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STUDY PLAN FOR CHARACTERIZATION OF VOLCANIC FEATURES
B. M. Crowe

Los Alamos National Laboratory

ABSTRACT

Study Plan 8.3.1.8.5.1, Characterization of Volcanic Features, describes the
purpose and objectives, the technical ratiocnale, the constraints, and the
approach and methods of studies required to characterize volcanic features for
the Yucca Mountain Project. The study is divided into five activities: wvol-
canism drill holes, geochrcnology studies, field geologic studies, geochemistry
of eruptive sequences, and evolution of basaltic volcanic fields.

The volcanism drill hole activity involves exploratory drilling of aerocmagnetic
anomalies that may represent either buried volcanic centers or intrusive rocks.
The geochronology activity will document the chronology of eruptive activity at
the Pliocene and Quatermary volcanic centers of the Yucca Mountain region; a
second objective is establishing the chronology of post-Miocene silicic volcanism
in the Yucca Mountain region. The field geologic activity will establish the
field relations and eruptive history of Pliocene and Quaternary volcanic centers
in the Yucca Mountain region and determine the distribution of post-Miocene
silicic volcanism in the southwest Great Basin. Studies of the geochemistry of
eruptive sequences at Pliocene and Quaternary basalt centers will characterizas
the geochemical composition of basaltic volcanic units and model geochemically
the processes of derivation and evolution of tha basalt magma that formed: the
Quaternary centers. A second cbjective of this activity will be to identify the
source of bagalt ash expcsed in trenches adjacent to Yucca Mountain. The final
activity, evolutionary patterna of basaltic volcanic fields, will examine pat-
terms of wvariation in time, space, eruptive volume, effusiocn rate, and geo-
chemical caomposition of continental basaltic fields. This information will pro-
vide a perspectivae for determining if patterns in the develcpmental history of
volcanic fields can provide insight into the predicted patterns of future vol-
canic activity in the Yucca Mountain region.

The information cbtained from this study will be used primarily to assess the
risk of future volcanism with respect to storage of high-level radicactive waste
at Yucca Mountain.. The strategy for applying this information is presented in
Study Plan 8.3.1.8.1.1, Probability of Magmatic Disruption of the Repository, and
Study Plan 8.3.1.8.1.2, Physical Processes of Magmatism and Effects on Potential
Repository.
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1.0 PURPOSE AND OBJECTIVES OF STUDY
Objectives

The Yucca Mountain Project (YMP) ie conducting volcanism studies to
evaluate the possible recurrence of volcanic-activity during the post-
closure period of a potential repository located at Yucca Mountain. The
objective of Study £.3.1.8.5.1, Characterization of Volcanic Features,
is to provide the required field, geochronology, &nd geochemistry data
needed to decipher the history of Cenozoic volcanic activity in the

_ Yucca Mountain area. This information will be used to attempt to pre-

dict future volcanic activity and will be supplied to Studies
§.3.1.8.1.1, Probability of Magmatic Disruption of the Repository, and
8.3.1.8.1.2, Effects of Magmatic Disruption of the Repository. The pur-
poses of these two studies are, respectively, to evaluate the proba-
bility of disruption of a repository by future magmatic activity and to
develop descriptions of likely future volcanic scenarios for consequence
analysis and performance assessment.

There are two aspects to investigations of the possible recurrence of
future volcanism: (1) the potential for future silicic volcanism and
{(2) the potential for future basaltic volcanism. The potential for

" future silicic volcanism, based on current data from site characteri-

zation studies of the Yucca Mountain region, is considered to be negli-
gible for the postclosure period of a repository (DOE, 1988; Crowe
et al., 1983a). Final resolution of an evaluation of the future poten-
tial of eilicic volcanism is dependent, however, on the results of
drilling of planned volcanism exploration holes and on the evaluation
of the regional extent of young (2.9 million years old) silicic
volcanism located 100 km northwest of Yucca Mountain (Figure 1). The
potential for future basaltic volcaniesm is more difficult to define.
The Yucca Mountain site is located in a diffuse zone of basaltic
activity named the Death Valley/Pancake Range volcanic zone (Figure 1;
DOE, 1988; Crowe et al., 1986).  This .zone has been active
intermittently since about 6.5 millién years ago (Ma), and volcanic
activity in the zone may possibly have extended into the Holocene. Four
Quaternary volcanic centers (approximately 1.2 million years old) are
located in Crater Flat, directly west and southwest of the exploration
block of Yucca Mountain (Figure 2). Two Quatermary basaltic volcanic

' centers are located southwest of the Black Moum:ain caldera, about 45
‘km northwest of Yucca Mountain. The youngest known volcanic center in

the region, the lathrop Wells volcanic center, is located at the south

~ end of Yucca Mountain, 20 km from the exploration block (Figure 2).

" A two-phased approach will be used in evaluating the hazards of future

basaltic volcanism for the Yucca Mountain site (Crowe, Vaniman, and
Carr, 1983a; Crowe, 1986), with the second approach developed from the
data foundation of the first. First, standard geologic studies com-

E bining field mapping, geochronology, palecmagnetic determinations, geo-
. chemistry, and geophysical data will provide comprehensive information

to decipher the history of basaltic volcanism in the Yucca Mountain
region. Second, data from these studies will be ‘used to assess vol-
canic risk, where risk is a combined evaluation of the probability and
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Distribution of post-Miocene silicic (stippled) and basaltic (black)
volcanic rocks of the southern Great Basin. Basaltic rocks are
inferred to be part of the Death Valley/Pancake Range volcanic zone
(Crowe, Vaniman, and Carr, 1983a; Crowes, 1986). An alternative
interpretation is that the zone may consist of three unrelated,
complex volcanic £fields: (1) the Lunar Crater-Reveille -range
volcanic fields, (2) basaltic and silicic volcanic rocks of. the
Timber - Mountain-Oasis Valley/Black Mountain-Stonewall Mountain
volcanic fields, and (3) basaltic and silicic volcanic rocks of
southern Death Valley. TM-OV: Timber Mountain-Oasis Valley caldera
complex; BM: Black Mountain caldera; SWM: Stonewall Mountain
caldera; MJ: Mount Jackscn dome field; LV: Llong Valley caldera
ccmplex; CR: volcanic rocks of the Coso volcanic field; DV: Death
Valley; ¥YM: Yucca Mountain.
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Fié‘ure 2 Pbst-&ldera Basalt of the Yucca Mountain region. Shaded areas are

the Older Post-Caldera Basalt (OPB) including: RW: basalt of Rocket

. Wash; PM: basalt of Pahute Mesa; SC: basalt of Scarp Canyonj NC:

basalt of Nye Canyon. Stippled areas are the Younger Post-Caldera
Basalt (YPB) including: TM: basalt of Thirsty Mesa; AV: basalt of

. Amargosa Valley; PCF: Pliocene basalt of southeast Crater Flat; BB:

basalt of Buckboard Mesa; QCF: Quaternary basalt of Crater Flat; SB:

. . basalt of Sleeping Butte; LW: basalt of Lathrop Wells. Astericks
- mark aercmagnetic ancmalies identified as potential buried basalt

centers or intrusicns (Kane and Bracken, 1983; Crowe et al., 1986).
pashed line encloses the area of the Crater Flat Volcanic Zone
{CFVZ) .. Numbers associated with-the ‘symbols for the volcanic units
of the OFB and YPB are the age of the vclcanic centers in million
years. Modified from Crowe and Perry (1989).
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consequences of future basaltic volcanism affecting the Yucca Mountain
site. The results of past volcanic hazard assessment using these two
approaches are described in the Site Characterization Plan (SCP),
Chapter 1, Sections 1.3.2.1.2 and 1.5.1 (DCE, 1988), and in separate
publications (Crowe and Carr, 1980; Vaniman and Crowe, 1981; Crowe
et al., 1983a and 1983b; Crowe, 1986; Crowe et al., 1986; Crowe et al.,
1989; Crowe and Perry, 1990). All work for this study plan is Quality
Assurance (QA) lLevel I unless otherwise noted. Existing data will be
qualified as-QA Level I on a case-by-case basis if it is judged to be
needed in support of a licensing application for the Yucca Mountain
Bite.

