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GEOCHEMISTRY OF BACKGROUND SEDIMENT SAMPLES AT TECHNICAL AREA 39. 
LOS ALAMOS NATIONAL LABORATORY ···' 

by 

Steven L. Rcncuu. Kuthcrinc Cumpbcll. 
P~1trick A. LonJ,!mirc. and Eric V. McOonuld 

ABSTRACT 

This report presents results of chemical analyses of 24 unalytc.s in 16 buckground sediment 
samples collected from Ancho Cunyon and Indio C~myon mTcchnical Area (TA) 39, Los Alamos 
~;Ltional Laborutory. Preliminary upper tolerance limiLo; (UTLs) for sl!dimcnts me calculmed 
from this d;tt<t set but. bcC<IUsc of' the sm~1ll ~mplc size. these UTI..s exceed the maximum 
vulucs in the d•tta set by up to 50% and will require revision us more b<tckground sediment d<ttll 
nrc obtai m:d. 

Systematic v;tri••tions in the botckground chemistry or sediment..; ut TA-39 occur between different 
geomorphic settings and different p<trticlc sizes. These diiTcrcnces indic~1tc thm the best 
comparison ot' potcnti<tlly contM1inatcJ sediment' to background shouiJ usc the most comp•tr.tblc 
subset or the b01ckground data set. The lowest conccntmtions or most otnalytcs occur within 
coarse, well-sorted sands in active stream channels (which arc dorninutcd by qu~u'lz :md sanidinc 
crystals). and the concentrations or most ~tnalytcs gcncrnlly incrca ... c with dccrcusing sediment 
purticlc size. The conccntl'~ttion of ur:tnium within one !\ample of black sand (dominmed by 
high·dl!nsity ma~nctitc gruins) w:as within the r:1nsc of other b<tckground samph:s. This 
rcbtionship is impl,rr.tnt bccm1sc the prcsl!ncc or 11it!,hCt' conccntr:ttions ol' umnium in bl:tck 
SMd deposits m~1y thus inuicate anthropogenic ur~mium th<tt w~t." conccntr~ttcd by density :t.o.; in 
:1 placer dc:posit. 

Am1lytc concentrations in sediments arc gcnl!rally lower th:tn those associutcd with B horizons 
in soils but ;~rc comp<trablc to ..:lcn1cntal concentrations within the A und C hori:1.0ns. However. 
the A and C soil horizons possess ~r·c~llcr r~mgcs. and thus the usc of UTLs developed for 
L•tbor•ttory soils may not be appropriate l'ort.:valuating potential contuminution within sediments. 
Concentrations or clements in the sediments ~1rc strongly inlluenccd by the towt surface :treu 
availuble for adsorption. ~md conccntr:nions or tr<~cc clement' arc minim<tl within the medium· 
and cour..;e-graincd sediments with low surf:~cc :.trc~t." rcl~1tivc to silt and cl:.ty. Different minemls 
concentrated in the sediments, such us m<~gnctitc. however. arc higher in trace elc.:m~:nts resulting 
in p~111 from ionic substitution within the mineral l:ttticc during primary crystulli:t..<tlion, Fo1' 
cx;.1mplc. :.1 sample or rmtgnctite·rich blu~;k s:.md is higher in As. Be. Cr. Mn. Ni. Pb. Th. U. V. 
and Zn relative to silicuLc·rich sediments. 

Positive corrclutions exist between concentrations of different mctul)o. in the sediment samples 
(i.e .. Fe and As, Fe und Be) that arc.: similar to those present in soils ••t the Lubomtory, although 
the conccnlt'ations or metals in the sedimcnrs arc gcm:rally less than in the 'iOils. Rclutionships 
between iron and other metals or concern c;u1 be usc~d to cvalu:.ttc whether anomalously high 
values in :.1 dma set arc within background ranges or inste•1d m•1y rctlect con~Lmin\ltion, 
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Concl!ntl".ttions of many Wtalytes from sampled prehistoric: channel and noodpl:tin sediment-. 
are higher than theirconcenti"Jtions in more recent deposit.-., pos.,.ibly because of postdepositional 
:1ddicions of solutes associated with shallow !-'TOundw:ttcr 11ow within the alluvium. The processes 
that apparently incre~tsed concentr..1tions ot' some tr.tce element" within the prehistoric deposit-. 

· may be similar to the procc!iscs <tffccting old sediment..; beneath the valley tloor penetl".ltcd in 
core holes, suggesting thut highcr concentrations of many ti"Jcr.: clement..; might be encountered 
in the subsurface than in surface ~dimc:nt samples. 

Principal component" analysis (PCA) indicates that 89% or the variability in the background 
sediment data set can be accounted for by a single component. which is due to the strong 
correlations that occur between many major and tl".tce c:lemenl,., The: remaining II% is almost 
entirely llccountc:d for by a second component that sc:parJtes the: two sample areas in Ancho and 
Indio Canyons. The..;c rcsult.<i are similar to those obtained by PCAofthc background soil data 
set or Longmire ct ul. ( 1995). for which over.lll variability is dominated by a strongly com:latcd 
variation or several mujor and trace element."· rctlecting difiC:renccs between soil horizons. and 
variation between sam ph: sites is the second most important source of variability. 

INTRODUCTION 

Sixteen sediment samples were collected from 
Ancho and lndio Canyons in Technical Area (TA) 
39. Los Alamos National Labor..1tory (Fig. 1), in 
August 1994. to provide background chemical 
concentrntions from deposit" compur.t.blc to those 
collected as pan: of Environmental Restoration 
Project site charJcteri7.!.ltion activities in Ancho 
Canyon. TA·39 has been used as a high-explosives 
1iringsitc since 1953. and contaminant" of potential 
concern that may have: disperl'c:d during 
experiment." include Ba. Be. Cr. Pb. Tl. and U 
(LANL. 1993). 

Two primary sample ate:l."i were chosen to incrca..;c 
the cha.'lCC that the i.lngc of variability in naturJI 
sediment deposit.' would be included and tl1at any 
unanticipated contamin~1tion would be detected. 
The main sample areas arc Indio Canyon. the 
largest drainage ba.,.in in th~ LaborJtory entirely 
within Bandelier Tuff that has had no Labomtory 
facilities. und a small tributary to Ancho C~myon 
near State Road 4 th~tt o.tlso ha." no upstream 
Laborntory n..:tivities (Fig. 2). An additionul sam ph: 
site is a stream bank along Ancho Canyon that 
exposes prehistoric (I 000-3000 yr old) sediment,, 
which was chosen to evaluate wherher such old 

z 

d~posirs could also be used to provide valid 
background v~dues (site di~cu:o;~cd in Reneau and 
McDonald. 1996. pp. 68-7:!.). Sampled dcposiL" 
were chosen to m<L'\:imize the naturnl variability 
that exist" within these scdirnent" and to evaluate 
sysh:mutic variations in chemistry thut m;ay e;~ist 
between different ~comorphic settings (i.e •• 
channel versus t1oodpluin: Fig. 3) ~md betw~en 
diflbrcntsizc frJctions. Descriptions of the ~mplc:s 
analyzed in this study are presented in Table 1. 
Although we cannot be certain that all of the 
s;.lmpled.scdimcnt.-. (purticul;.~rly the >~ctive chann~l 
samples) have not been ~rrectcd by airborne 
dispersion of CClntaminants from firing sites. 
procedures that we usc to exclude outliers from 
the data set are expected to remove any potentially 
elevated analytcs. 

One limitation of' this sampling program is the 
small size of the sample set from any specific 
geomorphic l'<:ttin~ or type of deposit {i.e •• coarse 
sand'\ in an ~ctivc ch:mncl). at most two per sample 
set. These dam. therefore. muy not encompass the 
t'ullr.mgc of vuriubility that exists in sc:diment-. ut 
TA-39. However, there is generally an internal 
consistency in this data set. and systematic 
v;triations exist between settings and size frJctions. 
suggesting th<tt this limited data set may be 
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gcncr~tlly rcprc:scntmivc of similar settings in 
drainage basins that arc entirely within the 
Bandelier Tuff. 

Since completion or this study. additional 
background sediment samples have been collected 
from Guaje, Los Alamos, and Pueblo Canyons. 
These mon: recent analyses have been combined 
with the Ancho Canyon ~md Indio C;myon analyses 
to develop an upd•Hcd seuimcnt buckground d~1ta 
set (McDonald et ~~~ .. 1997~ Ryti ct al .• 1998). As~~ 
result. tl1e estimates or the upper level of 
b•tckground values in this report have been 
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superscdl!d, but they are retained here to allow 
examination or the sensitivity or background 
estimates to the size or the d~tta set ;md the sample 
locations. 

LABORATORY METHODS 

Sediment samples were dried at ~l low temperature 
in a labor~nory oven :md sieved to remove: gr.tvcl 
(>2 mm) und root~. Split..; of two large floodplain 
samples were dry sieved to scpurJte the S<tmplcs 
into three difrcrcnt sizl! fractions: 0.25 to 2 mm 
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Fi;:. 3. Scltl!matt'c .'ikttc/1 sltowin;: ;:eomorpllic .w:ni11;: rJfback;:roulld .w:dimf'llf sample,\, Approximate a;:tN t~/ 
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(coarse and medium sand). 0.075 to 0.!5 mm (line 
sand). and <0.075 mm (very fine sand. silt. and 
clay). Clumps ot' sediment were mOJnually crushed 
but no chemical dispersants were used, and the 
larger size fractions may therefore conwin small 
portions or liner particle sizes. 

Sample split-. ot' all sediment s<lmplcs were subject 
to three laborutory prctrcntmcnt procedures: partial 
digestion usin~; nitric acid (!·!NO,) •lt pH I (using 
standard cxtruction and analysis procedures 
spccified in Environment~d Protection A!!cncy 
{EPA] Method 3050). which simulates the 
bioavailability of clements by human~ through 
ingestion: leaching with deionized water. for the 
analysis of easily dbsolvcd Cl and SO,~~ and 
complete digestion using hydrolluoric acid (I-IF). 
to provide wholc·S~lmplc elemental conccntl".ttions. 
Analysis of As w~L" by clectrothcrmal vapor ~1tomic 
absorption (ETVAA): of Cl and S04 by ion 
chromatography (!C); of T~l. Th. Tl. and U by 
inductively coupkd ph1sma ma...;s spectroscopy 
(ICPMS)~ and the rem;dndcr by inductively 
coupled plasma emission spectroscopy (ICPES). 
Result-. of' the chemic~al un~1lyscs arc presented in 
Tables 2. 3. and 4. 

QUALITY ASSURANCE CHECKS 

Sumplc splits or two bulk 11oodpluin sum pies were 
submitted for analysis to provide au indcpendcnt 

'luality a.o;sumncc ( QA) check of the rcproducibi lity 
of the analyses. For the combined 9~ duplicate 
analyses of 24 analytcs from the two sets of paired 
samples and two sample: dige,;tion procedures. 87 
or the duplicate analyses (95%) were within the 
reported uncertainty. •md three of the rcm~1indcr 
(3%) were within twice th~ reported uncerwinty 
(analyl'cs of AI, Be. and Ni for one of the sample 
p<airs). Only two seL..; of anulyscs (~%) were not 
consistent within twice the reported uncertainty. 
As and T~1 for the pairc:d samples FS2:!:!9 •tnd 
FS~3Z. Ovc:r.11l, these result-. th..:rct'orc indic:1tc 
that the laborator-y analyses c:an be considered 
reproducible within tht: reported uncert~dnties. 

