


























it dies out at ito; southern terminus.(Gardner et a.l •• 
] 998a). These findings provided impctu:\ to expand 
the initial project with a renewed focus on the TA-
3 area. Geologic mapping requires exposures of 
stratigraphic unit" or markers. 11lUS. in heavily 
urbanized· 3re:l.~ in TA-3. we resorted to core 
drilling at the footprinlo; of proposed or existing 
facilities to fix the elevations of unit contacts and 
evaluate the possibilities of normal or reverse 
faulting. Consequently. the study area (Figure 2 
and Plate I) is approximately 6 square miles. and 
includes mapping at or in the Los Alamos County 
La,.,dfill.TA-SS. some construction trenches. sparse 
bedrock exposures in TA .. 3. nineteen drill holes in 
1:1\·3. and mostly portions of Two mile. Mormndad. 
Sandia. and Los Alamos Canyons. 

C. Geologic .\lapping 

Issues rcga.rdingpotential seismic surface ruptures 
at sensitive facilities at Los Alamos N:llionaJ 
Laboratory motivated us to develop a unique 
approach to geologic mapping that enables 
recognition ofvenical fault displacements so small 
that they would be overlooked and unmapped by 
conventional geologic mapping teChniques (see. for 
example. Reneau et al.. 1995). Our approach. 
referred to as high-precision geologic mapping. 
involves actual surveying of point'\ on geologic 
features in the field. using a Geociimeter Total 
St.1cion with an on-board computer and detailed 
computer·aided and field analyses of anomalies in 
the elevations of the points surveyed on a given 
geologic surface (Lavine et aI. 1997; Gardner et 
a1. 1998a:I..avineetal. 1998). Most of the geologic 
features shown on Plate) • particularly those in and 
ilfound the immediate TA·3 to TA·SS area. were 
mapped with the high-precision technique andlor 
identified with data. from the demiled drilling work 
done at a few facility footprints~ however. faults 
depicted on Plate 1 as "previously mapped faults" 
wen: mapped by Gardner and Reneau (unpublished 
data) by conventiona1 geologic mapping techniques 
at a variety of scales. Additionally. fault mapping 
at the site of the LosAlamos County Mesa Public 
Library was done by Reneau and Gardner 
(unpubJished) while they pioneered the high-
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precision geologic mapping teChnique. It. needo; to 
be stressed that the precision and aCCUr:lcy of the 
high-precision mapping technique. discussed 
below. usuallv exceed the absolute aCCUr:lCV of the . . 
ba.'ie map of Plate 1 (i.e .• topography. r~ad.'i. 
buildings). and use of Plate 1 through any 
enlargement process. including photogr~phic or 
photocopy. is inappropri:lle. If geologic features. 
such as f~ults. are shown on Plate I to run through 
or near facilities of concern. then we recommend 
further. detailed site-specific investigations. The 
m~jor exceptions to this recommendation arc the 
portions ofTA·3 where such detailed site-specific 
investigations in the drilling pan of this project 
have alre:1dy been done. Readers must note that 
Plate I is not a complete geologic map. Our 
objective is mainly to identify faulto;: as such. the 
high.precision mapping focused on widespread 
stratigr:lphic markers that. ~t the time of their 
formation or deposition. approximated planar 
sUifaces. Consequently. geologic features not 
particularly useful for identification of faull'; have 
not been mapped in a systema.tic fashion 10 

completion. To turn Plate I into a complete 
geologic map would require significant effort 
beyond this project. 

As part of the Environmental Restoration Program. 
the Facility for Information ManagementAnalysis 
and Display (FL\1AD) wa.'\ established at the 
Laboratory in 1991 to serve as a geog1':lphic 
information system (GIS) for environmental dam. 
With the development of an improved digital 
elevation model for the Laboratory a.o; part of this 
GIS. FIMAD rJ.n a series of quality a.'\surance 
checks on establish<:d survey monuments. or 
benchmarks. around the Laboratory. La.rge 
inaccuracies wen: revealed. and in 199:2 a new Lab­
wide control network of "good" survey monuments 
was established. Benchmarks of this control 
network of monumento; in the vicinity of TA-SS 
form the framework for locating our surveyed 
points in absolute three-dimensiona.1 space. 