This study plan is subdivided into five activities, as follows:

- Investigations, using exploratory drilling, of aercmagnetic anocmalies
that may indicate the presence of buried basaltic volcanic centers
or shallow intrusive rocks of basaltic or silicic composition
(Activity 8.3.1.8.5.1.1, Volcanism Drill Holes).

- Refinements of the geochronology of volcanic events in the Yucca
Mountain region with an emphasis on basaltic volcanic rocks of
Quaternary age. Multiple age measurements using a variety of iso-
topic and radiometric methods, with cross-checking of results by
correlated-age methods, are needed to evaluate and document the
detailed geochronology of Quaternary volcanic events (Activity
8.3.1.8.5.1.2, Geochronology Studies). :

- Refinements of the field relations and eruptive history of Quaternary
basaltic +volcanic centers in the Yucca Mountain 1region
(8.3.1.8.5.1.3, Field Geologic Studies). Work in progress suggests
that individual centers may have formed through multiple eruptive
events separated by significant time intervals (polycyclic volcanism)
(Crowe et al., 1989). The studies for this activity will (1) pro-
vide 'samples for Activities 8.3.1.8.5.1.2, 8.3.1.8.5.1.4, and
8.3.1.8.5.1.5; (2) attempt to establish the field relaticns and erup-
tive history of Plioccene and Quaternary basalt centers of the Yucca
Mountain zegion; and (3) examine the distribution of post-Miocene
gilicic wvolcanism in the southwest Great Basin. The basis for
resolution of silicic volcanism is the absence of Pliocene and
Quaternary silicic centers in the regicn, the regicnal decrease and
cessation of silicic volcanism, and the restriction of sites of
Quaternary silicic volcanism to the margins of the Great Basin (Crowe
et al., 1983a).

. EBvaluations of the geochemistry of eruptive sequences at Quaternmary
basalt centers in the Yucca Mountain region (Activity 8.3.1.8.5.1.4,
Geochemistry of Bruptive Sequences). These depesits need to be
studied to characterize geochemically the volcanic units identified
from field geologic studies, to define the range of geochemical
variations in volcanic units at polycyclic volcanic centers, and to
model geochemically the processes of derivation and evolution of
basaltic magma. Data from these studies will be used to evaluate the
origin and geochemical evolution of basaltic volcanic centers, to
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constrain the composition of potential future eruptions, &and to
attempt to identify possible sources of volcanic ash that is inter-
bedded with alluvium in the Yucca Mountain area. This identification
will provide &age control for ash deposits exposed in trenches cut
across faults. : :

- Assesement of the evolutionary patterns of .-basaltic volcanic fields
of the southwest United States (Activity 8.3.1.8.5.1.5, Evolutionary
Patterns of Basaltic Volcanic Fields). This activity will examine
spatial, eruptive volume, effusion rate, and geochemical patterns of
volcanic fields. These data will be used to evaluate whether there
are systematic patterns that could indicate the evolutionary stage
of volcanic fields of the Bagin and Range province. If these pat-

. tems exist, they will be compared to the patterns of volcanic
activity in the Crater Flat volcanic field to attempt to assess the
stage of development of that field. Such an evaluation, if suc-
ceseful, could provide a more accurate basis for forecasting the
composition and volume of future volcanic activity in the Yucca
Mountain area. If unsuccessful, forecasts of future volcanic
activity will be based on projections of past volcanic activity.

Rational i

An important element in assessing the suitability or lack of suitability
of the Yucca Mountain site is an assessment of the potential for future
volcanic activity. A potentially adverse condition with respect to vol-
caniem was judged to be of concern at the Yucca Mountain site (DOE,
1986b) because of the presence of multiple basalt centers of Quatexnary

. age... Volcanism has been identified as a potentially adverse condition
"at the site based on the regulatory guidance in 10 CFR €0.111 (NRC,
"1986). The performance and design issueg calling for data from this

study are Issue 1.1, Total System Performance; Issue 1.8, RRC Siting
Criteria; Issue 1.9, Higher level Findings for the Postclosure; and
Issue 1.11, Configuration of Underground Facilities for the Postclosure.
The information from this study provides data for other studies that

- respond  directly to the regulatory requirements (8.3.1.8.1.1, Proba-

bility of Magmatic Disruption of the Repository, and §.3.1.8.1.2,
Physical Processes of Magmatism and Effects on Potential Repository).
The performance and characterization parameters for direct releases
resulting from magmatic disruption of a repository and the key studies
or activities providing data for these parameters are listed in Table 1.
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( TABLE 1

ACTIVITIES PROVIDING INFORMATION ON DIRECT RELEASES RESULTING FROM
MAGMATIC DISRUPTION OF A REPOSITORY

Performance Characterizaticn
Parameter Parametey Key Activities
Annual probability = Location and timing 8.3.1.8.5.1.1, Volcanism Drill
of magmatic dis- of volcanic events . Holes
ruption
8.3.1.8.5.1.2, Geochronology
Studies
8.3.1.8.5.1.3, Field Geologic
Studies
8.3.1.8.5.1.4, Geochemistry of
Bruptive Sequences
8.3.1.8.5.1.5, Evolutionary
Patterns of Volcanic Fields
Evaluation of struc- 8.3.1.8.5.1.3, Field Geologic
tural controls o £ Studies ’
i volcanic activity
' 8.3.1.8.5.1.5, Evolutionary
Patterns of Volcanic Fields
Effects of magmat- Strambolian exrup- 8.3.1.8.5.1.3, Field Geologic
ic disruption of a tions Studies
repository
Rydrovolcanic erup- 8.3.1.8.5.1.3, Field Geologic

tions Studies
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2.0 RATIONALE

The following sections of this study plan describe the rationale and constraints
for selected activities. For continuity, the discussions of these topics are
addressed by indxvidual act:.vicy.

2.1 vity 8.3.1, 1, Volcaniem Prill Hol.
2.1.1 cal Rationale and i i

Studies for evaluating the potential of future volcanic activity in the

Yucca Mountain region are dependent on the provision of a detailed char-
‘acterization of the past record of volcanism. One concern with pro-
viding the appropriate information for this characterization is the pos-
" gibility of missing data because of burial of volcanic centers in allu-
‘vial bagins. The volcanism drill holes activity will evaluate the pres-
ence or absence of volcanic or intrusive rocks that may be concealed be-
neath sediments of the alluvial valleys. . The rationale for obtaining
this information is to ensure that volcanic risk assessment is based on
‘an adequate characterization of the volcanic record of the Yucca Moun-
tain region. Information from this work will be used to evaluate the
potential for future silicic volcanic activity and in Study 8.3.1.8.1.1,
_Probability cf uagmatic Disruption of the Reposxtory.

B_igh-quality aeromagnetic data have been obtained forA the Yucca Mountain
region (Kane and Bracken, 1983), showing & correlation between sites of
highly magnetic surface basaltic volcanic rocke and aeromagnetic anoma-
lies. These data also reveal the presence of aercmagnetic anomalies
that may be produced by intrusive rocks or buried remnants of volcanic
~deposits formerly exposed at the surface. The anomalies include a
"lobate, positively magnetized, seromagnetic anomaly located in the
central part of Crater Flat between and west of the Black Cone and Red
Cone basalt centers; a large, dome-shaped, negatively polarized, aero-
magnetic ancmaly located along.the .west-central edge of Crater Flat; a
positively polarized, aercmagnetic anomaly located immediately south of
‘Little Cones; a negatively magnetized aeromagnetic anomaly with a peri-
phera.l magnetic high located gouth of the town of Amargosa Valley; and
two, possibly three, aercmagnetic ancmalies in the central part of the
Amargosa Valley (Kane and Bracken, 1983; USGS, 1978).

- Investigation of the origin of the aeromagnetic anomalies is possible
using geophysical techniques or exploratory drilling. Exploratory
drilling with recovery of core from penetrated rock intervals of sig-
nificance provides the only direct means of identifying with a high
degree of certainty the origin o©of the magnetic anomaly. Morebver,
recovery of core permits samples to be obtained so that the rocks can
be dated using isotopic methods and petrologic studies can be conducted.
Geophysical investigations (ground-based gravity and magnetic studies)
will be undertaken with the exploratory drilling. These studies are
judged to be a necessary supplement to, but not a replacement for,
exploratory drilling. The age of the rocks is needed for revised
probability calculations (Activity 8.3.1.8.1.1.4; Section 2.4), and
petrologic studies are needed for correlation with the study of the
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evoluticnary cycles of basaltic volcanic fields (Activity 8.3.1.8.5.1.5;
Section 2.5).