COMPARISON OF CHANNEL SAMI)LES 
A-4~D FLOODPLAIN SAMPI .. ES 

Signilicant differences in analyte conccntr~tions 
arc present between the samph:s of coarse channel 
sands and the bulk floodplain samples. as 
summarized in Tables S und 6. For nearly all 
analytcs. conccntrJtions me higher in the llooclplain 
der)Osits th<tn in the chann~l deposits. us shown !'or 
A..;, Be. unJ U in Figure 4. This is consistent with 
the dominance or quartz and sanidinc phcn~ryst' 
derived from the B:mdc:licrTuffwithin the channel 
deposits •md with the highcrconcentrutions of' line
grained sediment in the 11oodplain deposits that 
could both have greater mincr:tlogical varinbiliry 
(including higher abund~tnccs or clay mincmls and 
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Table I. l.ocatlon or Sample Sifts and lltscrlptlon of Samplu, TA-39. 

S.1mple S:unple Type of S.tmpl.: 
Numb(r l.oC".11ion• ll.:ro!il lkptb l'.srlkk Site Noles 

FS2220 India C')n,6HS' (I) llooJpbin 0-Js• <2 mm (s.Jnd,silr,cby) bull: s.Jmrlc.rra•d rcmo•cJ 
FS1121 JnJio Cyn, 6U5' (I) llooJplain 0-18 • dl07 S mm (~cry fine s.>nJ, sill, cl.ty) sample srlit. sk,·(<f 
FSH22 Indio C')n,6H5' (I) floodplain 0-18" 0.25·0.075 mm (fine s:~nd) 5.1mplc srlit, sie\tJ 
I'SHH lndiOC)n,6US'(l) floo.!pbin 0-18" <2mm(sanJ,•ill,chy) tlupliuleofFSlUO 
I'S?21.J Indio ()n,6Jl5" (I) ch.tnnd Joaods 0-6" <1 mm (m.tinl)' coars.:: sand) bulk 5aJllpk,fJa\d rcmo,·cJ 
rsuu lnJio ()n,6~oo· (2) ch.tnnd sands 0-t• <1 mm (m.tinly fine s:~nJ) bbcl: (m.tgncrite) sanJs 
FS1226 Indio C)n,6381' (3) mud in channel 0-1· <l mm (mainly fine sanJ,sill,cby) mud Jcposits from recent flood 
fS12l7 An(ho C)n, 622&' (.J) oiJ floodpuin -U-.J.6' <1 mm (sand, lih,cby) bulk s.Jmrlc, gran! rcmO\cJ 
FSl228 An,ho C)n,6228' (.J) oJJ cbJ.nncl sands 2.6-3.1' <2 mm (mainly coars.:: sand) bull: 5aJllplc, gmd rcmon-J 
1'52219 An chi) C')n,629.S' (5) OooJrl.tin ll-16" <2 mm (!.111J, sill,cby) bulk "'mrlc,gra\tl remowJ 
FS12l0 Ancho Cyn, 6295' (.S) flooJpbin 8·16" dl.01S mm (\cry fine unJ, sih,cl.ly) umrlc S(llit, si<\N 
I'SlHl Ancbo ()n,6295' {.S) llooJpbin S-16" O.l.S-0.015 mm (fine unJ) sample S(llil, sit:\to.l 
FS22l2 Ancho C)n,6295' (5) flooJpl.!in 8-16" <2 mm (-.:lnJ, sill,cby) duplical.: of FS2229 
FS2Hl ,\ncho C)n,6295" (S) chann.:l sanJs 0·6· <l mm (m3inly co~r!>e 53nJJ bulk s:~mrl<-.l!ra'cl r.:mo\ed 
fS22H JnJio C')n,6HS' (I) flooJpbin 0-Js• O.H-2 mm (coar!>e t mcJium sanJJ !>:unrl.: split,~>k\N 
fSlBS Ancho ()n, 6295' f.S) fl,,o.lpbin 8-16" O.lS-2 mm tco.trs.: -1- m.:Jium sanJ) ~"\Ill pic split. •i.:•C'J 

• [k~"31ions refer to appro~ imare !>!ream channd .:lc\:Jtion~ at SJm(lk: sir.:, as obuin.:oJ from AMAU topograrhk m.1ps.. Numbcn in () rcfcr to 
~ite locations of rig. 1. 



Tahlc.- 2. Chemical Uata for Samples, TA·39, 11:-\01 lligtstlon. • 

SJ.Jnp!c AI AI As As n~ 8J lk De! Ca ('a Co Co 
(ppm) (t/-) (ppm) ( t/-) (ppm) (t/-) Cppm) (t/-) !ppm) ( tl-) (ppm) (t/-) 

1-'52210 ~600 460 I 0.5 53 5.3 0.53 0.05 1100 120 2.2 0.5 
FSHll 7300 no 3 0.60 99 9.90 0.89 0.09 1900 190 3.50 0.50 
1-"5.?222 6900 690 2 0.50 11 7.70 0.81 0.08 1700 170 ] 0.50 
1-"SHB -1100 .ftO 2 0.50 5-t SAO 0.56 0.06 1300 130 2.30 0.50 
FS12H HO 7-t <0.5 8 o.so <0.08 180 18 0.60 050 
FS2225 1-100 HO I 0.50 1-t lAO 0.70 0.08 990 99 6 0.60 
FS2226 SIUO 8~0 ] 0.60 100 10 1.10 0.11 2600 160 3.50 0.50 
1-"5.!227 7700 770 2 0.50 11 7.10 0.7-t 0.07 1500 ISO 2.70 0.50 
1'52228 2300 230 0.90 tUO 32 3 0.11 0.08 770 11 3.10 0.50 
1-"52229 7800 780 2 0.50 90 9 0.85 0.09 :!100 210 3.50 0.50 
f'SllJil 6SOO 680 2 0.50 90 9 0.8:! 0.08 2500 250 J 0.50 
I'SHll 7600 160 3 0.60 95 9.50 0.87 0.09 HOO 1~0 3.80 0.50 
FSllll 6100 620 2 0.50 15 7.50 0.67 0.08 1800 ISO 3.10 0.50 
FSlHJ 930 ')J <0.5 8.30 0.83 <0.08 BO 2l 0.70 0.50 
1-"SH.H 3200 no I 0.50 37 3.70 0.30 0.08 960 96 1.50 0.50 
FS.?l.J5 -HOO -110 I 0.50 -19 -t.90 0.39 0.08 1100 110 2 0.50 

S;tmpk Cr Cr cu cu Fe F.: K K M~ Mg Mn Mn 
(ppm) (i/-) (ppm) (-fl-) (ppm) (-f/-) (('pns) (-tl·) (p('m) Ul-) (ppm) (-tl-) 

FS2220 3.5 0.5 3.5 0.5 6800 6SO 970 91 910 92 2-to H 
FS2221 5.80 0.60 7.30 0.10 9t00 9-10 1500 150 1500 150 330 33 
t--snn -UO 0.50 5.60 0.60 9600 9(:0 1-100 I .tO 1300 IJO 3.50 35 
FS222J 3.30 0.50 3.50 0.50 6500 650 990 99 870 81 2-tO 2-t 
FS22H I 0.50 0.80 0.50 I .tOO 110 ISO 7-t 170 17 53 5.30 
FS1225 12 1.10 -t.-10 0.50 57000 5700 210 22 530 Sl 1100 120 
FS2226 5.60 0.60 12 1.20 9600 960 1800 180 1700 170 380 lS 
t:sn21 5.20 0.50 -UO 0.50 8100 8-tO 1600 160 I -tOO U{) 220 22 
1-"52228 SAO 0.50 1.80 0.50 13000 IJOO 5~0 54 570 51 2-tO 1-t 
1'52229 5.70 0.60 5.10 0.60 9100 910 1900 190 1500 ISO 330 33 
FS1230 5.90 0.60 1.50 o.so 8-tOO 8-tO 1900 190 1500 150 230 23 
FSHJI 5.90 0.60 7.30 0.70 9200 9!0 2200 210 1600 160 300 30 
FS2H2 --1.70 0.50 -1.80 0.50 8000 800 1600 160 1300 130 280 28 
FS21H 0.80 0.50 11.90 0.50 I -tOO I-tO 200 20 100 !0 -t6 -t.60 
1-"SHH 2.20 0.50 2.70 050 .tSOO -tSO 650 65 590 59 ISO J8 
f-'S22.l5 2.50 0.50 3 0.50 5000 j(',.') 1100 IJO 820 82 190 19 

• -tl- is unctruint)· rerortN br CST-3. 
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· .. Table 2. (('ontinued) 

S3lllpl.: N.1 N.1 Ni Ni ·l'b l'b Sb Sb Ta Ta 
{ppm) (fl-) (ppm) (tf-) trrm> (t/-) {ppm) (fl-) . {pj)m) (-f-1-) 

FSl220 120 1-1 -1 2 .s -1 <5 <0.3 
FS!221 120 1-1 1 2 10 -1 <5 <0.} 
FSH22 120 1-1 .s 2 10 4 <5 <0.3 
FSUB 95 H -' l 8 .. <5 <().} 
FS22i.J -t6 ... <2 -' -1 <5 <0.3 
FS.l22.S 68 1-1 9 2 II .. <5 <0.3 
FS2226 190 19 6 2 16 -1 s s <0.3 
FS2227 I .SO J.S -1 2 1. -1 <5 <0.3 
FS2228 66 J4 .. 2 .s .. <5 <().} 
FS2229 HlO ... 6 2 10 -1 <5 <0.3 
f'S2230 110 1-t 1 ! 9 .. <5 <OJ 
FS1B2 91 I-I 6 2 8 -t <5 <0.3 
FSHJ3 J-1 ... <2 <-l <5 <0.3 
t'S12l-1 15 1-1 -1 2 .s -t <5 <OJ· 
FS223S so 1-t -1 2 6 -1 <5 <0.3 

S•~nple Th Th Tl Tl u u v v Zn Zn 
(ppm) HI-) (ppm) (II-) Cppm) (tJ.) (ppin) (tl-) rrpm) (tl-) 

rsnzo S.2 OA O . .S 0.3 0.7 0.3 7.2 0.7 31 J.l 
FS1l21 7.70 0.50 <fJ.l 0.90 0.30 12 1.20 JS 3.80 
FSHH 7.10 o.so <0.) 1 0.30 10 I -U 4.-tO 
FS11l3 .s.so OAO <0.3 0.90 0.30 1 0.70 31 3 
fSHH uo 0.30 <0.3 <0.3 I.-tO o . .so 9 I 
fS222S 1-1 I <0.3 0.80 0.30 66 6.60 300 30 
1'52226 6.60 o . .so <0.3 1.60 0.30 II 1.10 48 -1.80 
FSl227 .s.so 0.40 <0.3 0.60 0.30 9 0.90 }J 3 
FS1228 2.20 0.30 <0.3 <0.3 20 2 47 .s 
FS2229 8 0.60 <0.3 0.70 0.30 " 1.10 l9 4 
FS2BO 6.90 0.80 <0.3 0.60 0.30 13 1.30 Jl J 
fS22ll 7.10 0.1!0 <0.3 0.60 0.30 12 1.20 37 3.70 
fS!U2 6 0.70 <0.3 0.60 0.30 9 0.90 H J.-tO 
FS2HJ 0.90 0.30 <0.3 <0.3 I o.so 9 I 
FS22H 3.60 0.-tO <0.3 o.so 0.30 . .s o . .so 2-1 2 
FS12JS .uo o . .so uo 0.30 0.40 0.30 .s o . .so H 2 
• il- is unctruinly rcrorteJ by CST-3. 