Instrument se~ps are done: by tri:mgulation on 
benchmarks. which enables location of the 
GeodimeterTotal Station in coordinates of the Stl.te 
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Vtlailed map of a portion of TA·j showing the locoliv;1S oj"hort'l,o'es drilled ar parl of lire haUlrds project. Seismic hazards borehole 
(SII8) locations are SIlO''''' alllle Chemical alld Metallurgy (CMR) building and at the silts/orlhe proposed Strategic Computillg Cenler (SeC) 
alld NOllprolife;alioJl and Illternational Security Cellter (NISC) (Sit A.-rier tI a 1., 19980 and 1998b for more in/ormation), A Iso ShOWII, surrounded by tIlt 
NI$C boreholes, is SHB·2, ,.·hielJ waS drilled ;111991 as parI afthi mmg eI al. (1995) study (Sie also Gardner eI al., 1993). Tht grid is illlTie State Plane 
Coordinate System (i"ftet), Ne .. · Mexico Celltral Zoiu'. 1983 ,\'orth American Datum; CO/lt(mTS are sholt'n ill blatk. Borehole fOtaliolls art also 
shown on Plate I.' '. . , .. "J .. NIJH.) 
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CaO, N~O. 1<:0. P;:Os).ten trace elements (Y. Cr. 
Ni.Zn.,Rb. 5r. Y;Zr.Nb. Ba). and LOt Appendix 
B is a tabulation of all geochemical data. including 

.' ,analytical uncertaintie.~ (or each analytc. gcncr::tted 
for, this study. Concentrations, for the elements V. 
Cr. and Ni, in the BandeHcr Tuff are .at' or below 
detection Hmits fOi the- XR.F method~ and :IrC not 
tabulated, in the 'Appendix., Appendix B also 
conttins maps that show fieJd s:l1npJe locations. 
Geochemjcal samples from the boreholes arc 

- rehltcd to specific hole by sample number (see aJso 
Figure 3) and depth., 

Iv. GEOLOGY 
, , 

A. . Stratigraphy 

well-devcloped.. orange, clay-rich soils. In a few 
loc.alitics where we thought it may provide 
additional faulting constraints. we did map the tuff­
alluvium contact. and these dam:u'l: l'\hown on Plate 
1. ,In Twomile and Los Alamos canyons we also 
note flighrsof Quaternary terroccs. overlain with 
coarse. subrounded alluvial gr.avels. Additionally. 
at the e:lStern m.argin of the srudy area. the Cerro 
Toledo Rhyolite and Otowi Member of the 
Bandelier Tuff are well exposed benc.ath the 
T.'ihircge Member in Los Alamos Canyon bur were 
not mapped. If. however. the high-precision 
mapping-begun in this project were to bcextended. 
farther cast for purposes of f.ault idcntitic.ation. the 
Otowi and Cerro Toledo horizons would probably 
Ix worth mapping. 

Temporal ~,d lithologic relations (or fonna.Jizcd Most of the units and stratiSr:lphic markcT$ (Figure 
stratigraphic units of the Jemez Mountains re,Sion 4) we have mapped arc cooling unit cont:lcts or 
are'discussed by Bailey et al. (1969) and Gardner individual pyroclastic surges within the T~hirege 
et al. (1986) •. and theSe units form the broad Member of the Bandelier Tuft: Thc Tshirege 
stratigraphic framework for the area. The Member was erupted at 1.22 Ma (Izelt and 