Exploratory drilling of the aercmagnetic ancmaly sites, with recovery
of core samples of volcanic rocks encountered in the drill holes, is
necessary to constrain the origin of the ancmalies. The stratigraphy
of the drill hole will be established from study of the drill core and
correlated to drill hole depths. The magnetic polarity of the ancmalies
will be established by measurement of core using a flux-gate magne-
tometer. Age determinations of recovered core will be obtained using
the potassium-argon (K-Ar) method if the ages of the drill core samples
are in a range suitable for application of this isotopic system. 1If the
drill core samples are suspected or shown to be less than 100,000 years
old, consideration will be given to applying cne or several of the
developmental geochronology techniques that are summarized under Activi-
ty 8.3.1.8.5.1.2 of this study plan (Section 2.2). Petrographic analy-
sis will be conducted on the drill core, noting phenocryst and ground-
mass mineral assemblages, textures, and presence or absence of altera-
tion minerals. After petrographic analysis, the core will be submitted
for major and selected trace element analysis. Isotopic analysis of the
core may be obtained for selected isotopes. The selection of isotopic
systems for analysis will depend on the results of studies from Ac-
tivities 8.3.1.8.5.1.4, Geochemistry of BEruptive Sequences, and
8.3.1.8.5.1.5, Evolutionary Patterns of Volcanic Fields (Sections 2.4
and 2.5). Isotopic analysis of core will be completed if the informa-
tion is judged to be important for assessing the geochemical ewvoluticn
of volcanic centers or volcanic fields of the Yucca Mountain region.

Congtraints

Exploratory drilling will be conducted outside of the exploratory block
and controlled area of Yucca Mountain. No potential impact is antici-
pated on the site from the drilling activity. The anomaly sites are
separate geographically, so that no interferences are expected from
activities at the individual drill hole sites. The drill holes will be
completed sequentially to provide time for preliminary analysis of data
from each hole before proceeding with subsequent holes. Because
drilling tima is short (weeks), the time required for the drilling pro-
gram is not expected to be a significant constraint. If exploratory
drilling proves unsuccessful in establishing the origin of the aero-
magnetic anomalies, analysis of the bore hole and ground-based geo-
physical data will be conducted. This analysis will be used to deter-
mine if a second drill hole is needed or if the aasromagnetic anomaly can
be shown not to be produced by the Pliocene or Quatermary volcanic rocks
in the Yucca Mountain region. .
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v ‘ G h;'onol i
Technical Rationale and Justification

A significant new development in volcanism studies, first recognized in
late 1986, is the poseibility that the scoria cone of the Lathrop Wells
volcanic center is significantly younger than associated lava flows
(Wells et al., 1988). Further studies have shown that at least three
and possibly more of the seven Quaternary volcanic centers in the region
exhibit polycyclic activity (brief periods of eruptive activity sepa-
rated by a few thousand to a few tens of thousands of years of inactiv-
ity (Crowe et al., 1985). What needs to be resolved for the Pliocene
and Quaternary volcanic centers of the Yucca Mountain region is the

"detailed chronology of eruptive evente and the duration of periods of

inactivity. The chronology of volcanic events will be used to establish

V magma effusion rates for calculating the probability of magmat;c dis-
ruption of a repository (Study Plan 8.3.1.8.1. 1)

A focused geochronology effort is needed to obtain these data, involving
application of the conventional K-Ar method, supplemented by develop-
mental work using other radicmetric methods (described below). We are
following a repetitive approach for establishing the age of volcanic
activity through the geochronology studies. That is, the establishment
of a chronologic framework of volcanic events will be based on the

. application of multiple isotopic and radiometric methods with cross-

checking using correlated-age techniques. The chronology ©f volcanic
units will be considered to be established with an acceptable degree of
certainty when convergent results are obtained from the different but
repetitive approaches.

A problem -requiring further evaluatioﬂ. is the :I.hcpnsistent data that

have been obtained from the K-Ar age determinations of lava flows from
the Lathrop Wells center and the two Quaternary basalt centers of Sleep-
ing Butte. The results of current studies show significant variance

- between age determinations, with large analytical uncertainties for

individual measurements. Replicate K-Ar ages of the ‘individual lava
units may exhibit, however, an apparent reproducible age when a variance
weighting data reduction routine is used. The inconsistent results of

K-Ar age determinations may necessitate the use of other sample-proc-

‘ i, essing techniques for K-Ar age determinations (mineral separations ver-

sus whole rock) or the applicaticn of other iaotopic ‘methods (‘OAx/ Ax)
to resolve the age of the lava flows.‘ , _

Two additional problems will be evaluated in the geochronblogy studies.
First, it is extremely important to maximize the accuracy of the 'geo-
chronology measurements because the chronology data are used to calcu-
late magma effusion rates (x-axis error bars) for the prcbability calcu-
lations (Study Plan £.3.1.8.1.1, Probability of Miagmatic Disruption of
the Repository) . This may be achieved through a combination of increas-
ing the mumber of K-Ar determinations (1arger value for n); using com-
plementary isotopic methods such as Sar, which may provide in-
creased analytical precision (La.nphere, 1988) ; or applying alternative

'methods (described below). Second, we have experienced difficulties in
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obtaining consistent results for K-Ar age determinations of identical
samples that have been submitted to separate analytical laboratories
{(Sinncck and Easterling, 1982). We plan to submit sample splits for
K-Ar age determinations to two independent laboratories to investigate
the reproducibility of the results. .

Additional K-Ar ages are needed for all known Pliocene and Quaternary
basalt centers in the Yucca Mountain region to ensure that the chro-
nology of these centers is correctly established. These centers in-
clude, in addition to the Lathrop Wells and Sleeping Butte volcanic
centers, the four 1.2-Ma Quaternary centers of Crater Flat and the
3.7-Ma basalt centers of Crater Flat. The regulations of 10 CFR 60
(NRC, 1986) suggest that studies of the past record of volcanism should
be concentrated on rocks of Quaternary age. That suggestion is general-
ly followed in this study plan. However, the 3.7-Ma basalt centers of
Crater Flat represent the first eruptive products of an inferred cycle
of basaltic activity (Crowe and Perry, 1990). These rocks will be
studied for site characterization activities to ensure that the full
record of volcanic activity is used in probability studies. Multiple
age determinaticns are needed for each of these centers to document the
age of the centers and to provide confidence in the statistical
reproducibility of the ages.

More comprehensive geochronolegy studies are needed to resolve the ques-
tion of whether the Pliocena and Quaternary volcanic centers exhibit
polycyclic eruptive behavior. Resolution of this question will require
assessment of the results of K-Ar and ‘°Ar/39Ar measurements as well as
the application of an additional set of methods (described below). The
exact number of age determinations for each center cannot be specified
now. This will depend on the reproducibility of the individual isotopic
and radiocmetric age determinations, the compariscn of results for dif-
ferent isotcpic and radicmetric methods, and the complexity of the erup-
tive sequence at each volcano. We estimate from the reproducibility of
past age determinaticns and the known complexity of individual centers
that batween 5 and 15 age determinaticns will be needed for each vol-
canic center. Our goal is to obtain a ccherent, geologically defen-
sible set of geochronology measurements for each center.

Additional geochronology studies will be required to establish the ages
of scattered basalt sites in the Yucca Mountain region. These gites
include the basalt dike of Solitario Canycn, scattered basalt inter-
bedded with Tertiary gravel southeast of Yucca Mountain, basalt pene-
trated in existing drill holes in southeast Amargosa Valley, and any
presently unstudied basalt in the region that may be of Pliocene age or
younger. The basalt dike of Solitario Canyon has been ‘dated at ‘about
10 Ma (Crowe, Vaniman, and Carr, 1983a). Ws intend to obtain additional
isotopic-age determinations of the basalt to verify the K-Ar age because
the dike is so close to the proposed Yucca Mountain repository location.