TalJ!e J. Chemir-.tlllala for Samples, TA-39,111-' llignlion.• 

S:llnl'k AI AI As As Ill 83 lk lk Ca Ca Co Co 
(1'1'01) (tf·) (ppm) (tf·) (ppm) (tf..) <rpm) ( t.l..) (ppm) (t/-) (ppm) (t/-) 

FS1120 61000 6100 lUO 1.60 121 n 3.20 0.32 JSOO 380 :uo 0.50 
FS2221 S7000 S700 5.30 I 370 37 3.80 0.38 -1900 -190 -1 0.50 
FS2222 62000 6100 S.30 I 270 11 -UO O.H -HOO -130 3.80 0.50 
FS1.?1J 61000 6100 6.10 1.30 210 1-l 3.50 O.JS -tOOO -tOO 2.60 0.50 
FS222-t 51000 5100 6.20 1.20 130 13 1.10 0.11 2000 200 0.70 0.50 
FS2225 11000 1100 .u;o I .H 3.20 1.60 0.16 3~00 3-lO <0.5 
FS1226 63000 6300 8.60 1.70 300 30 5.30 0.50 -4900 -190 3.-40 0.50 
l'S!lH 690!)() 6900 10.-tO 1.10 3-10 31 -l 0.-tO 6100 610 3.90 0.50 
FS2228 63000 6300 7.50 1.50 290 !9 1.50 0.15 8100 SIO 1 0.70 
FS1l29 60000 6000 8 1.60 330 33 3.60 0.36 4900 490 3.50 0.50 
FS1BO 56000 5600 9.10 1.80 -110 41 3.20 0.32 5800 580 J.SO O.SO 
FS2BI 59000 5900 5.90 1.20 380 38 3.60 0.36 5500 550 3.90 0.50 
FSHJ! 61000 6100 3.60 0.70 310 31 3.-lO O.J-1 ·HOO -no 3.30 0.50 
FS.HJJ -48000 -lSOO 2.10 0.-10 120 12 0.91 0.09 1800 lllO I 0.50 
FS1Ht 61000 6100 J 0.60 ISO IS 2.-40 0.14 3~00 HO 1.50 0.50 
FS123S S9000 5900 .:uo 0.50 210 11 2.90 0.29 3500 350 :! 0.50 

S1ml'l~ Cr Cr Co (\) F~ F.: K K ~lg Mg ~Ill Mn 
(ppm) (tf..) (ppm) (fl-) Crrml (t/-) (ppm) (-t/-) (ppm) (tl-) (ppm} (-tl-) 

FS2120 8.30 0.80 5.10 0.50 130CKl 1300 27000 2700 1700 170 410 -l! 
t=S.?HI IS 1.80 12 1.10 11000 1700 21000 2300 2700 270 -t90 -19 
FSHH 12 1.20 9.60 I 17000 1700 27000 2700 1500 250 580 58 
FS1223 9.90 I 6 0.60 1-1000 I -tOO 29000 2900 1900 190 430 -13 
FS222.J 1.10 0 . .50 l 0.50 -1900 -190 26000 2600 -t70 -11 ISO 18 
FSHH 83 8.30 <05 110 lJ 3600 360 3000 300 13000 JJOO 
FS2226 1-t lAO IS 1.50 lt\000 J600 260!)() 2600 2600 160 5-10 5-t 
FSH27 IS 1.50 7.60 0.80 17000 1700 27000 2700 3300 330 -t50 4S 
FS.!HS 2J 2.30 2.60 0.50 S2000 5200 25000 2500 2500 250 1300 130 
FS1219 15 uo 8.70 0.90 16000 1600 26000 1600 27011 170 -460 .J6 
FS2230 23 2.30 13 1.30 19000 1900 21000 1200 3100 310 .J20 -tl 
l'SU3l 17 1.70 13 1.30 18000 18011 2-1000 2-tOO 3100 310 4SO -48 
FSH3.! 14 lAO 8.10 0.80 15000 1500 2-1000 2-tOO 2500 150 -tJO -43 
I'SlHJ 2.50 0.50 1.20 0.50 -tJOO 410 l.JOOO 2-400 S30 53 130 13 
FS2HJ -UO 0.50 3.-40 0.50 8500 850 250!)(} 2500 1000 100 190 29 
I'SUH 7.50 0.80 -1.80 0.50 11000 1100 26000 2600 1600 160 330 .H 
• -t/- is unc.!rllinty rtport.:J hy CST-3. 
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Tabie J, (continurd) 

-Sample Na - Na Ni Ni Pb Pb Sb Sb Ta Ta 
(ppm) (-1/-) Cppm) (t/-) Cppm) (-J-/-) Cppm) (t/-) (ppm) (t/-) 

FSHlO .19000 - 1900 5 2 II 4 <5 6 0.-10 
FS2211 1.5000 1.500 II 2 10 4 <5 4.70 0.30 
1'51222 ISOOO 1800 6 2 16 4 <5 5.30 0.30 
FS2223 20000 2000 1 2 13 4 <5 uo 0.30 
FS222-J 20000 2000 <, <4 <5 1.20 0.20 
I'SH1S 2700 270 47 5 so 5 H 5 IS 0.90 
FS2216 18000 1800 1 2 27 .. <S 5.70 0.30 
FS2227 -18000 1800 8 2 14 -J <5 4.40 0.-10 
FS2228 20000 2000 14 2 <-l <5 1.60 0.30 
FS22l9 "16000- 1600 8 2 12 

_, 
<5 4.30 0.40 

FS22l0 14000 HOO 10 2 13 4 <5 .. OAO 
FS1231 f.tOOO HOO 8 2 l3 ., <5 -1.-10 OAO 
FS2211 16000 1600 14 2 13 .. <5 4.60 O.SO 
FSH)J 18000 1800 <2 -1 .. <5 0.90 0.20 
FS2211 21000 2100 2 2 8 4 <5 3 0.30 
FS213.S 19000 1900 .s 2 10 -J <5 l.20 0.30 

S3mple Th Th n Tl u u v v Zn Zn 
(ppm) (t-1-) I ppm) (tl-) (ppm) (t/-) fppm) (fl-) (ppm) (t/-) 

I'SH20 13 0.30 0.50 0.20 ).90 0.20 16 1.60 6-t 6.40 
FSl221 17 0.30 0.70 0.20 .5.70 0.30 33 3.30 70 7 
1'52222 18 0.40 0.70 0.20 5.60 0.30 2S 2.50 1!8 8.80 
FS222J 13- 0.30 0.50 0.20 .. 0.20 19 1.90 66 6.60 
FS2224 3.90 0.20 0.20 0.10 1.10 0.10 2.70 0 . .50 25 2.50 
J'S2225 IJO 4 0.30 0.20 .. 0.20 -I .SO 4.5 2500 150 
FS2226 18 0.40 0.90 O.JO 7.20 0.-10 25 2.SO 89 8.90 
FS.!l27 IS 0.60 0.80 0.20 4.70 0.40 27 2.70 72 7.20 
FS2228 9.-10 OAO 0.-tO 0.20 1.50 0.10 8-1 8.-JO 110 21 
1_-52229 1.5 0.60 0.80 0.20 -1.30 0.30 27 1.70 69 7 
FSl2JO 16 0.(.0 0.80 0.20 4.90 0.-10 -II -UO 68 6.80 
FS2211 IS 0.60 0.80 0.10 -1.30 0.30 JJ 3.30 73 7.30 
FS2232 "1.5 0.60 0.80 0.20 -UO 0.30 26 2.60 6.5 - 6.50 
FS223l 3.30 0.20 0.30 0.10 0.70 0.20 4 o.so 3~ 3.-10 
FSlB-t 8.80 0.-10- 0.50 0.20 2.50 0.20 9 0.90 -tJ -1.30 
FSlH.S 10 0.40 0.60 0.20 3 0.20 I-t lAO .52 .5.10 
• t/- is uncerbinty f(jlOifcJ by CST-3. 



Tublc -'· Chcmicul Duw ror Sumpk-s. Tt\·39. 
Dcionizlod Water Lcuchatc. • 

(.;I Cl :su4 so. 
Sum pic (ppm) C+l·) (('lf'lffi) (+/.) 

F'S2220 .a.s <..'i 
F'S2221 .a.s 10 s 
FS~222 <!..S 5.9 s 
FS222~ <!..5 <5 
FS222.t <!..S <S 
FS2::!.25 <::!.5 <5 
FS2226 ~.5 <5 
FSZ227 H.4 ::.5 ~s s 
FSZZZB 10.3 2.5 ::!.6.5 !i 
FS2229 .a.s <5 
FSZ.2.30 .a.s <S 
FSZ.2~1 ..a.s <..'i 
FS223::! <::!.5 <S 
FS223~ <:Z.S <S 
FS2ZJ4 <Z.S <S 
FS~Z~~ ~.5 d 

"' +I· is uncertainty reported hy CST·3. 

ferric oxyhydrox.id~s) and larger amounL'\ or 
~tdsorbed tmcc dcmcnL~. These difl'~renc~s t• .... ;, 
indicate that the most precise: cvaluution or "• 

i,] thl! presence or absence of contaminants s within sediment samples and their possible ('I 
concentrations should consider the 

~ 

geomorphic S4!tting and a...;sociatcd particle size ~~: 
;_, 

of' the sediment ~mplc:s. Specilically. lower 
natural conc~ntrations of Be. U. and other 
:malytcs )lhould bl: expected in th~ channel 
san<.ls thun in the floodplain deposits. and 
concentrations of these cl<:ml!nts within 
potentially contaminated ch~nncl l'ocdimc:nts 
could ~compared to their conccnti"Jtions in 
similar coarse-gmincd background S!tmplcs 
und not to the run data sc:t. 

Tublc 5. Summary or BackJ!round Sl'<limcnt 1\nulysl'S. TA-39. UNO) and Deionized 'WDtcr DiJ,:l'Stion. 