, stratigraphy exposed in the study area includes. Obraciovich .. 1994) from the VaJJes calder::t (Figure 
from oJde.~t to youngest the Otowi Member of 1). to the WC$t of Los Alamos;. as a series of hot 
the BandetierTuff; the Cerro Toledo Rhyolite; the pyroclastic flows. Although the pyroclastic flows 
Tshirege Member ofthe BandelierTuff~ me::m ... rop were erupted in fairly r::tpid succession. sufficient 
alluvial deposits; mesa-top soils; fluvial terraces rime passed between major eruptive putscsso that 
and, assoCiatcdgr::tvels; colluvium on sJope.'i- and paclalges of the resultant ignimbrite deposits cooled 
canyon, walls: and recent alluvium in canyon as discrete units. Additionally. the volume of the 
bottoms. The most widc:.'\prcad unit in the study Tshirege Member ruffs in the study area was 
area is the Tshirege Member of the Bandel ier Tuff. sufficient to flood and completely bury a rugge~ 
whichfonns the mesas in the northwestemp!lrt of preexisting topogrnphy (Broxton and Reneau. 
Lo~. Alamos National Laborntory. Because the 1996). Consequently. the higher cooling unit 
main objective of our project is to identify faults contacts and pyroclastic surges were cs."Cntiany 
and, gain :understtulding of the structu~ geology planar and nearly horizontal on deposition, 
of the· srudy arc.a. we emphasized mapping units 
with lateral continuitY that were originaUy Below we briefiy describe salient field 
deposited ·as, gently dipping layers with ncarly ch:lr.lcteristics of the features we have mapped. 
planar contacts. ThuS. ,because of their Jack of 
Jateralcontinuity in the srudy area.. and. for some I. Tshin:ge Member of rhe Bandelier Tuff 
units their erosional or nonplanar basal, contlcts. 
we did not .. systematically map the alluvial.. The stratigraphy for the T.<;hircge Member of the 
coUuviaJ. soH; fermce" Cerro Toledo Rhyolite. and BandelierTuffthat we employ is based on Broxton 
Otowi Member deposits. However. patches of and Reneau (l99S). Builcling on the earlier work 
alluvial, sands .and gravels commonly overlie the· of Vaniman and Wohlec: (] 990) around TA-SS. 
TshircgeMember on mesa tops. Locally •. these Broxton and Reneau (1995) developed a 
mesa-ropa.Jluvia.J deposits arc capped with fairly str:ltigraphy of cooling units within the Tshiregc 
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Appendix A-I: Surveyed Poinls (cont.) 
..... 
_.J 

? -
MjlQrs:d CQDm~ NQrthjn:; Easi..ru:. ~ Mum;ocd COnlilCI ~Qr:tbiD:; ~ 

,. 
Eh:vi'ucin 

T·A 17740H5.5~ I 612767.7R 7306.00 T·A 1773913.67 1623104.73 7313.;;; 
T·A 17740~6.79 162:2763.91 7306.41 T·A 1773911.77 16~I06.07 7313.156 
T·t\ 177401<1<.56 1611760.22 7306.77 T·/\ 177391 ~.:\O 1623106.72 7316.~C 
T·A 1774090045 1612756.99 7306.91 T·A 1773911.77 162310H.30 731S.lD 
T-A 1774091.17 161:754.36 7307.11 T·A 1773911.34 1613108.!i0 7315.52 
T-A 1774093.:4 16~754.02 7308.54 T·A 1773911.66 1613108.63 7316;~0 
T·A 1774093.59 16~753.s9 730~.51 T·A 1773911.51 1613108.95 7317;a4 
T·A 1774093.88 16~753.12 730~.29 T·A 1773911.29 1623110.08 7319.n 
T·A 1774092.67 16~751.09 7305.40 T-A 1773911.33 1623113.89 7321.65 
T·A 1774094.56 1621747.18 7305.1N T·A 1773910A5 1613116.84 7311.18 
T·A 1774096.34 1611743.51 7305.07 T·A 1773909.30 1623118.61 7n:.50 
T·A 1774099.05 16~739.53 7305.31 T·A 1773907.56 1623111.44 7322043 
T·A 1774101.54 16~173~75 7305.27 T·A 1773905.5~ 1623114.84 7311.S6 
T·A 1774103.59 16117:8.90 7304.75 T·A 1773903.70 1623128.01 7322.87 
T.t\. 1774105.98 1612723.91 7304.22 T·A 1773900.44 1623133.91 7322.95· 
T·A 1774107.56 1 611720.X3 7303.73 T·A 1773899.53 I f'!3 I 35.31 73:!:!.7';' 
T·A 17;4108.04 1611710.13 7303.18 T·A 1773720.75 1623301.75 7318.86 
T·A 1774/09.16 16::171.7.65 7302.96 T·A 1773715.32 1623302.00 731t{.95 
T·A 1773~91.66 1623139.24 7319.14 T·A 1773707.72 1623301.23 7320.12 
T·A 1773SX8.66 1623143.57 7319.~· T·A 1773701.73 1623300.40 7320.(i~ 