Tha types of additional measurements to be made for the geochronology
studies are divided into numerical-age methods, calibrated-age methods,
and corralated-age methods, following the classification of Coleman,
Pierce, and Birkeland (1987). Numerical-age methods include the
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isotopic 238(.230q disequilibrium and 3l»le/“l-le methods and radiometric
methods such as thermoluminescence (TL). Calibrated-age methods include
progressive landform modification, soil-profile development, &and rock-
varnish development. Correlated-age methods include paleomagnetism,
field geoclogic, and tephrochronology studies. These methods are judged
to be the most likely to constrain successfully the ages of the basaltic
volcanic centers and eruptive events of individual centers in the Yucca
Mountain region. If the methods prove unsuccessful or the results
inconsistent, there are a variety of other isotopic metheds that ma
turn be considered. These include but are not limited to 238p.2 sna
disequilibnum measurements, other cosmogenic isotopic methods ( 6(:1
10ge, 25A1 21 Ne) and ‘c dating of rock varnish.

The 238g.230qy" d:.sequilibrium measurements are feasible using existing
mass spectrometry instrumentation at los Alamos National Laboratory
(LANL). A current limitation of this application is cobtaining mineral
separates from fine-grained basalt samples with different uranium and
thorium ratios to establich an isochron. The techniques for efficient
mineral separation are being developed. The 3He/ He measurements are
feasible using static noble-gas mass spectrometry because of the extreme
sensitivity of this technique. The TL-age method has been successfully
applied to cbtaining ages of archaeologic sites and more recently to
sediments in the age range of from $00 to 100,000 years old. With care-
ful selection of samples (surface-exposed soils buried by scoria, sands
overlain by aa lava flows), the TL-age method appears promising for age
estimates of young volcanic events in the Yucca Mountain region.
Preliminary measurements of the TL age of buried-soil deposits inter-
bedded with scoria-fall deposits at the Lathrop Wells center indicate
the technique is promising for establishing the chronolegy of young
(<50, ooo years old) vclcanic units of thies and other volcanic centers.

The geomorphic parameter and the so:.ls-profile development studies pro-
vide semi-independent tests of the reliability of isotopic dating tech-
niques. (These calibrated-age methods are considered to be gemi-inde-
pendent because they conceivably could be tested against the same
volcanic sites that were used to establish calibrations. - Because of
this interdependency, investigators will be careful to avoid using the
calibrated-age methods in this way.) These studies have been success-
fully applied to basaltic volcanic rocks in the Cima volcanic field of
the Mojave Desert (Dchrenwend, Wells, and Turrin, 1986). These rocks
are similar in age, chemical composition, and geographic and environ-
mental setting to the basaltic volcanic rocks of the Yucca Mountain
region.

Measurement of the directicn and pola.rit:y of rema.nent magnetizatibn of
volcanic units is an accepted technique for establishing the relative
ages of volcanic units at a camplex volcanic center or field (Tanaka et
al., '1986; Kuntz et al., 1986). The gecmagnetic field changes as a
result of secular variations, which occur at a geologically rapid rate
and permit assignment of volcanic units to groups of dissimilar or simi-
lar paleomagnetic field directions. Other relative-age methods include
field mapping and tephrochronology studies (Acti.vity 8.3.1.8.5.1.3,

Field Geologic Studies; Section 2.3). X ]
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An unpublished 14c age of about 19,000 years has been cbtained for
varnish scraped frocm volcanic bombs at the summit of the Lathrop Wells
scoria cone (Dorn, 1987). This age determination is in close agreement
with preliminary considerations of the probable age of the formation of
the scoria cone. However, the origin and maturation history of carbon
in varnish are highly uncertain, and so we regard this single age as
unverified. Additional 1%C dating and analytical evaluation of the
origin and develcopment of carbon in varnish may be undertaken.

(o) ain

All samples for geochronology studies will be obtained from cutside of
the Yucca Mountain site and controlled area (see Activity 8.3.1.8.5.1.3,
Field Geologic Studies, for a description of sampling techniques;
Section 2.3). No potential impacts on the site from this activity have
been identified. The precision and accuracy of isotopic and radiometric
methods will provide two constraints. First, the precisicn and accuracy
of the individual measurement procedures and the half-life of the
respective isotopic systems will limit the application of the specific
measurements. The current approximate estimations of the minimum age
limits for the methods are about 100,000 to 200,000 years for K-Ar ages,
5000 to 10,000 ysars for the 2330-236'1‘11 and 3He/%He methods, and between
500 and 1000 years for TL ages. Second, the accuracy of isotopic and
radicmetric ages will partly define the uncertainties of calculations
of the magma effusion rate for prcbability calculations. These con-
straints are described in Study Plan 8.3.1.8.1.1, Probability of
Magmatic Disruption of the Repository. Some of the isotopic methods are
in a developmental stage, which will result in increased uncertainty in
applying and interpreting the results of the analytical measurements.
To limit this uncertainty, we will attempt to cbtain convergent results
between at least two independent isotopic or radicmetric methods and use
a range of calibrated-age methods to cross-check the results. Current
results from the isotopic, radicmetriec, and calibrated-age methods sug-
gest that the time required for developmental work for these methods
should not have an impact on the schedule of volcanism studies. We
cannot predict now possible timing impacts if we are unable to obtain
convergent results with the isotopic methods. Should this occur, we
would follow the logic presented in Figure 8.3.1.8-2 of the SCP (1988).

The technical rationale for the field geologic studies is threefold.
First, the collection of samples for geochronology studies will be ‘com-
pleted as part of this activity. Second, geologic mapping in associa-
tion with geochronology measurements (Section 2.2) will be used to es-
tablish the geologic relations and eruption history of basaltic centers
of the Yucca Mountain region. Field geologic studias provida informa-
ticn on the ralative ages, the distribution of erupted volcanic materi-
al, and the eruption dynamics of the basaltic volcanic centers. Third,
field studies will be made on a regiocnal scale of the distribution and
field relations of post-Miocene silicic volcanic centers in the Yucca
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nq;zhtain' region. These studies will be part of an assessment of the
potential for future silicic volcanic activity.

" All the Pliocene and Quaternary volcanic centers (except the basalt of

Sleeping Butte and Buckboard Mesa; Figure 2) .were mapped at & scale of
1:12,000 on black-and-white aerial photographs (Vaniman and Crowe,
1981). However, the recognition of the possibility of polycyclic vol-

~ canism and the requirement for more detailed geochronology data make it

important to reexamine the field geologic relations of the Pliocene and
Quaternary volcanic centers. Geologic mapping will be extended from the
volcanic centers out into the adjacent bedrock, where appropriate, to
evaluate structures that may be controlling the location of the basalt
centers. The information from the field geologic studies will be used
(1) to test for consistency of isotopic and radiometric ages; (2) to
provide data for calculation of the magmatic volumes of eruptive
deposits (Study 8.3.1.8.1.1, Probability of Magmatic Disruption of the
Repository); (3) to provide data on structural controls of individual

‘basalt centers for that study, &nd (4) to provide data on basaltic

e'ruption‘ parameters for Study 8£.3.1.8.1.2, Physical Processes of

‘ Magmatism and Effecta on Potential Repository.

Field geologic studies will include geologic mapping of contact rela-
tions of volcanic unite, tephra studies in eoil pits, development of the
eruptive history of individual centers, studies of the occurrence and
distribution of volcanic crystal fragments in rock varnish, studies of
the development of rock varnish on volcanic units, measurement of the
geometry (thickness, extent, width) of volcanic deposits, and an evalu-
ation of the original geometry and distribution of older wvolcanic
deposits that have been partly removed by erosion.

