






































it dics out at its southern terminus.(Gardner et al.,
1998a). These findings provided impetus to expand
the initial project with a renewed focus on the TA-
3 arca. Geologic mapping requires exposures of
stratigraphic units. or markers. Thus, in heavily
urbanized areas in TA-3, we resorted to core
drilling at the footprints of proposed or existing
facilities to fix the elevations of unit contacts and
cvafuate the possibilities of normal or reverse
faulting, Consequently, the study area (Figure 2
and Plate 1) is approximately 6 square miles, and
includes mapping at or in the Los Alamos County
Landfill, TA-55, some construction trenches, sparse
bedrock exposures in TA-3, nincteen drill holes in
TA-3, and mostly portions of Twomile, Mortandad,
Sandia, and Los Alamos Canyons,

C. Geologic Mapping

[ssues regarding potential seismic surface ruptures
at sensitive facilities at Los Alamos National
Laboratory motivated us to develop a unique
approach to geologic mapping that enables
recognition of vertical fault displacements so small
that they would be overlooked and unmapped by
conventional geologic mapping techniques (see, for
example, Rencau et al,, 1995). Our uapproach,
referred to as high-precision geologic mapping,
involves actual surveying of points on geologic
features in the field, vsing a Geodimeter Total
Station with an on-board computer and detailed
computer-aided and field analyses of anomalies in
the clevations of the points surveyed on a given
geologic surface (Lavine et al, 1997; Gardner et
al, 1998a: Lavine et al. 1998). Mostof the geologic
features shown on Plate 1, particularly those in and
around the immediate TA-3 to TA-55 arca, were
mapped with the high-precision technique and/or
identified with data from the detailed drilling work
done at a few facility footprints; however, fauilts
depicted on Plate 1 as “previously mapped faults™
were mapped by Gardner and Rencau (unpublished
data) by conventional geologic mapping techniques
ata variety of scales. Additionally, fault mapping
at the site of the Los- Alamos County Mesa Public
Library was done by Reneau and Gardner
(unpublished) while they pioneered the high-

precision geologic mapping technique. Itneedsto
be stressed that the precision and accuracy of the
high-precision mapping technique, discussed
below, usually exceed the absolute accuracy of the
base map of Plate 1 (i.e.. topography, roads.
buildings), and use of Plate 1 through any
enlargement process, including photographic or
photocopy. is inappropriate. If geologic features,
such as faults, are shown on Plate 1 to run through
or near facilities of concern, then we recommend
further, detailed site-specific investigations. The
major exceptions to this recommendation are the
portions of TA-3 where such detailed site-specific
investigations in the drilling part of this project
have already been done. Readers must note that
Plate 1 is not a complete geologic map. Our
objective is mainly to identify faults; as such. the
high-precision mapping focused on widespread
stratigraphic markers that, at the time of their
formation or deposition, approximated planar
surfaces, Consequently, geologic features not
particularly useful for identification of faults have
not been mapped in a systematic fashion to
compietion, To turn Plate 1 into a complete
geologic map would require significant effort
beyond this project.

As part of the Environmental Restoration Program,
the Facility for Information Management Analysis
and Display (FIMAD) was established at the
Laboratory in 1991 to serve as a geographic
information system (GIS) for environmental data.
With the development of an improved digital
elevation model for the Laboratory as part of this
GIS, FIMAD ran a series of quality assurance
checks on established survey monuments, or
benchmarks, around the Laboratory. Large
inaccuracics were revealed. and in 1992 anew Lab-
wide control network of “good” survey monuments
was cstablished, Benchmarks of this control
network of monuments in the vicinity of TA-5S
form the framework for locating our surveyed
points in absolute three-dimensional space.