T·A 1773885.87 1613148.16 7319.11 T·A 1773696.76 1623198.54 73:!O.XO 
T·A 1 773H83.76 1623153.94. 7319.23 T·A 1773691.08 1623196.74 7320.46 
T·A 1773877.63 1623 163.18 7319.48 T·A 1773685.92 1623294.82 7310.n 
T·A 1773874.51 1623167.02 7319.55 T·A 1773673.05 162328~.94 7311.19 
T·A 1773872.45 1623/70.17 7319.45 T·A 1773665.80 1623285.20 7311;73 
T·A 1773871.70 1613174.14 7319.17 T·/\ 1773666.14 1 6231X4.09 7321.6H 
T·A 1713870.18 1623177.63 7319.27 T·A 1i73658.61 1 62327X.25 7322.0n 
T·A 1773867.36 1623180.22 7319.63 T·t\ 1773656.21 1623277.07 7321.91 
T·A Im6S0.05 1624291.11 7314.~ T·A 177365.5.24 1623275.84 73~1.23 

T·A 17738<W.69 1623183.30 7319.72 T-A 1773650.06 1623273.04 7321.34 
T·A 1 773H61.93 1622186.65 7319.60 T·A 1 773646.H6 1623271.11 73~.24 

T·A 1 773S6 1.07 162318S.n i3i4.68 T·A 1773634.19 1623167.% 731.1.X5 
T·A 1773~59.1S 1623192.25 7317.08 T·A 1773626.94 1623263.56 7325.24 

T·A 1773857.23 16~194.s7 7316.77 T·A 1773621.26 1623159.31 731b.3n 

"·A 1773856.68 1623/95.76 7316.59 T·A 1773612.47 1623253.18 7327.70 

T·A 1773855.33 1623/96.14 7314..45 T-A 1773604.43 1623248.64 7329.79 

T·A 1773854.52 1623 J 9M.99 7315.74 T·A 17736mt04 1623243.22 7322,.15 

T·A 1773):150.92 16~202.36 7314.~ T·A 1774120.86 1622693.68 7300.39 

T·A I 77384H.S7 1623106.33 7312.31 T·A 1774121.97 1621689.29 730/.51 

T·A 1773~7.07 1623208.R4 7309.84 T·A 1774137.61 1621659.33 7300.53 

T·A 1773X43.19 1623214..42 7310.21 T·A 1774138.74 1621657.02 7301.51 

T·A 1773841.02 1623216.16 7309.74- T·A 1774.140.34 1621655.70 7307.24 

T·A 1773&11.21 1623221.48 73i7.14 T·A 1774157.52 1622639.73 7311.91 

T·A 17738~7.43 161.1123.97 7316.05 T·A 1774159.33 Ifl~1636.09 7314.21 

T·A I 773836.0H 1623216.71 7315.39 T·A 1774160.M8 16~633.04 7317.97 

T·A 1773):135.26 1623127.58 7314.23 T·A 1774162.97 !612629.H6 7nO.24 

T·A 1773833.67 1613229.57 7313.30 T·A 1774190.63 I 622560.H5 73IX.YS 

T·A 1773831.56 1623132.30 7311~0.13 T·A 1774194.15 1 622541t2 1 7320.12 

T·A 1773H30.32 1613234.16: 7312.45 T·A 1774196.19 16~42.55 7320.So.! 

T·A I 773!l29.85 1623135.16 7313.69 T·A 1774197.64 1622538.68 7311.<.73 

T·A 1773828.15 1623137.25 7312.01 T·A 1774199.21 16~34.74 7319.1~ 

T·A 1773826.13 1613139.64 7311.03 T·A 1774201.86 16::531.46 7319.29 
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Appendix A-I: Surveyed PoinL<; (cont.) 