Field geologic studies provide the fundamental tool for obtaining infor-

" " mation about the stratigraphic sequence and distribution of the volcanic

deposits associated with individual volcanic centers or clusters of vol-
canic centers. The contact relations provide information on the rela-.
tive agee of volcanic events and can be used to reconstruct the sequence
of eruptive events. The distribution of volcanic crystal fragments in
rock varnish provides information on the relative age and dynamics of
the youngest volcanic eruptions. Mapping of the development of rock

‘varnish on volcanic units can be used to test the validity of the

relative ages of geologic units established from field geologic mapping.
The gecmetry of volcanic units will be used in Activity 8.3.1.8.1.1.1,
Location and Timing of Volcanic Evente; a reconstruction of the geometry
and distribution of eroded wvolcanic deposits is needed for volume
calculations in that activity. There are no recognized alternatives to
field geologic’ studxes that can be used to obtain the required
information. : S

: gons;raintg

~ Field geologic studies are a non- surfa.ce disturbmg activity. No poten-

tial impacts on the site are expected from the work. The information
collected by this activity must be sufficiently accurate to identify all
major volcanic units (*major* being defined &5 & measure of the volume
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of the volcanic unit), to place these units into a correct relative age
sequence, and to collect samples for geochronology studies that are cor-
related to the volcanic units. The precision of the field studies is
largely governed by the scale of the geologic mapping. The mapping of
Lathrop Wells volcanic center is at a scale of 1:4000. Aerial
photographs for the Sleeping Butte and Quaternary volcanic centers of
Crater Flat will be obtained at a scale of 1:5000 and 1:6000, respec-
tively. The Pliocene volcanic units of southeastern Crater Flat will
be remapped at a scale of 1:6000, using color aerial photography. The
mapping scales ars judged to allow for adequate precision to obtain the
information needed for the field geologic studies. The time require-
ments for geologic mapping are not a significant ccnstraint.

Activity 8.3.1.8.5.1.4, Geochemistry of Eruptive Sequences
Technical Rationale and Justification

The possibility of polycyclic activity at the Lathrop Wells center and
at other Quaternary volcanic centers of the Yucca Mountain region sug-

gests that eruptive events at individual centers may have been produced
by separate batches of basaltic magma (separate batches of magma are
required where the time between eruptions exceeds the cooling time of

small-volume magma pulses in the shallow crust). A standard approach
to studying the geochemistry of basaltic volcanic centers is to sample

and analyze only the lavas of the centers and assume that the chemistry
of thess lavas represents the compositional range of magma associated
with these centers. For polycyclic volcanic centers, this assumption
may not be correct. The eruption of an individual magma batch may
produce only scoria deposits without associated lava flows, and multiple

magma batches may have contributed to the formation of the volcanic
center. For these reasons, characterization of the magma that produced
a polycyclic center requires that all major eruptive units, including
both scoria deposits and lavas, be sampled and analyzed. Basaltic

scoria deposits, because of their high glass content and high porosity,

tend to be easily altered by weathering processes and exposure to.
volcanic gases near vent areas. As a consequence, these deposits are

rarely sampled and analyzed.

Major and selected trace element and isotopic data will be used to
attempt to understand, through geochemical modeling, the processes
leading to the formation and eruption of multiple pulses of magma at
polycyclic centers. An understanding of the formation of polycyclic
centers obtainad from gecchemical data may increase understanding of
geochemical patterns of volcanic activity. This may provide constraints
on predictions of the composition of future volcanic activity and would
be used in. assessments of the probability of future eruptions at these
volcanic centers. 1In addition, geochemical studies of eruptive units
can provide an independent tool for correlating eruptive units at a
volcanic center to unravel the eruptive history of a center.

Basaltic ash occurs as infilling of fractures and in alluvium exposed
in trenches cut across faults around the Yucca Mountain site. The most
likely source of this basaltic ash is one or several Quaternary basalt
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centers in the Yucca Mountain region. Correlation of ash deposits in
the trenches with a volcanic source could provide information on the age
of faulting, where suitable stratigraphic data are present to constrain
age relations (Activity £.3.17.4.6.2, Evaluate Age and Recurrence of
Movement -on Suspected and Known Quaternary Faults). The geochemical
studies of eruptive units at the Quaternary volcanic centers will pro-
vide data on the composition of scoria and ash units from the centers.

Samples of all major eruptive events at Quaternary centers (including
Lathrop Wells, Crater Flat Centers, and Sleeping Butte) in the Yucca
Mountain region will be obtained. Soil pits, constructed around the
flanks of scoria cones &s part of the geochronology studies, will pro-
vide exposure of older tephra units that have been buried by younger

" wvolcanic deposits. These samples will be analyzed for their major and

trace element compositions using x-ray fluorescence (XRF) and instru-
mental neutron activation analysis (INAA) techniques. Thin section
analysis will be done, using transmitted, polarized, and reflected light
for petrographic studies. Electron and proton microprobe analyses will

" be completed for the major and trace element analyses of mineral and

glass constituents. Mass gpectrometry will be used for conventional
isotopic analyses of & selected suite of isotopic systems. The .logic
for choosing the isotopic systems for analysis will be based on the
results of geochemical modeling, the need for data to evaluate mantle
source regions and processes of magma generation and evolution, and the
results of regional isotopic studies of volcanic fields of the southwest
United States (Activity 8.3.1.8.5.1.5, Evolutionary Patterns of Basaltic
Volcaxuo F:.elds. Section 2.5).

XRF-and IRAR are standard techniques for analyzmg the major and trace
element composition of volcanic rocks. Petrographic analysis and elec-
tron microprobe studies are standard techniques for conducting petro-
logic and mineral chemistry studies. The proten microprobe will be used
to obtain trace element data of individual ash grains for basalt ash
correlation studies.. This is one of only a few analytical techniques
that can provide trace element analyses of individual ash grains at
part-per-million levels. Conventional mass:spectrometry measurements
will be used for isotopic analysis. A large range of analytical tech-
niques ig available for cbtaining major and selected trace element data
for volcanic rocks. The XRF and INAR techniques have become standard
for analyzing geoleogic samples. Because of the standardization and
acceptability of these techniques, they are preferred for this study

'plan. They provide acceptable precision and accuracy for the geo-

chemical modeling of this activity. The number of samples analyzed for
the geochemistry studies of eruptive sequences cannot be specified with
certainty. It is dependent primarily on the number of recognized érup-

" tive units at volcanic centers, and secondarily on the results of geo-

- chemical modeling. Our current goal is to collect replicate samples for

‘each unit so that the number of samples per unit equals or exceeds the
" pnumber of mapped geologic units (determined data matrix).
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Geochemistry studies of eruptive sequences are needed to identify the
major, selected trace element, and isotopic compositions of basalt magma
for individual eruptive events at the Quaternary volcanic centers in the
Yucca Mountain region. All sites for collection of samples are outside
the exploration block and controlled area of Yucca Mountain. There will
be no impacts on the site from this activity. A potential constraint
is the ability to analyze ash grains with a sufficient degree of accu-
racy to correlate ash deposits in trenches with possible source vents.
The proton microprobe has sufficient analytical precision and accuracy
to cbtain data for ash correlations. However, preliminary data suggest
the ash grains are chemically heterogensous. Because of this, it may
be difficult to provide a data set that allows unique correlation of
ash-fall events and their source vents for ash deposits in the trenches.
The time required for the geochemistry studies is not expected to have
an impact on the schedule of the volcanism studies.

Activity 8.3.1.8.5.1.5, Evolutionary Cycles of Basaltic Volcanic Fields
Technical Ratiocnale and Justification

Prediction of rates of future volcanic activity is based fundamentally
on evaluating and extrapolating past patterns of volcanic activity into
the future. It is important to assess the continuity of past patterns
and to determine if any evidence of changing patterns is recordad in the
geologic record. Continental volcanic fislds of the western United
States (e.g., the Basin and Range province) show considerable avidence
that the processes leading to the birth, evolution, and termination of
fields are transitory. The lifetime of activity of basaltic velcanic
fields generally appears to be bounded by the range of 1 to 10 million
years, with most of the fields active for intervals of 3 to 6 million
years. Scme basaltic volcanic fields are now considered to be inactive
{such as the Salins volcanic field in eastern California and the
Springerville volcanic field in Arizona). Other basaltic volcanic
fields provide clear evidence of spatial migration of activity through
time (the San Francisco Peaks volcanic field in Arizona, basaltic vol-
canism along the Wasatch Front in Utah, the Lunar Crater volcanic field
in Nevada). Scme fields may be in developmental stages where rates of
volcanism can be expected to increase in the future (the Big Pine vol-
canic field and the Coso Volcanic field in California). Tha detailed
causes of episodes of basaltic volcanism cannot be proved with certainty
but are inferred to be related on a regional scale to tectonic-thermal
events leading to episodes of mantle melting. _

The approach for this activity is to examine the evoluticnary stages of
bagaltic volcanic fields of the southwestern United States to determine
if there is any evidence of systematic patterns of development. If these
patterns can be recognized and documented, they will be tested against
the volcanic record of the Yucca Mountain area. The purpose of this
testing is to determine if the volcanism of the Yucca Mountain regiop
is in a recognizable stage of evoluticn. If this can be established,
it provides a potentially improved basis for extrapolating future trends
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of volcanic activity for the Yucca Mountain region for probability cal-
culations. .