(.'uar!oe Uull\ Mmunum Ma,.unum 
Channel Flnnu plain V~1IUC Value 
S:mJs. Dcro~it, in D~ll.a in Data 

Avcr:alo!C Avcra~o:c Set St.:l 
Element (ppmJ"' (pf'lm)•"' (f'lflll1)'""''" (p('ml"' "'• 

AI X35:!: 134 57 50 :!: 17hK 740 a H400!! 
As <0.5 I.X±OA <0.5 a ~ c,c,l' 
Ba x.: ±0.~ 6X :t ~I S ;1 l 00 I! 
Be <O.OH 0.65 :: 0.15 <O.OX a I. I t: 
C:a :!05 :: 35 1600::!: 445 lXO a ZMJO I! 
C:l .a.s .a.s -c.s 10.3 i 
Cu 0.65::0.07 Z.H :!:0.1! 0.6 a 3.H r 
Cr 0.9:!: 0.1-t 4.3:!: 1.3 0.~ :J !i.9 c. I' 
Cu O.HS ± 0.07 oiA ± 1.:! O,X a 7.3 c 
rc 1400 ± 140 i650:!: 1::!73 14.00 ll 57000 l1 
K 190::!: 14 136.5:1: s.w I~!) a ::oo r 
Mg I MS :t:! 1 II4X ::~57 170 a 1700 c 
Mn 50:!:5 :!7~:: 46 46 a 1:oo 1.1 
N~1 40::!:1! 10~ ±X 34u I 90 c 
Ni otC s ± 1.4 «Ca 9J 
Ph <* 7.M ± IJI <4a l (l I! 
Sb <..'i <5 <5 Sd 
so~ <S <5 <5 Zt..S i 
T:t <0.3 <0.3 <0.3 .-:0.3 
Th 1.~ :t 0.4 6.3±1.1 0.9 a 14 u 
Tl <0.~ <(l.3 <OJ I.Sg 
u <0.3 0.7 ±0.1 <0.3 ;I 1.6 c 
v I.Z ±0.3 X.<,:!: Z.l I :t Mu 
Zn 9:!:1 34. :t .... 9 ,, 300 u 
"' S~amplcs PS:!2:4 unll FS:!:!33. Uncertainty is I a. 
•"' Samples FSZ220, FS2223 (duplic:•tc), FS2~:!9, :.nu FS2232 (du('llic:llc:). Uncc:rt:linty i.o; I <1. 
"'"' • a:; coar~ ch:mncl s.:mus; h = hulk nuoupl:tin deposit; c = rnud dcpo~il: ll = bluck s;~mh: 
C = very fine S:tnd to c.:Jav :.cpar;JIC \)f floodplain s.:unplc: f: fine s:tnd :;cp:tt:IIC of Jlnodplain ucposir, 
~a ~o:oar:-;c IO medium s.:inll SCf'tlr\ltC oJ' f'l~)lH.fpluin ucposil; h : jQ()(} yc:ar olu I'Joouplain deposit; 
1 = 1200 yc:.r old coarse chnnncl s:mll. 
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Table 6. Summury of Buc:k,J.'l'Ound Sediment Anulys~ TA .. 39,.l:IF DiJ:~tion. · 

O>un;c Bulk M101mum Muxamum 
Channel l-1oodploin Value Vu1u.: 

· Sands. . Deposit. ·in Data in Datn 
A'Wet:I~C Awra!o:l! Set Set· 

Element f~~m\• rppml•"' rr~m\"'"'"' trnml* •• 
AI -1.9SOO:t:t:l 60750 ±~Sol. 11000 41 69000 h 
A.~ 4.::! ::.:.9 6.N ±0.6 :!.1 a 10.4h 
Ba 1::!5±7 :76 :!:63 3: ll -1.10c 

.Bc l.O:: 0.1 3.4 :tO. I 0.91 a S.3 1! 
,Ca 1900:!: IJ.I -'~SO :!:636 1~00 a ~100 i 
Co 0.9±0.~ 3.0±0.7 <O.S ~ 7i 
Cr I.S:!: 1.0 11.8:!:3.~ 1.1 a lQJ 
Cu 1.1 ±0.1 7.0:!: :.o <fl . .S d 13 c. r 
Fe: 4500 :!:566 I .SSOO:!: 14.14- 4-lOOa •••• 
K ~000 ± 14.14 26SSO :!:'!121 3600 a 29000 b 
Mg soo :t4::. .::200::!:566. .S.70a 3300 h 
Mn ISS :1:35 4.35:: 14. 130a 13000 d 
Na 19000± 1414 177.50:!: :!.J.7S ::!700 d ::!1000 ~ 
Ni <! x.s ±3.5 <:a 47d 
Pb <4- t: :!:0.4 <4a,i :!7 c 
Sb <5 ~ ~ 14. d 
Ta 1.1 :tO.:: 4,M :!:0.5 0.9 a 6b 
Th 3.6 :1:0,4. 14.:1:1.4. 3.3 a 130 cJ Tl. 0.3:1:0.1 0.7±0.:! 0.2 a 0.9 \': u 0.9:t:0.3 .S..I ::0.3 0,7\1 7.:c v 3.4-:1:0.9 ::: ±6 Z.7 a 450d 
Zn :\I) :t fl nn~ r ~~:a :!!'iOn d 

· • Sumt'll:s FS:::::.j. and FS:Z33. tJn<:c:rtainty is I O', 
• • Sumpl~s FS~:o. FS::Z::3 (cJupli<::llc).l-"S:!:::9, McJ FS:::3: {duplic:alc), Uncl!rtaintv is I c. 
• •• a •~:oan;c channel s:1nd:>: b • bulk lloourluin deposit:~: • mud l.lcposir. 41• black sanl.ls: 
c • vcrv fine sund 10 dny ~pur:ue of 11ooli)')lain sample: t' • fine sanu ~pur:uc ol' 11oodplnin 
d~posir: t: • ..:o~ ro medium sand ~pnrJic of 11oouplain d~posit: h • 3000 vcar old l1t)t,~plnin 

. l.lcposit: 1 • I ::oo ycur old ~.:our..c channel SMii. • 
• • • • Hh.:he:;t Fe: Y'Jiuc shoul~ be in ma~n~titc:·rich black s:.md, but the reported Y'o~luc is believed to 
be in error bcC:IUM! it is 1C:S.'\th:m lhl! R: in thl! other samples and lcs.~ thun the Fe in the black sand 
s;~mf)le from lhc HNO, di)!cslinn. 

ANALYSES OF BLACK (MAGNETITE
RICH) SANDS 

One sample ot' relatively clean blnck (primarily 
magnetite. Fe~O.J sand from lnc.lio Canyon wa..;. 
analyzed to examine the natural elemental 
concentration.'\ within these heavy minernl deposit..;. 
Field mc~sun:mc:nts of one black sand deposit ncar 

· .··. a TA-39 tiring site h~1d i ndic:atcd above.buc:kground 
r:ldioactivity. and laboratory x .. rJy florescence 
(XRF) analyses of a sample from this site 
c:ontinned.high conccntr.ttions of urJnium (217 
ppm: E.~~ington. 1995). It was thus hypothesized 
thar such bl~tck sands may c:oncc:ntratc some 
anthropogenic heavy metals such a,..; uranium u.s a 

~xaminc th\: tr.msport ot' high-density contaminant." 
aw3y from tiring sites. 

The sampled black sands from Indio C:myon 
(~ph: FS~25. Tables : and 3) have very high 
c:oncentrations of many elemental species. 
includingtht highc:stconcc:ntra.tionsot'Fc:. Mn.Sb, 
Th, V, and Zn from m..: HNO" digestion and Cr. 
Mn. Ni. Sb, Th, V, and Zn from the HF digestion 
(the low reported value of Fe in the liF digestion 
is believed to be due to laborJtory error). Notably. 
although the conccntr.1tion ofur.mium in the bl:1ck 
sand'i was higher than in the typical channel sand.'\, 
it wa:; within the range of amllysc:s from the 
t1oodplain samples. This result indicates thut 

. "placer" deposi~ and that sc:lc:ctive sampling or 
black ~nds could provide nn :1ddirionar rool to 

·anthropogenic urunium may be: present where 
concentrJtions or urJJlium in black sands c."<cec:d 
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Fi~:. -1. Comparl.own of tit~ Ctmcctttratioll.o: of As. De. a11d U /J~twctm floodplaitt depo.,·it,\' (sample FS2220), 
active cltamzd deposit.-.: (.-.:ample FS222ol), and mud dcpo.\'(t.-.: (sample PS2226) in Indio Canyon. Concefltratiolt.~ 
ob1ai11cd u.,·ing II NO,, dt~cstimt (Table 2). 

the range of back~round floodplain samples. and 
rhus support.-. the hypothe~is that depleted uranium 
particles from firing :-;itcs can be concentrated in 
black sands by surface water due to sorting of 
sediment particles by their respective densities. 

ln ~1ddition to ur:tnium, mnny other an~Liytes arc 
also present in higher conccntr;llions in the bluck 
sunds than in other sediments in these c;myons. As 
an example, Figure 5 shows the elemental 
conccntrutions !'or the black sands ;md the bulk 
sediment samples collected within the active 
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channel deposits in Indio Canyon. These 
differences in elemental conccntrmions indic~1tc th.: 
importance or mineralogy in inl1ucncing truce 
clement distributions in hctc:rogcncous sediments. 
The r-.ttio of the elemental concentr-.ttion in the black 
sands to the concentration in nearby channel 
deposit-. v:~ries greatly between clement-.. and these 
ratios 0-INO., di~e~tion) in decreasing order arc: 
V (47) > Zn (33) > Mn (~3) >Be ( 17) >Cr (I~)> 
Th ( 10) > Ni (9) > U (5) >As (4) > Pb (3). The 
highr.:1· conccntr:~tions in the m:Le:nctitc·rich sands 
occur 'L' a result of ionic sub:ootitution or the: tr01cc 
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clement.~ with one or more major element." within 
the mincrJJ laLtice during primary crystallization 
(Bloss. l97t) and/or ad.,.orplion onto secondary 

. alteration products such ~ ferric oxyhydroxidcs 
(Ra.i and Zacharn, 1984). 

COMPARJSON OF DIIi'FERENT SIZE 
· FRACTIONS WITHIN FLOODPLAL'l 
SAMPLES 

Two large samples or tloodplain depo:-;it.'\, one e:.~ch 
. · from Ancho and rncJio Canyons, were separmed 

into three different size fr.tctions to furi:hercxamine 
the relation of particle size to Clemen tal vari~tbility. 