Instrument setups are done by triangulation on
benchmarks, which enables location of the
Geodimeter Total Station in coordinates of the State













Ca0, N2,0, K.0, P,0,), ten trace elements (V, Cr.
Ni, Zn.Rb, Sr.Y, Zr, Nb, Ba), and LOL Appendix
- Bisatabulation of all geochemical data, including
" analytical uncertainties for each analyte, generated
for this study. Concentrations for the clements v,
* Cr. and Ni in the Bandelier Tuff are at or below
detection limits for the XRF method, und are not
tabulated. in the Appendix. Appendix B also
contains maps that show field sample Jocations,
Geochemical samples from the borcholes are
" related to specific hole by sample number (see also
Figure 3) and depth.

VA GEOLOGY
A. Stratigraphy

Temporal and lithologic relations for formalized
stratigraphic units of the Jermez Mountains region
arc discussed by Bailey et al. (1969) and Gardner
et al. (1986), and these units form the broad
stratigraphic framework for the area. The

stratigraphy exposed in the study area includes,
from oldest to youngest: the Otowi Member of
the Bandelier Tuff; the Cerro Toledo Rhyolite; the
- Tshirege Member of the Bandelier Tuff; mesa-top
alluvial dcposns. mesa~-top soilsy fluvial terraces
and associated gravels; colluvium on slopes. and
canyon. walls: and reccent alluvium in canyon
bottoms, The most widespread unit in the study
area is the Tshirege Member of the Bandelier Tuff,
which forms the mesas in the northwestern part of
Los Alamos National Laboratory. Because the
main objective of our project is to identify faults
and gain understanding of the structural geology
of the study area, we cmphmn?cd mapping units
with lateral continuity that were originally
deposited as. gently dipping lavers with nearly
- planar contacts. Thus, becausc of their lack of
Jateral continuity in the study arcq, and, for some
units their erosional or nonplanar basal. contacts,
we did not systemxtically map the alluvial,
colluvial, soil, terrace, Cerro Toledo Rhyolite, and
Otowi Member deposits. However., patches of

alluvial sands and gravels commonly overlie the-

. Tshirege. Member on mesa tops. Locally, thesc
mesa-top alluvial deposits are capped with fairly

well-developed, orange, clay-rich soils, In a few
localitics where we thought it may provide
additional faulting constraints, we did map the tuff-
alluvium contact, and these data are shown on Plate
1. .In Twomile and Los Alamos ¢anyons we also
nots flights of Quaternary terraces, overlain with
coarse, subrounded alluvial gravels. Additionally,
at the eastern margin of the study area, the Cerro
Toledo Rhyolite and Otowi Member of the
Bandelier Tuff are well exposed bencath the
Tshirege Member in Los Alamos Canyon but were
not mapped. If, however, the high-precision
mapping begun in this project were to be extended
farther east for purposes of fault identification. the
Otowi and Cerro Toledo horizons would probably
be worth mapping.

Most of the units and stratigraphic markers (Figure
4) we have mapped are cooling unit contacts or
individual pyroclastic surges within the Tshirege
Member of the Bandelier Tuff. The Tshirege
Member was erupted at 1.22 Ma (Izett and
Obradovich, 1994) from the Valles caldera (Figure
1). to the west of Los Alamos, as a series of hot
pyroclastic flows. Although the pyroclastic flows
were erupted in fairly rapid succession, sufficient
time passed between major eruptive pulses so that
packages of the resultant ignimbrite deposits cooled
as discrete units, Additionally, the volume of the
Tshirege Member tuffs in the study area was
sufficient to flood and completely bury a rugged,
preexisting topography (Broxton and Reneau,
1996). Consequently, the higher cooling unit
contacts and pyroclastic surges were essentially
planar and nearly horizontal on deposition,

Below we briefly describe salient field
characteristics of the features we have mapped,

1. Tshirege Member of the Bandelier Tuff

The stratigraphy for the Tshirege Member of the
Bandelier Tuff that we employ is based on Broxton
and Reneau (1995). Building on the carlier work
of Vaniman and Wohletz (1990) around TA-55,
Broxton and Reneau (1995) developed a
stratigraphy of cooling units within the Tshirege




















































































































































Appendix A-1: Surveyed Points (cont.)

Mapped Contact  Nonthing Easting

T-A
T-A
TeA
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A.
T-A
T-A
T-A
TA
T-A
T-A
T-A
TA
TeA
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
TA
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A

1774085.52

1774086.79
[774088.56
1774090,45
1774092.27
177409324
1774093.59
1774093.88
1774092.67
1774094.56
1774096.34
1774099.05
1774101.54
1774103.59
1774105.98
1774107.56
1774108.04
1774109.16
1773891.66
1773888.66
1773885.87
1773883.76
i773877.63
1773874.51
1773872.45
1773871.70
1773870.13
1773867.36
1773650.05
1773864.69
1773862.93
1773861.07
1773859.25
1773857.23
1773856.68
1773455.33
1773854.52
1773850.92
1773848,57
1773847.07
1773843.19
1773842.02
1773841.2¢
177383743
1773836,08
1773835.26
1773833.67
1773831.56

1773830.32

1773829.85
1773828.15
1773826.13

1622767.78
1622763.91
1622760.22
1622756.99
1622754.36
1622754.02
1622753.59
1622753.12
1622751.09
1622747.18
162274351
1622739.53
1622732.75
162272890
162271391
1622720.83
1622720.13

1622717.65
162313924
1623143.57
1623148.16

1623153,94.

1623163.18
1623167.02
1623170,17
1623174,14
1623177.63
1623180.22
1624291.21

1623183,30 -

1623186.65
1623188.97.
162319225
1623194.57
1623195.76
1623196.14
1623198.99
1623202.36
1623206.33
1623208.84
1623214.42
1623216.16
1623221.48
1623223.97
1623226.71
1623227.58
1623229.57
1623232.30

1623234.16-

1623235.16
1623237.25
1623239.64

Elevation
7306.00
7306.41

7306.77
730691

7307.11

7308.54
7308.51

7308.29
7305.40
7305,04
7305,07
7305.31

7305.27
7304,75
730422
7303.73
7303.28
730296
731924
731928
731911

7319.23
7319.48
7319.55
7319.45
731927
731927

T7319.63

7314.25
7319.72
7319.60
7315.68
7317.08
731677

7316.59
7314.45
7315.74
7314,23
731231

7309.84
7310.21

7309.74
731714
7316.05
7315.39
731423
7313.30
731243
7312.45
7313.69
7312.01

7311.03

Mnnmﬂ&nmmﬂmhm.

T A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
T-A
TeA
T-A
T-A
T-A
T-A
T-A
T-A
TA
T-A
T-A
T-A
T-A
T-A
T-A

1773913.67
1773912.77
1773912.30
177391177
177391134
1773911.66
1773911.52
1773911.29
177391233
1773910.45
1773909.30
1773907.56
1773905.52
1773903.70
1773900.44
1773899.53
1773720.75
177371532
1773707.72
1773701.73
1773696.76
1773691.08
1773685,92
1773673.05
1773665.80
1773666.14
1773658.61
177365621
1773655.24
1773650.06
1773646.86
1773634.29
177362694
1773621.26
177361247
1773604.43
1773608.04
1774120.86
177412297
1774137.61
1774138,74
1774140,34
1774157.52
1774159.33
177416088
1774162.97
1774190.62
1774194.15
1774196.19
1774197.64
17741
1774201,86

PIYTH

1623104,73
1623106.07
162310672
162310830
1623108.50
1623108.63
1623108.95
1623110.08
1623113.89
162311684
1623118.62
162312144
1623124.84
1623128,01
1623133.91
1623135.31
1623302.75
1623302.00
1623301.23
1623300.40
1623298.54
1623296,74
1623294.82
162328894
1623285.20
1623284.09
1623278.25
162327707
1623275.84
1623273.04
1623271.12
1623267.96
1623263.56
1623259.31
1623253.18
1623248,64
1623243.22
1622693.68
1622689.29
1622659.33
1622657.02
1622655.70
1622639.73
1622636.09
1622633.04
1622629.86
1622560.85
1622548.21
1622542.55
1622538.68
1622534.74
1622531.46

ol v.| »
731333
731356
731652
731510
7315.52
7316:30
T31TiH4
7319.17
7321.65
7322.18
7322.50
7322,43
7322.86
7322.87
7322.95
7322.74
7318.86
7318.95
7320.12
7320.68
7320,80
7320.36
7320.72
7322.29
7322.73
7321.68
7322,00
732191
7321.23
7321.34
73"!‘? "4
7323.85
7325.24
7326.36
7322.70
7329.79
732245
7300.39
7301.51
300,53
7301.51
7307.24
7311.91
7314.21
731797
7320.24
731898
7320,12
7320.54
73184.73
7319.12
7319.29




Mapped Coniagt
. T. A .
T-A
T-A
T-A
TA
T-A
T-A
T-A
T-A
T-A
T-A
T-A

COTA
T-A.
TA
T-A.
T-A
T-A
TA
TA
T-A
T-A
T-A
T-A

T-A
T-A -
T-A.
T-A
T-A
TA
TA
TA
TA
T-A
CT-A
CTeA
T-A -
TA
TA. -
TA
T-A
T-A
T-A
T-A
T-A
TA -
TA"
T-A
T-A
T-A.
T-A

1773823.25
1773805.49
1773803,24
1773801.66
1773800.90
1773799.83
177379697
1773795.53
177379348
1773791.18
177378803
1773785.60
1773782.29
1773776.80
177377165
177376748
1773763.19
1773759.09
1774224,27
1774225.83
1774228.38
1774229,58
1774229.52
1774231.13
1774232.8
1774233.87
1774234,60
1774236.10
1774237.44
177423839
1774239.47
177424049
1774242.18
1774242.58
1774243.67
1774245.50
1774247.56
1774248.86
177424900
1774250,74
1774252.55
1774253.92
1774255,09
1774256.81
1774258,43
1774259.80
1774263.44
1774264.78
1774267.62
1774268.43
1774269.36
1774270,23

Appendix A-1: Surveyed Points (cont.)

1623242.31

1623266.24
1623269.13
1623270.14
1623272.23
1623273.79
1623276.25
162327831

1623282.92
1623286.73
162329042
1623292.74
1623295.79
1623300,40
1623303.98
1623307.64
162331142
1623313.34
1622467.63
1622463,45
1622460.85
1622456.32
162245209
1622447.08
1622442.41

1622439.95
1622436.82
1622431.74
1622428.12
1622426.12
1622422.58
1622419,10
1622413.79
162241228
1622408.70
1622403.54
1622397.35-
1622393.74
1622392.28
1622387.50
162238214
1622377.51

162237413
1622368.85
1622363.75
1622359.92
1622350.36
1622345.08
162233672
1622334.23
1622331.74
1622328.82

731008
731112
731214
7311.94
7314.18
7315.07
7316,32
7316.55
7316.71
7317.22
731687
7316.48
7316.68
731541
7316,08
731621
731664
7316.85
7316.06
7316,03
7317.39
7318.18
7313.36
7314,19
731595
7315.78
731834
7318.21
7318.60
731934
7318.50
7318.29
7318.17
731710
7317.01
731717
T31744
7317.18
731547
731593
7316.59
731724
731599
7317.60
731710
7317.80
1775
7316.88
7316.24
7315.56
731608
731543

61

oA 1774203.36
T-A 1774206.53
T-A 1774207.83
TeA 177421018
T-A 177421217
T-A 177421245
T-A 177421324
T-A 1774214.56
T-A 1774214.13
T-A 1774213.39
TeA 1774216.20
T-A 1774217.59
T-A 1774219.60
T-A 1774222.04
T-A 177422349
T-A 177429437
T-A 1774294.71
ToA 177429832
TA 1774296.18
T-A 1774296.79
T-A 177429740
T-A 177429842
T-A 1774299,58
T-A 177430073
TA 177430173
T-A 1774302.94
TA 1774304.16
T-A 1774305.82
T-A 1774306.59
T-A 1774307.39
T-A 1774308.09
T-A 1774309.16
T-A 1774309.97
T-A 1774310.80
T-A 177431175
TA 1774312.83
TA 1774313.63
T-A 177431422
T-A 1774315.14
T-A 1774316,89
T-A 1774318.09
T-A 177431917
T-A 177432071
T-A 1774322.10
T-A 1774323.54
T-A 177432519
T-A 177432699
T-A 1774328.67
T-A 1774330.12
TeA 1774333.02
T-A 177433528
T-A 177433732

1622526,74
1622521.73
1622517.53
162251273
1622509,15
1622504.93
1622500.66
1622496.89
1622498.24
1622500.29
1622491.55
1622487.05
1622481,73
1622474.85
1622470.27
1622257.25
1622256.31
1622354.18
1622251.53
162224982
1622247,82
162224477
1622240.86
1622237.57
1622234.89
1622231.02
1622227.55
1622222.08
1622219.86
1622217.58
1622215.34
162221212
1622209.67
1622207.43
162220455
162220150
1622198,30
1622196.63
162215443
1622188.85
162218518
1622181.98
1622177.38
1622173.01
1622169.03
162216381
1622158.33
162215299
162214848
1622139.96
1622133.16
1622127.26

Elgvation
7319,13
7319.33
7318.51

7418.31

7315.88
7317.30
7317.14
731427
731462
731701

7317.95
7318.26
7318.92
7320.14
732018
7316.27
731479
7315.2%
7315.22
731495

7314.56
7314,17
7313.85
7314.05

731443
731442
731467
7314.06
731414
73452
7314.97
7315.03

7315.1}

731493

731448
731491

7314.67
7314.67
7315.18
7315.16
731444
7314.61

731477
7314.88
7315.08
731461

7314.39
7314.21

7314.07
7314.12
7313.73
7313.35
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Sample
Unit
Notthing
Easling
Elevation
SIO;wt %
$i0; err
TiO Wt %
TiO; orr
Mzoi wl%
NJOJ &
Fe0,Twt%
Feo;0,T et
MAO wt %
MnO err
MgO wi %
MgO e
CaOm %
CaO err
Na 0wt %
Na;0 et
K:0w1 %
K0 orr
POswi %
POs e
LOI %
Total Majors
Zn ppm
Zn et

Rb ppm
Rb err

$r ppm
Srerm

Y ppm
Yo

Zr ppm

Zr ot

tb ppm
Hb err

Ba ppm
Ba err
Tolal Trace wi %
Tolal wi %
Total + L0

Appendix B (cont.)

SHB-SCC-4/74.0 SHB-SCC-4/75.5 SHB-SCC-CR?.{ S5HB-SCC-4/78.5 SHB-SCC-4'31.5 SHB-SCC-S/74.7

s 4 4. 3T
1773296.73 1773296.73 1773296.73 1773296.73
1617515.47 1617515.47 1617515.47 1617515.47

7367.90 7366.40 7364.50 7363.40
74.27 74.27 75.27 75.67
0.81 0.81 0.8 0.82
0.25 0.25 0.214 0.18
0.01 0.01% 0.01 0.01
13.36 13.37 12.99 12.51
0.2% 0.21 0.21 0.21
2.20 2.35 2.06 190
0.05 0.05 0.05 0.05
0.07 0.07 0.07 0.07
0.01 0.01 0.01 0.01
0.19 0.22 0.15 0.4
0.10 0.10 0.10 0.10
0.63 0.56 0.50 0.50
0.14 0.11 0.11 0.11
4.34 4.17 4.44 4.28
0.10 0.10 0.10 0.10
4.65 4.54 4.68 4.44
0.05 0.06 0.05 0.06
0.04 0.04 0.03 0.02
0.01 0.0% 0.01 0.01
0.28 0.62 0.15 0.12
100.01 99.84 100.38 99.71
78.83 80.56 85.59 70.61
10.01 9.94 9.72 10.40
86.814 98.51 91.12 80.10
6.75 6.57 5.18 6.83
73.11 63.03 48.38 49.83
4.3% 4.52 4.89 4.83
32.20 36.23 28.54 28.55
7.44 7.56 7.31 7.33
338.40 343.65 322.66 291.25
14.99 15.09 4.7 14.15
3717 45.45 51.32 35.06
6.88 8.99 9.00 8.83
282.06 329.52 244.24 215.69
48.16 47.47 48.73 49.28
0.12 0.12 0.11 0.10
100.13 99.96 100.49 99.80
100.4% 100.58 100.64 99.92

3
1773296.73
1617515.47
7360.40
77.486
"0.83
0.14
0.01
12.32
0.21
1.65
0.05
0.08
0.04
-0.11

0.41
0.11
4.35
0.10
4.59
0.06
0.01
0.01
0.13

101.06

60.74
10.92
06.07
6.56
34.88
5.28
39.56
7.57
254.48
13.63
49.52
8.94
173.00
50.05
0.09
101.15
101.28

4
1773433.34
1617634.30
7361.00
75.09
0.81
0.21
0.01
12.86
0.2%
1.4
0.05
0.06
0.01
0.12
0.10

- 0.50
0.1
4.31
0.10
4.66
0.06
0.03
0.01
0.16
99.79
62.89
10.80
93.12
5.13
43.65
5.02
25.00
9.64
341.40
15.03
44.96
8.93
248.98
48.17
0.1
99.89
100.05

SHB-SCC-575.2
4

1773433.34
1617634.30
7360.50
74.48
0.81
0.22

n.01 -

12.99
0.21
1.96
0.05
0.07
0.01
0.14
0.10
0.52
0.11%
4.48
0.10
4.66
0.06
0.04
0.01
0.12

99.54

62.75

10.80

93.98
5.12

58.61
4.61

21.7%
7.20

332.22

14.86

34.23
8.80

:305.94

47.30
o.11

99.65

99.77




Appendix B (cont.)

Samgple SHB-SCC-5/758  SHB-SCC-5/76.5 SHB-SCC-5/78.2
Unit 4 37 3
Northing 1773433.34  1773433.34 1773433.3¢
Easting 1617694.30 1617634.30 1617634.30
Elevation 7359.90 7359.20 7357.50
S0 w1 % '74.63 75.21 77.88
Si0 err 0.81 0.81 0.83
Ti0; w1 % 0.22 0.19 0.12
Ti0; ery 0.01 0.01 0.01
A0 wt % 12.85 12.79 11.81
ALOs en 0.21 a2 0.21
Fe,O,Twi% 2.10 2.10 1.48
Fe.O,T err 0.05 0.05 0.05
MAO wt % 0.07 0.07 6.05
MAO err 0.01 0.01 0.01
M3O0 wi % 0.15 0.19 -0.14
MO st . 0.10 0.10" ‘
CaOwt % v 0.53 0.59 0.37
CaOerr 0.11 0.11 0.11
Na Owt % 4.40 4.28 4.16

= Na.Oer 0.10 0.10 0.10 |

3 KO wl % 463 4.34 4.33 A
K0 eiv 0.06 0.06 0.06 .
P:Osut% 0.04 0.03 0.0% "
PO, eir 0.01 0.0% 0.01 i
LOI % 0.14 0.27 0.10 ;
Total Majers 99.62 99.78 100.22
Zn ppm 72.69 75.72 44.22 i
Znen 10.29 10.14 11.86 H
Rb ppm 94.88 82.99 91.53 i
Rben 6.61 5.39 5.15 ¥
St ppm 55.65 55.83 35.58 i
Srem 4.69 4.88 5.24 !
Y ppm 37.59 27.96 27.38 H
Yen 7.54 7.31% 7.24 I
Zr ppm 337.99 269.04 214.69
Zren 14.95 13.87 11.69 |
Nb ppm 11.0% 44.36 44.38 !
Nb e 8.92 8.95 8.82
Ba ppm 243.73 306.92 158,82
Baer 48.50 47.48 50.03
Total Trace wi % 0.1% 0.11 0.08
Total wt % $9.73 99.89 100,29 .
Totat + LOJ 99.87 100.16 100.39 H TR I MW & EN DL TN N HE #f
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