Measurement parameters for this activity include determination of the
chronology and duration of volcanic activity in volcanic fields of the
southwestern United States. The chronology will be established pri-
marily by K-Ar age determinations of volcanic units, supplemented, if
required, by other geochronology technigues described in the geochronol-
ogy studies. (Activity 8.3.1.8.5.1.2; .Section 2.2). These chronology
studies will provide the framework to divide. the volcanic fields into
major episodes of activity for calculating magma effusion rates. The
magmatic volume of the major volcanic episodes will be determined by
compiling geologic maps of the geographic distribution of velcanic units
and measuring the thickness of those units. The major and selected
trace element geochemistry of the volca.mc units will be determined by
obtaining XRF and IRA analysis of representative samples of the volcanic
fields.

The K-Ar method for estimating the ages of volcanic rocks is an estab-
lished standard for determining the chronology of volcanic activity of
volcanic fields. Geologic mapping with field measurement of the strat-
igraphic thickness of volcanic units is the accepted procedure for
determining the magmatic volume of volcanic rocks. Measurement of the
magmatic volume of basalt units provides a means of assessing the magni-
tude of volcanic activity through time. Determination of the major and
selected trace element composition of volcanic rocks coupled with geo-
chronology date allows an evaluation of the trends in geochemical compo-
sition of volcanic fields through time.

cgaemip_te :

All studies for thie activity will occur outside of the exploration
block and controlled area of Yucca Mountain. No impact on the gite is
expected from the studies. A major constraint for this study is deter-
mining how much information is needed at how many volcanic fields. We

- will be unable to undertake detailed studies of all the volcanic fields

of the southwestern United States. A major source of information for
many of the volcanic fields of the western United States is the existing
geologic literature. That information will be utilized to expedite the

- schedule of this activity, supplemented by studies associated with this

activity that are required to obtain a consistent data set. We estimate
that a nearly complete data set may be available for many of the vol-
canic fields of the southwest United States. The precieion and accuracy
of field and gecchronology data obtained for this study are descxibed
in Sections 2.3.2 and 2.2.2, respectively, of the study plan. *' The
precision . and accuracy of volume calculations are described in
Study Plan 8.3.1.8.1. 1, Proba.bility of Magmatic Disruption of the

‘ Reposito:y.
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3.0 DESCRIPTION OF TESTS AND ANALYSES
Activi Vol ism Drj
Approach

High-quality aercmagnetic data have been cbtained for the Yucca Mountain
region (USGS, 1978; Kane and Bracken, 1983), showing a correlation
batween sites of highly magnetic surface basaltic volcanic rocks and
aeromagnetic anomalies. These data also reveal the presence of aero-
magnetic anomalies that may be produced by intrusive rocks or buried
remnants of volcanic deposits formerly exposed at the surface. These
ancmalies include a lcobate, positive aeromagnetic ancmaly located in the
central part of Crater Flat between and west of the Black Ccocne and Red
Cone basalt centers. This magnetic anomaly was drilled as part of
earlier site characterization activities (drill hole USW VH-1; Carr,
1982a). The exploratory drilling penetrated buried basalt lava (re-
versely polarized) that was dated at about 3.7 million years old (Carr,
1982b) . These lavas are correlated with the 3.7-million-year-o0ld basalt
unit that crops out in southeastern Crater Flat (Vaniman, Crowe, and
Gladney, 1982). Becausa the 3.7-millicn-year-old basalt is reversely
polarized, it cannot be the scurce of the positive magnetic ancmaly.
The exploratory drilling showed, however, that the anomaly is not asso-
ciated with the Pliocene or Quaternary volcanic rocks of the Crater Flat
area. Carr (1982a) speculates that the positive anomaly may be produced
by a thickened section of the Bullfrog Member of the Crater Flat Tuff.

A second ancmaly is a large, dome-shaped, negative aercmagnetic ancmaly
located along the west-central edge of Crater Flat (Kane and Bracken,
1983) . The probable source of this anomaly was penetrated in drill hole
USW VH-2. A sequence of reversely polarized basalt lava was cored in
this hole at a depth of about 360 m beneath the surface (Crowe et al.,
1986). This basalt was dated at about 11 millicn years old (Carr,
1984) . Because of the similarities in major and trace element geochemi-
cal analysis and the matching raversed magnetic signatures, Crowe et al.
(19856) correlated the 11-million-year-old basalt in USW VH-2 with a
surface basalt located at the south end of Crater Flat (K-Ar agea of 10.5
million years; Carr, 1981). Crowe et al. (1986) noted that the surface
basalt site is marked by a zone of negative magnetization on the aero-
magnetic map of Kane and Bracken (1983). This negative magnetic ancmaly
extends as an arcuate trough from southern Crater Flat, west-northwest
to beneath the Little Cones volcanic center in southwest Crater Flat,
and north to the negative magnetic anomaly west of USW VH-2. This
suggests that the weat and southwest edgs of Crater Flat is underlain
by 10.5- to 1l1-million-year-old, negatively magnetized basalt.

A third, positive, aercmagnetic anomaly is present immediately socuth of
Little Cones (Kane and Bracken, 1983). This anomaly has been inter-
preted to represent a buried basalt center (Crowe and Carr, 1980; Carr,
1982a; Kane and Bracken, 1983).

A fourth aercmagnetic anomaly is present beneath the alluvial deposits
of the Amargosa Valley, directly south of the town of Lathrop Wells
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(Kane and Bracken, 1983; Figure 2). This anomaly is a sharply bounded
magnetic low with a peripheral magnetic high. The composite anomaly was
interpreted to represent a dipole effect from a shallovw buried single

‘gource (Kane and Bracken, 1983). The amplitude and width of the anomaly

suggest that it could be produced by an extensive basalt lava, by a
buried rhyolite center, or by an :mtruszve body of basaltic or rhyolitic
composition. .

Two or possibly three edditional aeromagnetic anomalies (two positive,
one negative) are present in the Amargosa Valley (USGS, 1978; Figure 2).

‘Two are located 15 km southwest of the ancmaly south of Lathrop Wells

previously discussed; the other is 10 km west of these two anomalies.
Two of these anomalies exhibit a dipole effect, suggesting & shallow

_depth of burial.

Pending evaluation of ground-based geophysical data, each of the anomaly
sites will be drilled, and continuous core of volcanic rock encountered
in the drill holes will be recovered. The precise locaticrn of the drill

‘holes will be determined from modeling and mnalysis of ‘ground-based

gravity and magnetic data for each anomaly site (for & description of
the geophysical studies, see Activity £.3.1.8.1.1.3, Presence of Magma
Bodies in the Vicinity of the Site, in Study Plan £.3.1.8.1.1,
Probability of Magmatic Disruption of the Repository). The thickness

" of volcanic units in each drill hole, the areal extent of each magnetic

ancmaly, and the geophysical modeling will be used to estimate the sub-
surface volume of the buried volcanic or intrusive rocks. The volume
data will be combined with the results of K-Ar age determinations to add
the information from the anomaly sites to the cumulative magma volume/
time curve being developed for the Yucca Mountain region. The magma
volume/time curve is used to establish magma effusion rates for proba-

bility calculations.

The presence or absence and ege (if present) of silicic volcanic rocks
in the exploratory drillholes will be used in Activity 8.3.1.8.5.1.3,
Field Geologic Studies, to make a decision about the issue of future

" silicic volcanic activity for the potential Yucca Mountain site.