/SQobi0:: f.uliJlI: ElC:i.lliWl MilC:gs:d Qlolila l::1SlcbiD~ ~ E1C:illiao 

T·A 1773823.25 1 623242.3 J 7310.08 'r·A 1774203.36 1622S~6.74 7319.13 

T-A 1773805.49 I 623Z66.24 7311.12 T·A 1774206.53 1622521.73 7319.33 

T-A 1 773H03.:!.4- 1623269.13 731:.14 T·A 1774207.83 16:2517.53 7318.S1 

T·A 1773801.66 1623270,\4 7311.94 T·A 1774210.]8 16l:!S 12. 73 7318.31 

T .. A 1773800.90 162327223 7314.18 T-A 1774211.17 1 6:!Z09. 15 73 JS.8X 

T·A 1773799.83 1623273.79 731$.07 TwA 1774212.45 t 6:2504.93 7317.30 

T .. A' 1773796.97 1623276.25 7316.3: T·A 1774213.24 16~00.66 7317.14 

T-A 1773795.53 1623279.31 7316.55 T-A 17742]4.56 1622496.89 73J4.Z7 

T-A 1773793.4S 1623~2.92 7316.71 T-A 1774214.13 1622498.24 7314.62 

T·A' 1773791.18 1623286.73 73 I 7.ZZ T·A 1774213.39 J62ZSoo.29 7317.11 

T·A 1773788.03 1623290.42 7316.87 T·A 1774216.20 1622491.55 7317.95 

T .. A 1773785.60 1623292.74 7316.48 T·A 1774217.59 1622487.05 7318.26 

T·A' 1773781.:9 1623295.79 7316.61'1 T·A 1774219.60 16Z!4S1.73 7318.92 

T·A 1773776.80 1623300.40 7315.41 T·A I 774Z!:.04 ] 6Z!47';.85 7320.14 

T·A 1773771.65 1623303.98 7316.08 T·t\ 1774223.49 1622470.27 7320.18 

T..:A 1773767.48 1623307.64 7316.21 T·A ) 774294.31' 1622257.25 7316.27 

T·A 1773763.19 1623311.42 7316.64 T·A 1774294.71 16'tt'S6.31 7314.79 

T·A 1773759.09 1623313.34 7316.85 T.A 1774295.32 16"""'54.1 H 73IS.ZR 

T·A 1774224.27 1622467.63 7316.06 T.A 1774296.18 16";:251.53 731S.ZZ 

T·A 1774~.H3 16:!.2463.4S 7316.03 T·A 1774296.79 16Z!Z49.8:! 7314.95 

T·A 17742~.3S !6Z:460.85 7317.39 T·A 1774297.40 16Z!Z47.S:! 7314.56 

T .. A 17742~.S8 1622456.32 7318.18 T·A 1774298.42 1622240;..77 7314.17 

T-A 1774229.52 1622452.09 7313.36 T·A 1774:99.58 16~40.86 7313.85 

T·A 1774231.13 1622447.08 7314.19 T-A 1774300.73 1622:'37.57 7314.05 

T·A l774232.S I 16=441.41 7315.95 T-A 1774301.13 1622234.x9 7314,43 

T·A 1774233.87 16=439.95 1315.78 T·A 1774301.94 1622:'31.02 7314.42 

T·A, 1774234.60 1622436.82 7318.34 T·A 1774304.16 1622227.55 7314.67 

T·A .. 1774236.10 1622431.74 7318.21 T~A 1774305.8:1- 16221~O8 7314.06 

T·A 1774237.44 1622428.12 731g.60 T·A 1774306.59 16=19.86 7314.1":' 