. A comparison of the elemental concentrations in 
· these. separ.1tes with the coarse channel sands 
(T~blc:s 7 and 8) reveals sevcrJJ notable point-;, 

Concentrations of most analytc:s progressi"ely 
increa.-.e from the coarse channel sun d.-; to the line 
sand·separ-.ue. although element concentr'Jtions in 
the fine: ~cL" urc generJily indistinguishable from 
the very fine sand. silt. and clay froction. These 
variations support the gencr.ll increa.-;e in trJce 
element concentr.ation with decrea.,.ing gr.ain size 
as indicated by the comparison of the channel sand." 
with the bulk tloodpla.in deposit-.. The similarity 
of the two finer size separ:1tc:s. however. sugge.o;t" 
either that they are miner.1logically similar or that 
they have· similar adsorptive properties. 
Spccit1cally, the pc!rcentagc or clay mincr..tls in 
these samples is unknown. and it is possibh: that 
they have very low clay content.'\, being dominated 
by very tine: sands and silt..; that are 8eochc:mi.:ally 
similar to the fine sand frJctions. For example. 
gr.tin siz~: analysis of a tcxtur.tlly similar floodplain 

. Tuble 7. Summury or Different Size F~tion."• TA-39. HNO,, und Oeioni:t.l'tl Water OiJ:cstion, 

<.:oarl'l! Ularsc antl Vcrv hnc 
Ot:w.ncl Medium Fine sand. 
Sands. Sand. Sand, Silt. Clay, 

Average Avcr:~~c Avcra~e Avcrn~e 
Element <rl"m>• Cpptnl"'"' (ppm>"' • • (ppm >• .. • • 
AI s~s:: tJ-1 3650::!: 636 7::50::!:495 7050 ±35.1. 
Ao; <O.S I ::!:0.5 :.s ± 0.7 :.s :!:0.7 
Bu lt~±o.: 43 =~ S6± 13 9St6 
Be <O.OK 0.35:!: 0.06 O.X!i ±0.04 0.~() ±0.05 
Ca . ~CJS:!: 3S 1030::!: 99 ~oso ±.t~s ::oo ±.t:.t 
Cl .a.s ~.5 o<:.!i .a.s 
Co 0.65 :t0.07 J.~ :t o . .t 3 . .1. :t 0.6 ~.3 ±0.4 
Cr 0.9:!: O.l.t :.4-:!: 0.~ s.~ ~o.9 5.9 ::!:0.1 
Cu o.ss :!:0,07 2.9 :o.:! b.S:!: 1.~ 7.4 ±0.1 
Fe 1400 :t 140 4900 :t 141 9J00 ±:~~ tNOO :!:707 
K 190:!: 14- S75:!:31N 1 ~no :t: 566 1700 ±:H3 
Mg INS ±~l 70S:: 163 1450 ±:!I: ISOO:!: ISO 
Mn SO±S 11\5 = 7 3:.5 =~!i :~0:!:'71 
Na JQ±g 7~ :tJ. 115:!:7 l}:i :!: 31 
Ni <: J.±:! 6.0 ± 1.4 6.0 ± t.ool. 
Pb <.t s.s ±0.1 9.5 ±0.7 tt!i =~.I 
Sb od od <5 <5 
so. <S <S <S.S <7.5 
Ta <0.3 <0.3 <0.3 <0.3 
Th I.Z. :t: 0.4 4.0:!:0.5 7.1 ::o.s 7.~ ±0.6 
Tl <0.3 <0.9 <0.3 <().~ 

u <O.J O.JS ±0.07 0.80±0.:!N 0.75 ::o.:J 
v t.:: ± 0.~ s±o.5 II::!: I 13 ±I 
Zn 9±1 :.a.:~ J.I±S 35 ±4-

... Sampl~l' r"S~:Z.4. anll FS::33: bulk ~hunncl s:unplcli.\JQmin.ltc\1 by ~oal'loe sane.!. Uncertainties a~ 
l<r. 
•• Samples FS:::l.s. an \.I Fs:::~s:. o.:s-:.o mm l'rn~tion. Uni.-.:rwinties moe I 17. 
••• Snmplcs FS:::::: und FS:!:!~ 1: o.7S·O.::s mm l'nu:tion. Unccrmintics arc I 17. 
• • • • S:unpl..:s FS::: I and F$::30: <0. 75 mm l'r:u:tion. Uncertainties arc I a. 
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Tab I\! M. Summary of DitTcrt!nt Size Fr.action~. TA-39, I·W Di~cstion. 

Ell!mcnt 

AI 
As 
Ba 
Be 
C:l 
Co 
Cr 
Cu 
Fe 
K 
Mg 
Mn 
Nu 
Ni 
Pb 
Sb 
Tu 
Th 
Tl 
u 
v 
Zn 

Coal'looe 
Channel 
Sands, 

Avcrugc 
(('lpm )• 

49SOfl:t21:!1 
4.2 ±2,9 
125 ±7 

1.0 ±0.1 
1900 ± 141 
0.9.:!:0.Z 
1.~ ± 1.0 
1.1 ±0.1 

4500:!: 566 
:!SOUD± lol.lol. 

soo ±4Z 
I 55:!: ~5 

IIJOOO :!: 1414 
<2 
<4 
<S 

1.1 ±0.:! 
3.6 ± 0.4 
0.3 :t 0.1 
0,9 ±0.~ 
3A ±0.9 

30 :t 6 

(.;oarsc anu 
Medium 

Sam!, 
Av,:raAc 
(I'!Pm)'""' 

60000 :t I 4 14 
Z.M ::tOA 
195 :!::!1 
!.7 :t 0.4 
34S0±71 
I,S ± 0.4 
6.0 ±2.2 
4.1 :1: 1.0 

9750 ":!: 176!( 
:!5500 :: 707 
1300 ±424 
:!95 ":!:50 

20000;!: 1414 
3.5 ±2.1 
9.0:!: J.4 

<S 
3.1 :!:0.1 
9.4 ± 0.') 
0.6:0.1 
2.!! ± 0.4 

12±4 
4H ±6 

Fine 
Sand, 

Avcra~c 
(ppm)''"'' ... 

60500 :t ! I Z I 
5.6±0."
~Z!i ± 7~ 
4.0 :!:0,6 

4900 ± H49 
3.1J :tO. I 

IS :!:4 
I I :!: 2 

17500 ±707 
25500 ±!IZI 

2KOO ±4:!4 
530 :t 71 

16000 ± ZKZH 
7.0::1.4 

IS ±2 
<5 

4.9 ± 0.6 
17 ±:! 

o.x :tO. I 
s.o ±0.9 

29 ±6 
Kl ±II 

Very rme 
Sand. 

Silt. Clay, 
Avcru~:c 

(ppml"'*•• 

56500 ±707 
7.:!±2.7 
390 :t ZK 
3.5 ±0.4 

5350 ±636 
3.9 :t O.l 
21±4 
13± I 

I ~000 :t 141 -+ 
:::soo ±707 
2900 ± :x3 
45!- .:1: so 

14500 ±707 
II± I 
17 ±5 

<S 
4 . .1. :t 0.5 

17 ±I 
o.x ±0.1 
5.3 :t 0.6 
~7 :!:6 
69 :t I 

• S•1mpl~.:s FS~Z24 und FSZ::!33: bulk channel s:unph.:s. dominated by course ~md. Uncerwinlics arc 
l cr. 
• • Smnplcs FS:!Z34 and FSZ:!35: O.:!S·Z.O mm !'ruction. Unccn•lintics urc 1 cr . 
....... Sumpl~s S:S::!:!:!::! and FS2231: 0.75·0.25 rnm fr:1ction. Unecrmintics nrc !cr. 
•"' •"' Samples FS'Z!~ I tmd FS2130: <0.75 mrn fr:u:rion. Uncenaintics nrc I cr. 

MUD DEPOSIT deposit overlying the sumplc:d prehistoric channel 
sands in Ancho Canyon indicate the presence of 
only 8% to 9% cloty~si:t.cd p<tnicles. compared with 
26% to 44% si It and 47% to 66% s•md (Bw I and 
Bw2 horizons of Longmire ct at .. 1995. Ancho 
Canyon site; Rcnct1U and McDonald. 1996. pp. 71-
72). Altcrnativc:ly, bccau!'c chemical dispcrsanL"i 
were not used to disaggrcgatc clays. it is possible 
that the coarse: size I'I"JCtions include aggregates of 
silt and clay or thin cl:.ty coatings on larger sediment 
particles. The higher analycc conccnll"o.~tions in the 
coarse :.tn~ medium sund separates compared with 
the chann4.!1 sand.-; suggest that the latter arc perhaps 
better sorted. containing a higher percentage or 
qu:.lftz and sanidinc cryst~tls from the Bundclier 
Tuff. and also suggest thm the coarse and medium 
s~nd scpar.tles may provide ~ll1 analog with less 
well sorted channel deposits (with a higher content 
of line sediment). 

One sample of a one-day-old mud deposit from a 
nood in [ndio Canyon (sample FS2226. t1ood or 
August 24, 1994) was collected ~L'i a possible linc
gruined end member of nutuml scdimcnt<try 
dcposit"i in this environment. This depo ... it h<L"' the 
highest concentrations analyzt.!d for several 
clement. .... including AI. Bu. Be. Ca. Mg-. Na. Pb. 
and U for the 1-INO~ digestion and Tu. Tl, and U 
for the HF digestion (T~lblcs 2 and 3). Comparisons 
of concentrations of A..,, Be. unu U in the mud 
deposit with ch::tnnel and lloodplain deposits arc 
shown in Figure 4. For several ;malytcs. the mud 
deposir c.'\cccdcd clement concentrntions in the line 
noodplain fr<r.ctions taking into account the 
analytical uncertainties. Thclic an~1lytcs arc Be. Cu. 
Pb, ~md U t'ot' both the HNO~ and Hr: digestion 
and also Na f'or the l-4'\JO~ digestion. Some of the 
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elements that arc high in the partial (HNO;~) 
digestions may retlect the presence of dissolved 
component.~ that had been deposited ut this site by 
evaporation. followed by precipitation and/or 
ud.liorption or solutes onto silt- ami clay-sized 
sediments. Another pos:~ible compliClltion \vith this 

.. deposit is that the proximity ot' Sl'!lte Road 4 may 
·be: responsible for the anomalous presence of 
certain element.~ derived from automobile: exhaust. 
such.·a.~ lead.· The high concentrations or other 

·element'\, such ~1s uranium, may be more: likely due 
to their adsorption onto siltM and clay-sized 
pu.rticlcs. although part Of the Ul".lnium and other 
element~ may be anthropogenic, dispen-cd from 
the TA-39 11ring sites (:o:cc discus.-. ion in Longmire 

. ct a.J •• 1995 •. concerning possible anthropogenic 
uranium in surface horizons of some mcl'a·top 
soils).· · · · 

COMPARISON OF MODERN SEDL\IIENT 
SAMPLES AND PREHISTORIC SAMPLES 

·samples of prehisroric sediments exposed in a 
stream bunk along the main fork or Ancho C~nyon 

. were unalyzed to test the hypothesis that pn:historic 
sediments could provide a reasonable local 
background in arcus where adequate local 
background samples could not otherwise be 
obtained from active channels and lloodpluins 
bc:c:tuse or the possibility of contamination by 
·Laborntory opcriltions. Ahemati vely. d1ese sampl.:s 
may be. mon: comparable to sc:dimenL.; penetrated 
at depth in a core hole than to surface samples 

· · because· of postdepositional geochemical changes 
assoeiated with prolonged contact with shallow 

. groundwater or moisture within the vadose zone. 
Erosion of the samplcdstrc!lm bank along the main 
drJinage of Ancho Canyon exposed a section· of 
coarse channel ~d-.andgravclso\'erlying.•m older 
t1oodplain deposit. shown schematically in Figure 
3. Radioc~bon dating of charcoal contaim:d within 
these sediment'\ provided ages of abour 1200 yr 
for the channel sands and about 3200 vr for the 
underlying floodpl.ain deposit (Rc:~C:!ltl and 
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M<:Donalct. 1996, p. 69). demonstrating their 
prehistoric uge. 