Summary of Methods

‘Magnetic polarity, petrographic, major element chemistry, and selected

trace element and isotopic chemistry data will be obtained for repre-
aentative samples of the volcanic material. Magnetic polarity measure-
ments require only preserving identified top and bottom segments of the
drill core. Oriented samples are not needed for core from the volcaniem
drill holes. o o o .
One drill hole will be drilled at each of the anomaly sites. The exact
location of the drill hole will be determined from analysis of the anom-
aly from geophysical data. We will attempt to locate the drill hole to
penetrate the predicted most favorable section of the anomalies to maxi-
mize information to be obtained from the drill hole. Continuous core
will be cbtained from the drill holes, using standard drilling and
coring technigues as outlined in the drilling plans (TWS-INC-7-3/86-S).
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Detailed drilling plans will be completed for V-3 through V-5 six months
before the start of exploratory drilling. The drilling program will
follow the established drilling procedures of the Department of Energy
(DOE) support contractors.

A major priority of the drilling plan is to core continuously both the
upper and lower contact of any volcanic or intrusive rocks so that the
nature of the contact relationships can be determined. This is the pri-
mary basis that will be used to establish the extrusive or intrusive
origin of any volcanic or subvolcanic rocks in the drill holes. Infor-
mation to be obtained from the drilling program includes (besides the
nature of the upper and lower ccntacts) establishing the presence or
absence of wvolcanic or subvolcanic rocks, the depth of volcanic or
intrusive rocks, the presence of stratigraphic contacts within volcanic
or intrusive rocks, the lithology of volcanic or intrusive rocks (lava
flows, flow breccia, scoria, intrusive breccia, border phase of an
intrusive, intrusion interior), and the thickness of volcanic or intru-
sive lithologies. The thickness and litholeogy of volcanic rocks, com-
bined with the results of geophysical modeling, will be used to estimate
the continuity of units in the subsurface. )

Core samples from the drill hole will be lcgged and stored at the Sample
Management Facility. Representative samples will be selected from the
drill core for laboratory studies. The selection of samples will be
based con visual and binocular examination of the core for lithologic re-
presentativeness and presence or absence of secondary alteration. XK-Ar
ages will be obtained for a minimum of two samples of the drill core per
drill hole, following the procedures described in Activity
8.3.1.8.5.1.2, Geochronolegy Studies; Section 3.2.2.1. If the rocks are
younger than or suspected to be younger than 100,000 years old, alterna-
tive geochronology measurements, besides conventional K-Ar determina-
tions, will be obtained. Samples of core will be prepared for geochemi-
cal analysis by powdering 50 to 100 g of sample in a hardened-steel-ball
mill. whole rock, major element, and selected trace element (strontium,
rubidium, and zirconium) chemistry of core samples will be determined
by XRF for at least six samples per drill hole. Additional selected
trace element chemistry will be determined by INAA for at least three
samples per drill hole. The trace element suite for analysis will be
the same as specified in Activity 8.3.1.8.5.1.4, Geochemistry of
Bruptive Sequences (Section 3.4). Strontium and neodymium isotopic
compositions of one sample selected from each drill hole will be deter-
mined by solid-source mass spectroscopy. Additional isotopic studies
may be required, depending cn the results of other studies (see discus-
sion in Section 2.1.1). Thin sections of core samples will be cut into
doubly polished mounts. Petrographic characteristics of the volcanic
rocks will.be determined from the thin section mounts using transmitted,
polarized, and reflected microscopy. :

Proceduresg
The following procedures will be used in this activity:

+ drilling procedures described in TWS-INC-7-3/86-5;



s,

\/ YMP-LANINeP 8.3.1.8.5.1, RO
, : Page 26 of 64

+ Thin Section Preparation Procedure, TWS- ESS- DP 04 (standard proce-
dure) ;

- Procedure for X-Ray Fluoreescence Analysig, TWS-ESS-DP-111 (standard
procedure) ;

- Preparation of Powders from Rock, Cinder, and Ash Samples, TWS-N5-DP-
605, RO (standard procedure);

+ Potassium-Argon Dating, NWM-USGS-GCP-06; ;

- Nevada Test Site Core Petrography Procedure, TWS-ESS-DP-03 (standard

- procedure) ;

- Procedure for Volcaniem Field Studies, TWS-EES-13-DP-606 (standard
procedure) (revised version in technical review);

. strontium and neodymium isotopic procedures {to be prepared when the-
drilling schedule is establighed);

- procedures for geophysical investigations for this activity are
referenced in Study Plan 8.3.1.8.1.1, Probability of a Volcanic
Eruption Penetrating the Repository;

. procedures for exploratory drilling will be implemented through DOE

contractors follow:.ng drilling requirements specified in a Criteria
Letter.

' XRF analyses generally have an accuracy and precision of better than 5%
_ for major elements and better than 10t for selected trace elements

{strontium, rubidium, and zirconium) that are present above their detec-

 tion limits. IRAA routinely gives accuracies and precision of better

than 10% for the elements of interest. Strontium and neodymium isotopic
analyses give precision of better than 0.005% with accuracies determined
(and analyses corrected if needed) by analysis of standards from the
National Institute of Standards and Technology (RIST). The accuracies

- and prec:.s:i.on of the analytical techniquegs are considered adequate for
the purposes of thi.s actxv:.ty.

E@iment

‘A the equipmexit, laboratory facilities, and analytical procedures

(with two exceptions, INAR and mass spectrometry measurements) £or these

) studies are now available. 'rhis equipment includes

- Olympus petrographic microscopes with capabilities for thin section
"studies under conditions of transmitted, polarized, and reflected
"1ight; one microscope is equipped with photomicrograph capabilities

' and an automated point-counting stage;

"+ thin section preparation facilities for coxisr.ruct:lng 30-micron slides

for petrographic studies and polished 30-micron slides for elec't::on
. microprobe analysis;
+ rock-crushing facilities for crushing geologic samples for XRF and
. INAR;
-~ sample fusion facilities for preparing glass pellets “for XRF
~ analysis;
* Rigaku a.utcmated 'XRF un:i.t £or majo: and selected trace elemem;
, analysis;
. electron micraprobe for mjor element mineral chemistry;
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potassium/argon instrumentation:

- 10-cm-radius gas source Reynolds-type mass spectrometer,

- Kepco high-voltage power supply,

- filament power supplies,

- Bell 640-G meter,

- Carry 401-mV vibrating reed electrometers,

- magnetic field controller,

- computer-instrumentation interface,

- Fluke high-voltage power supply and voltage divider,

- icn gauges and Ganvill-Phillips controllers, and

- dual-extraction bottle glass extraction/vacuum systems; and

- California Electronic Model 70 Fluxgate magnetcmeter.

A research reactor and gamma-ray-counting facilities, including calibra-
tion programs, are available at LANL. However, INAA procedures have not
been standardized for basaltic volcanic rocks using our equipment. We
will contract these analyses to an external laboratory (commercial
vendor) that has an established reputation for performing high-precision
INAA of geologic samples. The measurement techniques for strontium and
neodymium isotopic analyses have been used at LANL. Howeverxr, the chem-
ical separation facilities and the mass spectrometry instrumentation are
not now optimized for these isotopes. We will contract these isotopic
analyses to the University of Colorado, Boulder, where a Finnigan-Matt,
fully automated, six-collector, solid-source mass spectrometer ig avail-
able.

Data Analysis

Information from the drilling program and studies of the drill core will
be summarized in a drill hole report, which will present a stratigraphic
column of any volcanic or intrusive rocks noted in the drill hole. The
K-Ar age measurements will follow conventicnal techniques. If
additional chronology studies are required, wa will follow the methods
described in Activity 8.3.1.8.5.1.2, Geochronology Studies (Sectiocn
3.2). Major element data will be listed as oxide percentages, and
normative mineralogy will be calculated as an oxide percent and a cation
percent. These calculations will use the computer program IGPET, Ver-
sion 1.1 (Carr, 1986). Evaluation of major and selected trace element
data will be through a combination of ccnstruction of bivariate graphi-
cal plots, evaluation of Pearce diagrams, and application of the com-
puter subroutines of the commercially available programs MAGMASS, Ver-
sion 1.2 (Hughes, 1987), and IGPET, Version 1.1 (Carr, 1986). Supple-
mental analysis of geochemical data for fracticnation modeling will use
the published fractionation code EQUIL (Nielsen, 1985). Statistical
analysis of the geochemical data (univariate and multivariate) will use
the computer program SYSTAT, Version 4.1 (Wilkinson, 1983). Drill hole,
major and trace element, and isotopic data will be archived ocn a com-
puter using a commercially available data-base system. The computer
systems used for these calculatiocns are MS-DOS compatible ccmputers with
numeric coprocessors. Data reduction and analysis of gecphysical data
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for this activity are described in Study Plan £.3.1.8. 1.1, Probability

of Magmatic Disruption of the Repository. .
tativenes

A source of uncertainty for this study is the degree to which the age,

volume, and chemical composition of a volcanic center or intrusive rocks
are represented by core recovered from a single drill hole. If the aero-