T·A 1774:3~.39 16Z!426.12 7319.34 T·A 1774307.39 16~17.58 7314.52 

T·A 1774239.47 1622422.58 7318.50 T·A 1774308.09 1622215.34 7314.97 

T·A 1774240.49 1622419.10 731tt29 T·A 1774309.16 I 6222t:!.t1 7315.03 

T.A 1774242.18 1622413.79 7318.17 T·A 1774309.97 16~09.67 7315.1 1 

T·A 17742.42.58 16=41:.28 7317.10 T·A 1774310.80 16~07.43 7314.93 

T·P. 1774243.67 1622408.70 7317.01 T-A 177431 LiS 1622204.55 7314.45 

T-A 1774245.50 1622403.54 7317.17 T-A 1774312.83 1622201.50 7314.91 

T·A 1774247.56 1622397.35 7317 • .w. T·A 1774313.63 1622198.'80 7314.67 

T·A . 1774248.86 1622393.74 7317.18 T·A 17743 J 4.: 1622196.63 731";.67 

T·A 1774249.00 1622392.28 731S.47 T·A 1774315.14 1622194,43 7315.11\ 

T·A. ' 1 774::!SO.74 1622387.50 7315.93 T·A 17i";316.89 1622188.85 7315.16 

.T.A· 177425255 1622382.14 7316.59 T·A 1774318.09 ] 62.2185.]8 731";.44 

T·A 1774253.92 1622377.51 7317.24 T·A 1774319.17 1622181.98 7314.61 

T·A 1774255.09 1622374.13 7315.99 T·A 1774320.71 1622177.38 7314.77 

T·A 1774256.81 1622368.85 7317.60 T·A 1774312.10 16~173.0] 7314.88 

T·A' t 77";258.43 1622363.75 7317.10 T·A 1774323.54 1622169.03 7315.08 

T-A J774ZS9.80 1622359.92 7317.80 T·A 1774325.19 16Z!163.S1 7314.61 

T .. A 1774263.44- 1622350.36 7317.79 T·A 1774326.99 16:!.2] 58.33 7314.39 

T-A 1774264.7H 162:345.08 7316.88 T·A 1774328.67 1622J5:'99 7314.21 

T·A 1774267.62 16z:!336.i2 7316.24 T·A 1774330. I:!. 1622148.48 7314.07 

T·A J774268.43 16Z!334.::l3 7315.$6 T·A 1774333.0: 162:139.96 7314.1 :! 

T·A 1774269.36 16Z!331.74 7316.08 T-A 1774335.28 1621133.16 7313.73 

T·A 1774270.23 1622328.tl2 7315.43 T·A 1774337.3:1- 1622127.26 7313.35 
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Appen~ix B (cont.) 

Sample SH6·SCC·4174.0 SHB·SCC·4I7S.5 SHB,SCC·4171.4 SHB·SCC·4178.5 SHB,SCC·4'SI.S SHB,SCC·S174.7 SH6·SCC·Sf15.2 
Unit 4 4 4 3T 3 4' 4 
Northing .773296.13 1773296.73 1713296.13 1173296.13 1173296·73 1173433.34 1713433.;U 
EasUng .617515.41 1617515.47 1617515.47 1617515.47 1617515.47 1617634.30 1617634.30 
Elevallon 7351.9D 7366.40 7364.50 1363.40 1360.40 ?;l61.00 7360.50 
SIO~ .... 1 % 14.27 14.21 15.21 15.61 71.46 75.09 74.48 SiOJ err 0.81 0.~1 0,81 0.82 0.83 0.81 0.81 no,wt % 0.25 0.25 0.21 0.18 0.14 0.21 0.22 TiO, err 0.01 0.01 0.01 0.01 0.01 0.01 n.o •. 
1J,O.y,1 % 13.36 13.31 12.99 12.51 12,39 12.86 12.99 I<J,oJerr 0.21 0.21 0.21 0.21 0.21 0.21 0.21 
FezO.T wt'" 2.20 2.35 2.06 1.90 1.65 1.94 1.96 
FezOJT err 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
MtlOv.1 % 0.01 0.07 0.07 0.07 0.06 0.06 0.07 
MIlO err 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
MgOwt% 0.19 0.22 0.15 0.14 -0.11 0 .• 2 0.14 
MgO err 0.10 0.10 0.10 0.10 0.10 0.10 
CaOwt% 0.63 0.56 0.50 0.50 0.41 0.50 0.52 
CaO err 0.11 D ... 0.11 O. 11 0.11 0.11 0.11 NaPwt% 4.34 4.11 4.44 4.28 4.35 4.31 4.46 .... Na.oen 0.10 0.10 0.10 0.10 0.10 0.10 0.10 ... ... KP\tI1 % 4.65 4.54 4.68 4.44 4.59 4.66 4.66 
KzQ6tf 0.05 0.06 0.06 0.06 0.06 0.06 0.06 P.o,,,.1 % 0.04 0.04 0.03 0.02 0.01 0.03 0.04 
PAerr 0.01 0.01 0.01 0.01 D.O. 0.01 0.01 
LQI% 0.28 0.62 0.15 0.12 0.13 0.16 0.12 
T ata) Majors 100.01 99.84 lOD.3S 99.71 101.06 99.79 99.54 
Znppm 78.83 80.56 85.59 70.61 60.74 62.89 62.75 
Zn err 10.01 9.94 9.72 10.40 10.92 10.80 10.80 
Rbppm 86.81 98.51 91.12 80.10 96.07 93.12 93.98 
Rbert 6.75 6.51 5.18 6.83 6.56 5.13 5.12 
Sr ppm 73.1. 63.0J 48.38 49.83 34.88 43.65 58.61 
Sterr 4.31 4.52 4.89 4.83 5.28 5.02 4.61 Y ppm 32.20 36.23 28.54 28.55 39.56 25.00 21.11 
V err 1.-14 7.56 7.31 7.J3 7.51 9.64 7.20 
b ppm 338.40 343.65 322.66 291.25 254.48 341.40 332.22 
boo 14.99 15.09 14.71 14.15 13.63 15.03 14.86 
tlbppm 37.17 45.45 51.32 35.06 49.52 44.96 34.23 
fib err 8.88 8.99 9.00 8.83 8.94 8.93 8.80 
83 ppm 282.06 329.52 244.24 215.69 173.00 248.98 '306.94 
Ba err 48.16 47.17 48.73 49.28 50.05 48.17 47.30 
Total Trace w1 % 0.12 0.12 0.11 0.10 0.09 0.11 0.11 
Tolal wt % 100.13 99.96 100.49 99.80 .01. 15 99.89 99.65 
Total + LOI 100.41 100.58 100.64 99.92 101.28 100.05 99.17 



, : 

Appendix B (cont.) 

Sample SHB·5CC·sns.e SHB·S ce· Sn6. 5 SHB,SCC·SI18.2 Unit .. 3T 3 Northfng 1173433.34 1173.~3 .. 34 1773433.34 fasting 1611634.30 1,617634.30 161163·(30 Ele\'a~on 7359.90 1359.20 7351.50 SiOll'lt % 74.63 75.21 71.88 SiC! err O.IU 0.8 I 0.83 TiOl 'A1 % 0.22 0.19 0.12 TiCl err 0.01 0.01 0.01 AtOJv.t % 12.85 12.79 11.81 AJ.-OJ ell {,l.21 0.21 0.2t Fe.OJ T \lt1 " 2.10 2.10 1.48 Fe.OJT err 0.05 (,l.OS 0.05 MfiO wt % 0.07 0.01 0.05 MoO err 0.01 0.01 O.Ot 
UgQ v.1 " 0.15 0.19 -0.11 MgO &IT 0.10 0.10 
CaOv.1 % 0.53 0.59 0.37 C.aOerr 0.11 0.11 O.lt Na,Pv.1% 4.40 4.28 4.16 "'- Ns • .() ell 0.10 0.10 0.10 

n 
It..() Vlr1 % 4.63 4.34 4.33 KzOe;r 0.06 0.06 0.06 PAv.t% 0.04 0.03 0.01 p~Jerr O.Ot 0.01 0.01 lOI% 0.14 0.21 0.10 

~ 
Total MajOfs 99.62 99.78 100.22 lnppm 7?69 75.72 44.22 ·1 

~ 
,\ 

lnell 10.29 10.14 11.86 " " R~wm 94.88 82.99 91.53 i; 
~ 

Rberr 6.61 5.39 5.15 ~ Srppm 55.65 55.83 35.56 I Srerr 4.69 4.68 5.24 Yppm 31.59 21.96 27.38 Yell 7.54 7.3' 7.24 bppm 337.99 269.04 214.69 berr 14.95 13.87 11.69 Nbppm 41.06 44.36 44.36 Nt/efT 8.92 B.95 8.82 8a ppm 243.73 305.92 158.62 Baerr 48.50 47.46 50.03 Total Trace V.1 % 0.11 0.11 0.08 Total v.t % 99.73 99.89 100.29 
C':H.:;" , , .. ,h.\"),J::b·h.1" t: t ... JUit.J 

Total.lOl 99.81 100.16 tOO.39 