Anulyses from the prehistoric sediment deposits 
(samples FS:227 and FS2228) wen: compared to 
both the modern bulk channel and floodplain 
deposit...; and to appropriate size fr.11:tions from the 
separated floodplain deposits to ensure that 
possible natural variability within the modem 
deposits were being considered (Tables 9 and 1 0). 
The prehistoric channel sancb wen: thus compared 
with the medium and co:l!':'c ~nd t'ractions of the 
floodplain de: posit...;, and the prehistoric floodplain 
deposits were compan:d with the tinc·sand·to-clay 
frnctions of the modem floodplain deposits. 

This comparison indicated that for most eh:menL..; 
the modem and prehistoric samples could not be 
distinguished. but that for some elements 
significant differences exist· thut suggest 
postdepo~·dtional elemental mobility over the last 
1000 to 3000 yr. The old channel sand deposit in 
particular differed from both the modem channel 
deposit-; 01nd also the medium and coarse sand 
fr.tction of the t1oodplain deposits (Fig. 6) with 
higher concentrJtions of Co. Cr. Fe Mn •. V, and Zn 
in both. the HNO,, and the HF dige:\tions. Ba. Ca. 
Mg. and Ni in on I>· the HF digestion. and Cl and 
SO" in the deionized water lc:tch:.ue. Ao;. compan:d 
to the finer fractions ot' the recent floodplain 
deposit'\, the old noodplain deposit~ had higher 
concentr.ttions of' Na in the fiNO, dige!\tcd fr.1ction 
and.CI and SO~ in the deionized water h:achatc:. 

The differences seen between the mooem and the 
prehistoric deposit." suggest which clcmen~ may 
be nutur.tlly higher in subsurface samples collected 
from boreholes due· to solute tr.msport. miner..U 
prccipitttion •. and adsor'Ption processes. Notably, 
~ome clement..; that are potcnlial contaminan~ of 
concern ut TA-39, such a.~ Be and U. arc similar 
between the recent and the old deposi~. sut:gestins 
that natural concentrJtions o( Be ~md U in the: 
subsurface may be similar to those in young 
deposit~. However. because or the small size of 
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Tublc 9. Comparison (If Modern and Old Deposit.~ TA-39. HNO,, und Dcionizt.'Cl Wutcr Di~:cstion. 

C..:oar..c ~ulf( 

Channel Old FtooJ I' lain Old 
Sands, Ch:mncl Derm!\it. Floodplain 

Average San us Avcr:.gc Ol:posits 
Element (pf!nll* Cppml .. (I"J'IIn)* ... I ,pm >• • • • 
AI !<35 :t I 34 :!~00 :1 5750 ± 176~ 7700 
As <O.S 0.9 1.1:1 :t 0.4- .. .. 
Bu lt1 ±0.~ na 6!( =:!I 71 
lk <!>.OX 0.17 a 0.65±0.15 0.7..S. 
01 :os ± :lS 770 a I t'lOO ± 41J!\ 1500 
Cl <!.5 10.3 b.c <:.!i x . ..s. b 
Co O.hS :t 0.07 :'-.1 h ~.X ::t 0.!< :!.7 
Cr 0,9±0.14 SAb 4.~::tU s . .:: 
Cu O,l{!i ± 0,07 1.~ a -1A :t 1.:! 4.~ 
Fe 1400:1: 140 13000 b 7650 ±I :!73 S400 
K 190:!: 14 5JO a 1365 ± 54J. 1600 
M,t: I MS :t:! 1 570 :t 114H:!: 3!i7 1400 
Mn 50±5 ~.40 b :!73 ±46 .::~n 
N:1 40 ± !( 6() to.:: ±x ISO h 
Ni .a 4 5:!:: 1.4- 4 
Ph <4 7 7.M;±: I.S 7 
Sh <S <S <S <5 so. <S ::6.5 " <.5 35 h.c 
Tu <0.3 <0.3 <0.3 <O.J 
Th 1.:! ± 0,-1. :.~ :' 6.3 :!: 1.1 s.x ,., <0.3 <0.3 <0.3 <0.3 
u <0,;\ <0.3 0,7 ±0.1 0,(> 
v I.Z:!:O.:l ~0" X.6:!::!.1 l) 
Zn 9:tl 47 h :'--1- ±4 33 

"' Samples FS:!~Z4 an<.! t-'"SZ:33. Unccrtllintics •m: l a. 
• • Samrlc FS22:!H: a • hcyonu r:Jn~c of mm.lcrn ch:tnncl sanu:o.. hut within ran~c ~lt' medium to 
Cll:1r~ sand !ol:f!Urlllc nl' bun I;.~; h • b~:yunu r:.tnt:c ul' rncJium to course s;mll :;cp;lrall! uf t1oollt'lain 
llcrusit'i: c • max. imum value fr(lm this Jaw ..ct. 
"'• • Sumpfcs f'S:!::!.:W. FS::zzj (Ju{llic:llc), FS:!2:!9, ;md FS:!2:l2 Cuurlic:llc). Unccrtnintic~ :1re I a. 
• • • ~ Sample FS2227: a a hcyonJ range of rnullcrn bulk flnnc.lfllain dcflosiL,, hut within range ot' 
fine !,anu to clav :;cparatcs of flonuplllin deposits:~ 111 hcyond rt~nl,!c nf fine sanl.lto clay scp~trutcs of 
rtom.lplain dcpt1sits: c a m:e<imum value J'rnm this l.lut:1 Mll. 

the data set (only onl! sample cuch or prehistoric 
channel and Ooodplain dcpo!'iL;;), these inl'crcnces 
should br.: considered preliminary, 

The comparison or mO<h:m and prehistoric deposit" 
suggests th~H the USC of prehistoric sediment 
samples as a local scc.limcnl buckground in 
potentially contaminated canyons may be 
c.lcl'cnsiblc in some circumst;mccs. although care 
should be used in such un approach. Spccilically. 
we expect that the older the deposit. the grc;~tcr 
the chance l'or significant chang~s in chemistry due 
to postdcposition;tl mi!,!r.ttion of ccrt:1in clements. 
und information on the uge and potcnti~ll alteration 
of sampled sediments would thus be useful. 

However. this may only be a significant concern 
for :1 limited number of analytes. and the usc of 
procedures that exclude outliers from the 
back~round data set before summary statistics arc 
calculated can minimize the effects of 
posLtlcpositional c:lcmcnt-.1 mobility on the 
calculation or a :-;cdiment buckground. 

ARSENIC AND BERYLLIUM IN 
SEDIMENTS 

Arsenic and beryllium arc or special concern Ott 

the Laboratory in c:valu::1tions of possible 
contamination ~c:tusc theirconccntr.llions in soils 
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T.1ble 10. CompurL'iOn of Modern und Old ~posil"- TA-39. HF Di~-stion. 

(.;o:mc Uulk 
Channel OhJ rloodplain Old 
Sands. Channel Deposit. Aoodpluin 
Avcr:~~c SunLili A\'l.:rU!=C Deposit-. 

Element (ppm)• (ppm)•• (ppm)••• {f)pml•••• 

AJ ol.QSOO :t:1:1 6:,\1)00 u 60750 = 3.54 69000 c 
A:> 4.: :t:.9 7.5 6.M ±0.6 IO.J.u 
l3a t:S ±7 :90 b ::76 ± b~ ~40 
Sl: 1.0 ::o.t l.S u 3.-l-±0.1 4 
C.'\ 1900 ± 14.1 MIOO b,c 4350 :!:636 6l00 a 
Co 0,9:!:0.: 1 b.c 3.0 ±0.7 3.9 
Cr 1.~ ± 1.0 :3 h II.S±3.S l!i 
Cu 1.1 :tO.I :.6 a 7.0 ±:.o 7.6 
Fe 4.500±566 ~:ooo b,c'! 14500:!: 1414 17000 
K :sooo ± 14.14 :sooo ::b550 :!: ::I:: I ::7000 
M~ 500 ::4: :!500 b ::!::!00 :t SM 3300 
Mn ISS :35 1300 h 43.5 :!: 14 450 
Na 19000:: 141* :oooo 17750 :!: ::*75 IXOOO 
Ni .a 14 b x.s:!: 3.5 ~ 

. Pb <J. ~ t: :!:O.J. IJ. 
Sh <j <5 <$ <S 
Tu 1.1 :to.:: ::.b u J..S :t O.S *·J. 
Th ,:\.6:!:0,.1. Y.J.a IJ. :t t.J. l!i 
T1 o.~ :: o.t O . .J o.7:o.: 0.~ 
u 0.9 ±0.3 l.S J..l :!: 0.3 J..7 
v 3.J.:!: 0.9 t(J. h ::::6 ..... _, 
Zn .30 ±6 :rob M±l 7:: 
• Samples FS:::::J. anJ FS::.::3~. Un..:crtaintics n~ Ia. 
• • Sumplc Fs::::::~~ a • bcyonu r:m~c ol' mollcrn ch:annd sands, but within l':ln~c of' medium to 
com');~: s:mll scparuh: ol' lloouplain l.lcl'o~its: b • b~vlln\.1 ranJ!c ~lf m~.'<.lium to co:ti'N! sanll ~parale of' 
1loodplain deposit": c • mu.ximum value from this data ~~Ct, 
"'• • Sum pies FS::~~o. FS~~~ (~uf'llicatc). FS::::::9. and I:S:!~:,\:: (uurlic••tc>. Unccrt:Linticl' arc I (1, 
• • • • Sample FS::::7: a • bc::-oonc.l ran~c of modern bulk llouJplain deposit.~ but within I"Jnt:c \II' 
line s:md to clny scrnrutcs of 11\)o)flpluin deposits: h • bcy\lnd I"Jn.:c ,,,. line s:mll to clay ~J'<II".lh!s ot' 
l1u01.lpluin 1.h:J'!Osits: c • m:tximum v:Liuc from this Juta set. 

routinely exceed action levels established by the relationships are also present in the sediment." 
EPA (0:32 ppm for As and 0.14 ppm for Be. using colll:cted within Ancho and Indio Canyons. Figures 
HNO,, digestion) (Longmire ct al.. 1996). As a 7 and S are bivariate: plots of A" versus Fe and Be 
result. the evaluation of As and Be in soils at the versus Fe: for these sediments. showing high 
LaborJ.tory currently uses local background values regression coefficients (r:) ot' 0.84 and 0.95. 
to csrablish action levels. and background v;tlu~s respectively. These: plot'\ arc usct'ul in dcl1nin~ the: 
thus play a key role: in the decision-making proces.... baciq;round con~cntr.ttions of A'\ and Be.: a.'\ they 
The unalvtical data obtained in this studv :-imilru-lv relate: to Fe concc:ntr.:.tion. Outliers to these . . . 