- magnetic ancmalies are produced by buried volcanic centers, we would

expect the buried centers to be similar geologically to the exposed vol-

_canic centers of the Yucca Mountain region. They may have formed during
- multiple eruptive phases and may have been active for a timg span

approaching 100,000 years. If this is the case, a single drill hole
will probably not provide sufficient information to represent the
volcanic evolution of the volcanic center. However, the implications
of this concern are dependent on the age and volume of the buried vol-

~canic centers. If the centers are older than 2 million years and the

volumes do not cause changes in the cumulative magma volume/time curve
for the Yucca Mountain region, a single drill hole should provide suf-

- ficient information. If the volcanic rocks are younger than 2 million
.years or change the volume/time curve a sufficient amount to affect cal-

culations of volcanic recurrence rates, additional exploratory drill-ing
may be required at individual sites to provide a ‘more representative
sample population.

'I'here are several possible geologic unite that may prov:.de the source
of the aeromagnetic ancmalies. These include the following. (1) The
anomalies may be produced by buried basalt units .(older than 9 million
yearsg) of the silicic episode (Crowe, 1986). These basalt units have
been reported in drill holes in the Amargosa Valley (chemical analysis

- referenced in Crowe et al., 1986). Such basalt units, if present and

verified by drilling and geochronology studies, would have no effect on
probability calculations for the Yucca Mountain site. " They would be
considered in models of regicnal volcanic pat’tez‘ns ‘of the Yucca Mountain
region. (2) The ancmalies may be produced by buried basalt centers of
Pliocene or Quaternary age. The significance of these basalt units for
probability calculations is dependent on the age and volume of the indi-
vidual basgalt centers. (3) The anomalies may be produced by basaltic

- intrusive volcanic rocks. The significance of these rocks is dependent

on the age and volume of the intrusive rocks. (4) The anomalies may be
produced by buried silicic volcanic centers or silicic intrusive rocks.

_The significance of these rocks is dependent on the age of the silicic

rocks. any silicic rocks found that are significantly younger than 7.7
million years (the age of the Thirsty Canyon Tuff of the Black Mountain
caldera) would necessitate a reassessment of the potential for recur

_rence of silicic volcanism.

&g.i ivity g,g,;,g,s,;‘,g. Geoch i'oﬁglggzng_t_udigg_.l '
:ngrg‘ ch ' v 7 '

The purpose of this activity is to establish the detailed chronology of
‘basaltic and silicic. volcanism in the Yucca nountain region The data
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obtained through this activity will be used to refine the chronology of
basaltic volcanism in the Yucca Mountain region and to revise, where
appropriate, calculations of the magma effusion rate for the probability
calculations (Study Plan 8.3.1.8.1.1, Probability of Magmatic Disrupticn
of the Repository). Geochronology studies of basaltic volcanic centers
have been under way for several years. The results of these studies are
summarized in Chapter 1 of the SCP (DOE, 1988). The primary approach
of this activity is twofold. First, ths age of basaltic volcanism in
the Yucca Mountain region must be measured and documented with the
maximum confidence possible. Seccond, enough geochronology measurements
(including repetition of measurements and use of alternative measurement
techniques) are needed to provide the maximum precision and accuracy of
the techniques. These measurements will constrain the x-axis error bars
on a plot of cumulative magma volume versus time for the Yucca Mountain
region.

Additional K-Ar age determinations are needed for several problems.
First, the age and accuracy of XK-Ar age determinations needs to be
established for each Pliocene and Quaternary volcanic center in the
Yucca Mountain region. Multiple K-Ar ages have been cbtained for many
of the Quaternary volcanic centers (Crowe, Johnson, and Beckman, 1982;
Vaniman, Crowe, and Gladney, 1982; DOE, 1986b). Further work is needed
to cbtain a uniform level of data coverage for each center. Seccnd, one
of the perplexing prcblems with K-Ar ages is the difficulty of obtaining
coherent data sets for samples analyzed at different laboratories.
Sinnock and Easterling (1983), for example, submitted samples of basalt
collected from the basalt sites in the Yucca Mountain region to three
separate analytical laboratories and obtained widely varying chron-
ological results. We intend to obtain duplicate K-Ar age determinations
at two separate analytical laboratories to determine the variability of
results from different laboratories and to attempt to obtain a cocherent
and reproducible set of K-Ar age determinations (USGS K-Ar laboratories
and the Berkeley Geochronology Center). Third, one of the key problems
described in the field geologic studies activity of this study plan
(Section 2.3) is the possibility of polycyclic eruptive patterns at the
Quaternary and Pliocene centers of the Yucca Mountain region. K-Ar ages
may be suitable for documenting age differences of separate cycles of
activity at the 1.2- and 3.7-million-year-old basalt centers of the
region. A number of K-Ar ages are needed to evaluate the chronology of
volcanic activity at these centers.

It is important to establish the age of the youngest volcanic events in
the Yucca Mountain region. The youngest events now recognized are
small-volume scoria eruptions at the Lathrop Wells and Hidden. Cone
volcanic centers (Figure 2). These eruptions mantled cone slopes, and
immediately adjacent areas of existing scoria cones at both centers.
The last eruption of the Lathrop Wells scoria cone is estimated to have
occurrad less than 20 ka (thousand years ago) (Wells et al., 1988; Crowe
et al., 1988) and possibly less than 10 ka. These volcanic events are
too young to be dated by the conventional K-Ar method. Multiple tech-
niques are being developed to attempt to date the youngest volcanic
events and to refine the K-Ar chronolcgy of the Quaterna volcanic
centers in the Yucca Mountain region. These methods include 38y.2301,
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disequilibrium measurementg using solid-source mass spectrometry,
measurement of the 3He/‘!~1e ratios of surface volcanic rocks, and TL-age
measurements. These methods were chosen from a suite of possible geo-
chronology methods becauce they are judged to have the maximum chance
of success for estimating the ages of the volcanic rocks in the age
range of S000 to 100,000 years.

The age of the youngest silicic volcanic activity in the Nevada Test
Site (NTS) region, with emphasis on the Black Mountain caldera or young
silicic rocks encountered in volcanic drill holes, needs to be deter-
mined. The hazards of future silicic volcaniem are considered to be
negligible (Crowe, Vaniman, and Carr, 1983a), based in part on the
Miocene age of the youngest silicic volcanic center, the Black Mountain
caldera complex. Noble et al. (1984) and Weiss, Noble, and McKee (1989)
have shown that the goned ash flow sheets of the Black Mountain center
were erupted over a very short period, defined by K-Ar ages, of about
7.7 Ma. Younger silicic volcanic centers are also associated with a
northwest-trending zone of potassic and peralkaline volcanic centers
extending from Black Mountain to Stonewall Mountain (Noble et al., 15984;
Weiss and Noble, 1989; Figure 1). The Stonewall Flat tuff at the north-
west end of this cluster of centers has K-Ar ages of about €.3 Ma, A
Pliocene rhyolite center (2.5 Ma) has recently been identified at Mount
Jackson, west ©of Stonewall Mountain (McKee, Noble, and Weiss, 1989).
Thic center is located about 100 km northwest of Yucca Mountain and is
the youngest silicic volcanism in the region. Pliocene rhyolite centers
may be present in the Monte Cristo Range, in association with the Stone-
wall Mountain volcanic center, and in the Greenwater Mountains adjacent
to the southwest part of Sarcobatus Flat. Additional work (literature
review, field and geochronology etudies) may be required to evaluate the
significance of the occurrence of possible Pliocene silicic volcaniem
in the Yucca Mountain region. The spatial distribution of Pliocene
gilicic volcanic centers needs to be placed into the regional perspec-
tive with associated sites of silicic volcanism along the western
Cordillera rift zone (Smith and Luedke, 1584). and the.time-space pat- .
terns of migration of silicic wvolcanism (Stewart, Moore, and Zietz,
1977; