Hg
Li
Mg
Mn
Ni
Pb
Rb
Ti
Zn

Ag
Au
Ca
cc
co
Cs
Dy
Eu
Ga
Gd
Ge
Hf
1
In
K
La
Lu
Mo
Na
Nb
Nd
s
Sb
Sc
Se
Si

81300
1.8

425
2.8
2.5
0.2

130
100
55

625
50000

0.08
20

20900
950
75
13
90

4400
70

0.07
0.004

36300
60
25
3
3
1.2

15
5.4
1.5
3
0.5
0.1

25900
30
0.5
1.5

28300
20
28

260
0.2

22
0.05

277000

104500
6.6

800
7
6
0.3

160
160
57

500
33300

0.4
60

13400
670
95
20

400
4500

80

0.9
—

25300
30
23
12
4
1

4b
5
7
4
1

—
22800

40
0.2
2

6600
20
18

3000
1

10
0.6

248000

71300
5

500
6
5
0.5

100
200
20

200
38000

0.01
30

6300
850
40
10

100
4600

50

0.1
—

13700
50
8
5

—
—
30
—

1
6
5

—
13600

40
—
2

6300
—
—

850
—
7

—
330000

78300
1.7

590
2
2.9
0.1

320
70
30

720
35400

0.03
30

13900
690
44
15

120
4700

60

0.06
0.004

28700
75
12
2.7
6.1
1.4

17
8
1.3
3
0.5
0.07

28200
44
0.6
1

24500
20

>30
31(2

0.2
14
0.09

305000
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TABLEVII (Continued)

Concentrations(ppm)

Element Mason” Vinogradovb Vinogradovc Wedepohld

Sm
Sn
Sr
Ta
Tb
Tc
n
u~

w
Y
Yb
Zr

6
2

375
2
0.9
0.01
7.2
1.8

135
1.5

33
3.4

165

5
30

450
3.5
0.9

—

11
3.2

130
—

33
2

200
.2

—

10
300

—

6
1

100
—

50
—

300

>7
3

290
3.4

<1.4
0.002

11
3.5

95
1.3

34
3.4

160

Wmtal conccmrations (Mason 1966).
bSedirncnkuy rocks, shales, and clays (Vinogradov 1959).
CSoilconcentrations (Vinogradov 1959).
‘Crusbl concentrations (Wedcpohl1%8).

REFERENCES

Gauticr, M. A., and E. S. Gladncy, Eds.,“Healthand
EnvironmentalChcmistry:AnalyticalTcchniqucs,
DataManagement,andQualityAssurance,”Los
AkunosNationalLaboratoryreportLA-10300-M
(1986),Vols.I andII.

G!adncy,E. S.. D.B.Curtis,D.R.Pcrrin,J. W.Owens,
andW.E.Goode,“NuclearTechniquesforthe
ChemicalAnalysisofEnvironmentalMaterials,”Los
AlamosScientificLaboratoryreprt LA-8192-MS
(1980).

Gladney,E. S.,J. W.Owens,T. C.Gunderson,andW.E.
Goode,“QuaiityAssuranceforEnvironmental

AnalyticalChemistry:1976–1979,”LosAlamos
NatiomlLaboratowreportLA-8730-MS(1981).

Mason,B.J., Introductionto Geochemistry,3dcd.(John
Wiley&Sons,Inc., Ncw York,1966).

Vinogmdov,A.P.,TheGeochemistryofRareand
DispersedChetru”calElementsinSoils,English
translation,2ded. (ConsultantsBureau,NewYork,
1959).

Wedcpohl,K. H.,OriginandDistributionoftheEle-
ments,L. H.Ahms, Ed.(PergamonPress,London,
1968),pp.999-1016.

.....!.



APPENDIX

13



88888
8888888888888888

888888
8888888

888888
-----

------
-------

---
---

---
-+

fi-.--
\

tV
v

V
v

V
v

v
V

v
v

v
v

v
V

v
v

v
v

V
v

V
v

v
v

V
v

V
v

v
V

v
V

v
;;~

~
~

;

14



+
1
-H

-H
+
+

+iii+iii+i+l
00000

0
0

0
0

0
0

fic--tm
v)m

e
J

w
e

J
m

r4
m

-----
.--.-=

--

m
m

l
--l

N
eJ

----
e4eJ

----

+1-t++lti+i
+1+1

-H
+I+I++

q
-,m

.
~

F.
m

m
V

-Im
w

-lw
**m

N
w

ti
--

--

“+l+i+i+i+
+!+i+i+l

-H
-H

ii+
ii+

+
i+

+
i

-t+
H

-H
-H

C
om

rtfw
m

l-lm
m

rw
m

15



.-.
II

o
0

000
-.

~
~

~
:

00
00

-
-
c
-
4r
-
4

N
-

+1
w

.
+

+
+i+l+i

+i
+i+i+i

+
-
l
-
t
+

+
t
’
+
-
l

16



.—
.

—
..—

—
—

—

I
0
0

0
0
0
0

0
.
-

0
0

0
0

c
.

-
-
m

o
-0

0
-H

+
1

o.-
A
m

{0
H

*
*
-
H

P
I
*
m

n
00

v
o

0
0
0

v
O
v
v

t
+
i
+
i
+
+
i
+
i

V
o
o

O
o

m
t+

-
--=

A
l-i+

A
s

0
N

=
*
W
0

O
m
w

y
o
o

0
0

0
-H

-H
-H

f
-
m
m

q
b

.~
0

0
0

17



-
m
-
-
-
l
.

O
o

o
o

o
q

0
0
0
0
0
0

+1
+1

+1
+1

+1
+1

000000
-m

----l
000000

C
N

C
-lq

q
w

o
q

O
“
o
o
a
o
o

+1+1+1+[+1+1
O
u
)
u
l
o
l
n
w

m
(
W
G
4
m

m
“
-
“

+1
+1

+1
+1

+1
+1

o+1

2

8?3G
g8g

0
0
”
0
”
0
0
”
0

+1
+1+1+1+1+1

00
6

p
3
m
t
-
n
m
b
t
N

+1
+1

+1
+1

+1
+1

m
m

v)w
llnln

+1
+1
+1+1+1+1

C
4
x
r
l
=
o
m
(
N

N
m
m
w
l
m
m

8
G

s
%

O
rnof-ioo

+1
‘.

+1
‘.

+1
+1

Zvgvgg
o

0
0
“
0
”

18



N
t-i

+1
+1

+1
+1

+1
+1

+1
+!

o
0

++1
+1

o
0

m
m

~
.
c
o
u
-
l
o
o
m

+1
+1

+1
+1

+1
+1

or.

+1
+1

00+1

8.0

W
m

m
m

m
+1

+1
+1

+1
+1

+1
+1

+1
II

II

19



+1+
+1

000
v.c

’q
q

0
0
0

o‘f

s
~
a
~
~

000”00
+1

+1
+1

+1
+1

a
IV

l*O
O

.
.

q
o

8
0“0000

+1
+1

+1
+
1

+

2
0



“~
z

+1
+1

+1

+1
+1

+1
m

o
t-l

P-m

000
m

m
v-1

71
+1

+1

aw

+1
+1

+1
+1

+!

—
-—



N
N

TABLE A-V. Oak: ElementalConcentrationsa

Al As B’ Be 13r Cd cl Cr Cu F
Location (ppm) (ppm) (ppm) (P~~) (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

2N 860 k2~ ().44t 0.07 81 f 8 12 t 1 65 t 10 3.5 * 0.4 0.60 * 0.06

2NE 300 * 90 0.07 ~ 0.03 62 ~ 6 3.1 f 0.3 200 ~ 30 2.9 ~ 0.3 0.20f 0.02

2E 760*230 0.16f 0.04 69f 7 16 f 2 0.34f 0.03 230k 30 2.4t 0.2 0.20t 0.02

ISE 370*110 0.20* 0.03 48 f 5 25*1O 18f 2 5.3 f 0.5 <0.20
2SE. 650t200

260*40 2.2 f 0.2 5.5 ~ 0.6 0.1O~ o.o1
0.13+ 0.03 63 f 6 18~lo 29 ~ 3 3.4 t 0.4 <0.20 3fjof 50 ].9 * (3.2 7.3 f 0.7 0.20 ~ 0.02

1s 350*110 0.10* 0.04 66* 7 5.3 ~ 0.5 280t 40 6.5 ~ 0.7 0.20 t 0.02
2s 580*180 o.14t 0.04 79 ~ 8 73*2O 90 * 9 5.3 t 0.5 <0.20 280t 40 3.3 t 0.3 8.1 * 0.8 0.40 t 0.04

ISW 470 *140 0.12* 0.04 48 ~ 5 5.4 ~ (35 380*60 6.9 ~ 0.7 0.20 t 0.02
2SW 210 * 60 0.14t 0.03 49 t 5 2.2 t 0.2 240f 40 6.4 f 0.6 0.20 t 0.02

Fe Li Mg Mn Ni N03 Pb P04 Rb S04 Ti Zn
Location (ppm) (Ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

2N 350*70 430* 86 <0.9 190f 20 <0.6

2NE ]90 * 40 220t 43 <0.9 1900* 190 230 * 20

2E 280 f 60 390 k 78 ]~()f 10 2800 f 280 930 t 90 24 t 3 18k 2

ISE 180*40 0.31t 0.032300f 230 500t ]00 4.8to.5 go* 10 <3.0 I1OO*I1O 18 *2 Zoof 20 34* 10 26f 3
2SE 150t 30 7.1 ~ 0.7 2400 t 240 550f 110 4.0 f 1.0 11O* 10 <3.0 1400f 140 26 ~3 290t 30

Is 140*30 450* 90 ]00f ]0 1800f 180 490t 50
2s 21O*4O 5.4 A0.5 2800t280 590f 12f2 4.4 tO.5 130f 10 3.o f I 2500f 2fo 5.9* 1.2990~!00 30f ; 30*3

ISW 240t 50 500* 100 190*20 l(joof 160 25(3*3!)
2SW 170*40 870f 170 120f 10 ]600* (60 380+ 40

aInsufficient sample for analysis where no data arc repor{cd. Unccflainlies represcn[ analyical uncctiainties.
—— J