· show that concentrations of A::. and B~ in the bivariate plots may indicate contamination :.L"' 

sedi mcnt samples exceed the previously opposed to natural variations in back~round 
established action levels. although their concentrations of these analytc.o,;. 
concentrJtions in sediments are generally less than 
·that observed in local soils. 

COMPARISON WITH BACKGROUND 
Thc.conccntrJtions or Ao:. ;tnd Be an: generally SOILS 
strongly correlated with Fe conccntrJtion in soils 
at the Labor.uory (longmire c:t al .• 1995. 1996; Thc.:b:.u:kgroundsedimc:nt~ph:sfromAnchoand 
McDonald ct al.. 1996). and these elemental Indio· Canyons were compared with background 
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Fi'g. 6. Cmnpari.mrr oftlw conccntrutitms ofxdcctcd dements in prl!lti.,·roric sand.o; (sample FS2Z28) and active 
chamw/,o;and,\' (.'>amplcs FS22.2ol and FS2233). Com:emration.\' obtained usinJ: lfNO,, diJ.:t!.Wiott (Table 2). 

y • •0,::114 + ::.7f>.\ r: •0.11.4 

0(~,--~~~~--~~~~--~~--~--~~--~ 
11.:: ll.~ liJ• U.l'l I .0 1.:: 

Iron (wl %) 

Fi~:. 7. PltJt nft\X ''C~Il.'i Fe for back~:rtmlld ,,·edimcnt.'iamplc.o; ;, Anclw and Indio Catr,wm.\' (excluding sam,,les 
FSZ2Z3, FS222S. FS2228. and FS2Z32). Conccntratitms obtained usi11g II NO,, digt•.vtion (fable 2). Error ban; 
lndlcatc rcp(Jrted a~ta~vtical unctrtailftic.o;, 

1.4 ,....., ..... ....,. ...... _..._..,_.,_, _____ ,_ ___ ...,.. ___ _ 

...... 
§. 1.:: 
c.. 
::; 1.0 
ell 

'"" €lJ O,H 
E -e u.(J 
:I = Ool ..... ... ... 

=:; o.:: 
. I I J 

1.11 1.:: 

Fi~:. 8. /'/IJt of /It Vt!I'XII,\' Ft! /11r buckJ,:ffnmd scdimcllt samples llf ,\nclw and Indio Conyotts ( txclucliiiJ: ,o;ompltli 
f'SZZ23. F'S2225, f'S2228, and FS2232). Cotrctfltratimt,f obtai1t~d usiiiJ: II NO 1 diJ:tstimr (Table 2). Error /Jars 
i11dicure rcportrd atlaf.vticaltmc~l'taintil".~. · 
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·soils d:.tta' from the uboratory (Longmire c:t al .• 
.1996) to evaluate if the sediment chemistry was 
similar to certain parts of the soil dat~t set. In· 
genernl. elemental concentr.ttions in the sediment.-; 
ure most simil:.tr to soil samples that contained low 
concentrations of iron. In the· soils. iron 

· concentrnrion is generally correlated with the 
percentage of clay-sized particle.-; in coch sample 
(Longmire ct al •• 1996). and the lower elemental 
concentrations present in the TA-39 sediment.-; arc 
consistent with their relatively low iron content. 
For example, bivariate plot'\ of As versus Fe and 
Be versus Fe for background soils and scclimc:nt$ 
col!cctc:d at the Laboratory are shown in Figures 9 
und I 0. Ar.;cnic. beryllium, and iron concentrations 
in th..: sediment'> arc most simil:u-to concc:ntrJtions 
within A and C horir.ons or within weakly 
developed B horizons in soils. although the A m1d 
C horizons show a greater r.1nge of A.o:, and Be 
conccntr-Jtions. We thus infer thut either the 

. dominant source t'or the sampled sediments is 
erosion of soils containing low concentrations or 
iron or that much ol' the fine-grained Fe·rich 
component or the soils is winnowed out of the 
sediment" durins tr.msport in t1ood~. being carried 
downstream towards the Rio Grande. The 
di rren:nccs between the sediment d;tta set ;md the 
soils data sc:t. including the grcurc:r r.1ngc: of valu~:s 
in the A and C soil horizons. indicate that it is not 
appropriate: to upply UTLs developed for 
ubQratory soils to s~.:dim.:nt samples. 

• II hOn/01111 

4 K l'lllf1~tlll• 
0 Chtlf1lQO~ 

• &tllllloml\ 

0 

PRINCIPAL COMPONENTS ANALYSIS 

Puttcms within the background chemicul duta set 
can be examined using a principal component..; 
analysis {PCA) (Everitt and Dunn. I 99 J ). PCA 
helps to simplify the presentation and evaluation 
of a large multivari~1tc data set by reducing it..; 
dimensionality. This simplification enable.'> us {O 

further evaluate, both qualitatively and 
quanti~tively. the tbctors controlling the variability 
within the sediment data. and also the differences 
and similarities between the background soil data 
of Longmire: et al. ( 1995) and the background 
sediment samples of this report. 

The set or measured concentrations for a single 
sample constitutes one observation that is a vector 
in a :!1-dimc:nsional !'pace. when: each element 
listed in Table~ correspond..; to a dimension. Af!cr 
c::liminatins Cl and S0-1 (which are mostly below 
detection level). the black sand ~tnd prehistQrie 
channel samples (which arc distinctly different 
from the other sample:.;), and :.Liso some: ofth~: major 
element-; (Ca. K. and Mg) in order to minimize 
problems with singularities in the covariance: 
matrix. there are still 16 dimensions. which are not 
c<L"iiY visualized. However. virtually all (9S.S%) 
ot' the variability among the r-:mainins l-+ 
obscrv:ltions occurs in a two-dimensional sub:-;pacc 
of thi:-t 16·dimensional space. A proje..:tion ot' the 
observations onto this subspace (Fig. I t) is very 

... ... 

4 

... 

A 

J 

Iron (wt 4i"fl) 

Fi~:. 9. Plot of A~ ~t,;ll$ Ft fiJr/md:[.:rOimd .~tdimtllt ,,·amplt,\' ;, .. tnclw and Jndlo C01r;vmr~ (txcludbtt: 
.1\amplt~· FS~Z23, FS:Z1S. FSZZZt't. am/ FSZZJZ). a11d tlrt! A, D, and C lwri:mrl\ (J/ back~:ruund st~J'L,· ar tilt! 
lAboratory (Lim~:mif't! t!f at.. 1996). Cotletlllratiorrs obtainttd ll.'lill~t II NO,, di~:t.'>timr (Tablt! Z). 
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Fit:. 10. Plot of Be Vf!r.>US Fe for back~:mund .o;edimenl sample$ (/rom activt cllattnt/,o; andfloodpfaitJs) in 
Anclw and lttditl Caii,VOII.\' (excludilrx sample.v FSZ213, FS222S, PS222.''l, a11d FS2Z32), and the A, B. a11d C 
lwri:on.v of backJ:rOimd .o;oi/s at the lAboratory ( Lnttt:mirc ct aL. I 996). CnllctlltraJiom~ obtained using H NOJ 
lli~:e.'i/ion (Table 2). 

useful in determining what is conu·olling the 
variability among the samples. 

ln Figure 11. the x-0\Xi~ (first princip•d component) 
corresponds to the direction in the l6-dimcnsion•1l 
space along which the obscrv.ttions vury most (89% 
or the total variability). This first component 
scparJtes the lincst and inlcrmcdi:tte si:r.c fr-Jctions 
(with higher concentrations of most clemenL-;) from 
the coan-;er fractions of the noodpl~tin samples •md 
clearly isolates the channel sand snmplcs (with 
relatively low concentrations) on the left side of 
the tigurc. Bccau!\c the PCA calculation was done 
without rescaling the observations. this fit•st 
principal component rr::t1ccto,; primarily vat•kttion in 
conccntr:ttions of the major clement.;. :duminum 
and iron. 

lt would also appear from Figure II that the bulk 
Ancho Canyon lloodplain samples had more line 
and medium mmcrial than the: bulk Indio Canyon 
samples. The Ancho Canyon bulk samples plot on 
the right with the liner fl'acrions. but the lndio 
Canyon samples :trc farther left. Overall. this tirsL 
dimension ofthc PCA shows that sil~c: fmctionation 
is the principal controlling factor in dctcnnining 
differences among the samph:s included in this 
study. 

The second dimcr'lsion, plotted on the y-a.xis of 
Figure II. scparntcs the two principal locations. 
Ancho ami Indio Canyons. For this daw set. the 
difference in chemistry between the sample: sites 
in these two canyons is app:m:ntly the second most 
important factor in controlling the variability in 
chcmicul conccntrntions. 

The projections or the two sumplc:; excluded from 
the c~llcul:tlion ot' the principal components in 
Figure ll.thc prehistoric channel sand sam ph: ~md 
the black magnetite sand sample. ~1rc way off scale 
on this plot, dc:monstrJting how diffc:rcnl they are 
from the ~emaindcr ot' the samples. 

When principul componcnL.; analysis is performed 
using data for the background soil samples of 
Longmire et al. ( 1995). the first two dimension:; 
capture about 96.5% of the total variability and 
serve principally to separ-Jtc the B horizon datn 
from theA and C horizon data (Fig. 12). The lower 
lcft·hand comer of this plot is occupied exclusively 
by samples idcnti1icd as coming from the A and C 
horizons. although some samples from these 
horizons me scattered f~trthcr up and to the right. 
When the sediment samples arc projected onto 
these principal components. the sand.11 and coarse 
fractions wind up within this lower h:ft·hand 
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··Fig. 11. :. St!dime~rt Namp/~$ from Anello and Indio Canyons di.vplaycd in a coordinate ~)'Stem dt'{urtd by tlttr"r 
' · fmt two principal compontllls. Nort the brtctk.~ in tltt x and .v axts that t'ndt'caJc tire locatiom; of tire bUu:k 
· · .~and 'sample ~a11d tit~ prtltistoric cllamrtl sam pit!. wltit:ll ha'c t;tlrtmt ''aluts in tlzi..v data .'ltt. Su tt:tt fo,. · 

Jiscw;sion. · 

· . · · comer. and the remaining sample:-;. (excepting. 
again~.· the prehistoric channel· s•md.s ·and the 
magnctite sunds) arc nearby. Overall •. these:· plots 
. furtherindicatc that the sediment samples are most 
similar to soils from the: A and C horizon. although 
the sediment samples are also similar to some of 
the·· B horizon samples. :md the greater r..mge for 
the A and C horizons limit-; their applicability as a 

·substitute for sediment samph:s. 

··· ... SUMMARYSTATISTICS:FOR 
. BACKGROUND SEDIMENT 

SMIPLES 

. Summary. statistics for the sediment data arc: 
presented in T;~bles II and 12. In view or the: fact 

·.that the -sample location is the second most 
imporr:.mt c:.'<planatory factor for the variation in 

.. · ·observed concc:ntrmions;!'t.'i shown by the principal 

.,., --

component...; analysis. the sediment daw discussed · 
in this report should be considered strictly 
preliminary. Two- sample areas are probably 
insufficient to represent the variabilit)' that will be 
encountered· when ·more background sediment 
loc:ttions from other parts of the Pajarito Plate•\u 
are udded. 

This t.:aveat should be: borne in mind whc.:n using 
the statistic~ shown in Tablc:s 11 and 12. which 
include medians, me:ms. standard· deviations. 
minima. ma.xima. and (0.95.0.95) UTL.~ basea on 
the 16 sediment samples~ The UTLs arc calculated 
following procedure~ discussed in EPA ( 1989). and 
indicate values that have a 95% stati.stical 
confidence: of" exceeding the 95th percentile:\ of the 
tNe distributions. The: statistics were cnlculatcd 
ba.o;ed on values from all samples. excluding 
outliers in the data set th~tt would innate the· 
c:stimmc of the mean by more than lO%. or. in the 

--·--- -------- ----------~-----------
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case of potassium. an anomalously low v~llue. 
These outlicr·s arc presented in Table 13, and 
include values ror the bluck mugnctilc·t·ich sands. 
the recent mud deposit. and the prehistoric channel 
dcposils. The: summary statistics t'or some of the 
radionctivc isotopes in T~1blc 12 usc Lhc whole· 
sample value:-; in Table II and correction factors 
that arc prc:;cntcd in Table 14. The UTL..; in Tables 
11 and 12 arc up to 50% larger than Lhc ma.ximum 
values observed, :.L' a result of the small sample 
size. and will require revision as more background 
sediment samples arc obtaim:d. 

IMPLICA'flONS FOR SAMPLING AND 
INTERPRETATION OF DATA 

The data set discussed in this rcpo1t is limited by 
its small sample size and thus may not be 
representative of the full range or b:1ckground 
sediment chemistry present at TA-39. ln addition. 
this d:.1ta set is not intended to be rcprcscnt:ltivc of 

all sedimcnLo; on the Pajarilo Plateau because the 
sampled canyons dr.1in area.'\ entirely within the 
Bandel icrTurr. For example. additionul variution 
will undoubtedly occur in the canyons that head 
in the Sierra de los Valles anddr.Lin areas including 
T.o;chicoma FonnatiCin dacite. However. the l'esull'i 
Of this study suggest St!VC:I" .. ll implicutions J\."'r the 
collection or samples and the interpretation of' 
analytical data that should allow improved 
evaluations of potential contamination in 
scdimenL..; at the t..aboratory. 

First. because of the dependence of sediment 
geochemistry on gr.tin size and mincr.tlogy, notes 
on the clmr.tctcristics of each sample (such ~L' the 
sener.LI grain size or the presence of black sands) 
can be: valuable in und~:rstanding v:u'iations in the 
unalytical data and should be routinely made in 
the: field by the s:unpling team. Second. the 
correlations that arc present between iron and 
other metals can b¢ used :.L'\ :1n additional test for 
pos...;iblc deviations from background. such a.'i for 
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Table 11. Summury Sllltl..;ti~ for Buck~'I'Ound s~:diment Sumple:o:."' 

Number- Mmunum Median Mc:nn ~lanuard Ma1omum 
or Value Valu~ Value Deviation Value 

Annlytc Outliers (Jlpm) (ppm> (J'Jlrn) (ppm) (ppml utl95 .. 

.AI 0 740 5400 so:o ~670 ~400 11700 
A~ 0 <O.S ~ 1.65 0.91 3.0 3.9.:. 
Ba 0 l( 6~.s S9.S n.~ 100 1*1 
lk 0 <O.OS 0,61\ 0.59 0.3~ 1.1 lAO 
Ca 0 IXO 1400 1450 7.:.7 ~600 3340 
Co I 0.6 3 :.57 1.01 3.S 5.16 
Cr I O.N· 4,95 ~.IS 1.~0 5.9 '8,77 
Cu I O.N 4.35 .s..:l ~.~0 7.5 9.SS 
Fe .., 1400 !\400 6970 ~NSO 9600 14400 .. 
K 0 IKO 1~50 11'70 664 ::::oo ::~so 
KTOTAl. I ::ooo :ssoo :s.:.oo INDO ~9000 30000 
Ms 0 170 1110 1030 ~09 1700 ::.310 
Mn 1 46 Z40 :!41 97.: 3NO 490 

-N:l 0 34 93 96.3 39.0 190 195 
Ni 0 .a 4.5 4.81 ::.07 9 10.0 
l'b I d i.S 7.13 :::.61 II 13.N 
Th I 0.9 5.9 ~.::4 ::.::s s 11.1 
ThTOTAL. I 3.3 IS l :::.7 4.6H 18 ::4,7 
\J I <0.3 0.6 0 • .58 o.::7 . 1.0 . 1.::9 
UTOTAL I o:t 4-,IS . 3.61 l.SS 5.7 7.6:: 
v I 1.0 9.5 8.91 4.N:: ::o :u 
Zn I 9 33.5 n.o 11.7 4~ 6::.1 

• · Stutisti~s prc~ntcll for result~ or HNO_, di~cstion ~rocedurcs. except forK TOTAL. Th TOTAL. 
and U TOTAL. ~lich were obtnincd I' rom HI-: digestion pro~cdures and an: u:-c:d lor ~alculation of 
UTt.s for spccit1c rn~ioactivc isotopes (Table I~). Statbtics \\I:I'C culculated :.l'tcr outliers pn:~ntcll in 
Table 13 '"'rc- dch:tcll, and an:•lvscs llel,lw the detection limit (01...) ~rc conliillcn:d a." IC DL. No 
V'.LIUCl4 ure prc~ntcu for Cl, Sb, so~. Ta. and Tl b~UUM: or the small num~r ol' anal~ses aboYC 01.. 
(0-4). 
,.. uti9S is a {0.95.0.95) tiTL.computcd u:ooint: cstimutcd mean and standarll deviation un<l nonnal 
a..._~umptions (1.c .. sch:cting a "k·l'actor" arpropri:uc l'or a sam ph: Ql' silc: 16 l'O outlic:rs. k • :.S:3J, IS 
fl outlier. k • :.5661 or I* r::: outliers.k • :.6141. Then uti9S • mean +tk•stanuard deviation)) • 

. Thblc 12. E."timatl'<l Summary Sto~tto;ti~ for S~ll'dl'd IWdionc:ti\'e L.;oto~s in BackJ,:round S..'Climcnt 
· · Snmph.~."' 

Number Mm1mum Mcuann Mean St:lndan.l Ma.x1murn 
ot' Value- Value Value Deviation Vnluc 

·· Isotope Outliers fpCi/~) (pCi/,:) l !'Cil,~.:> (pCi/):) CpCil,:) uti9S•• 

. ..,x I lti.O 2\.3' :w.s l.*g ~3.7 :::*.6 
~'Pa I O.QI 0.06 0.06 0.0~ 0.09 0.1: 
!!liRa I 'o.::s 1.4:! 1.:!9 o.ss ~.0~ :z. 71 
::liRa. I 0.36 1.64 1.39 O.!i I 1.97 ~.70 
.:>rh I 0.36 I.M 1.39 0.51 1.97 :.70 
~h I 0.25 lA~ L29 o.ss ~.02 ~71 

'=-'>rh l 0.36 1.64 1.39 0.51 1.97 :.70 
::wu . I o.::s I.J.~ 1.19 oss :!.o:: ~.71 

.:~~u I 0.01 0.06 0.06 o.o: 0.09 0.1: 
!.!Oiu I 0.:!3 1.34 1.::1 o . .s:: 1.90 ::.ss 
• Statistics ~stimuh:d using whol~-sampl~ V'.llu~:s pre!scnted in Tt~ble II :.nd corr~lion factors 

. pre:;cntcd in T:1blc 14 (lor~ u1'h, ~IJ.:."u. and .:. .. U). or u..;.~umption or i'oi!CUiurequilibrium with 
. ·next higher parent i!iOtopc in dcca~ ch11in (for ~·''Pn. ::.R:t. ~~. ~.anu :."ThJ. Statistics ~rc 
· I!Uicul:ucd after outliers presented 10 Table 13 'M!I'C deleted. 

•"' utl9!i ill u (0.9S,0.9S J UTL. s~.-e footnote to Tnblc 11. 
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'ruble 13. OuUicr.; in Background &odimcnt Data Set.• 

Sample !'amplt: 
Numb~r DcS4!ription 

<.:onccntratlOII 
Anulytc (ppm) 

FS2ZZ5 black magnetite-rich sands Co 6 
Cr I~ 
Fe .57000 

!\:TOTAL 3600 
Mn 1:!00 
Th 14 

ThTOTAL 130 
v 66 

Zn 300 

recent mud l.lcpo:.it Cu I~ 
Ph 16 
u 1.6 

U TOTAl .. 7.::! 

Fe 1::1000 
v 1CJ 

l"rchistoric channel S<~nds 

• Outli.:rs only c:tlcululcd for HNO, di).!clltion, except !'or v;~lucs l:~bclcl.l 
"TOTAL", -Mlu.:h were ohtaincd usin~ HF ui,~;cstion. Outliers idcntiliell :L' 
values that oould inn:uc the estimate of the menn hy more than I 0%, c:~cc('t 
lor the K TOTAL v:1luc l'or sample FS2225. ~ich W.l.'i nnomalnu,.ly low in 
compuriMJn to the other so1mplcs. 

Table 14, Corn:ction Factors us"'<l to E.'itimatc Conccntl"'.ttion..; orSckoctcd Radioactive !.-.;otorx.-s.• 

.SpCI!lllC N:uural (.;on"Cctton 
Activity Ahunuancc t:uctor 

lsotOJ"C !pCi/g l (%) ( pCiJ,: per J'IJ'lln l 

""K 6.9') :\ l 0" 0.0117 ~.173(1 X 10 .. 
:.1., 1.09 X I 0; 100 1.on x ltr' :.lolu ll.23 "' 1 o~ 0.00$7 3.55 ~ 10'1 

:Jiu ::.16 X I OA 0.710 1.53 X 10'; 
='"u ;\,;\(l' 10' QQ.~~ ~34 '\ ltr' 

• \\holc·samplc vulucs of K. Th. anll U f!rcM:ntcd in Tuhlc I I \locrc muhirliccJ hy the~ 
correction ft~cton.tll proviu~: cstim:~tcl' of uctivity i11 hackgrounu !ll:uimcnt samrh:1o. 
Values from lnM:alluuon Work l'lan f'or l.o!. Alamm National l...:lhl~iJtol'\' Environmcnt;ll 
Restormion Project. • 

high values that may lie beyond th!! background 
duta set but still would be consistent with the 
nutural clcmcm.al trc:nd.o;. Third. selective sampling 
of certain types of deposits (such as black 
magnetite-rich sand." where dense particles like 
depleted uranium may be ..:oncentr.ncd) may be 
useful in examining the transport of spccilic 
contaminants. Finally. scdimc:nl.'\ in the subsurt'acc 
sampled in core holes may have significantly 
higher concentrations or certain c:lc:rncnts than 
surt'ace sediment due to postdepositional altcr'Jlion 

a.o;sociated with migr.1ting water. and selection or 
appropriate background ~mplcs !'or compari/\on 
needs to be made accordingly. 
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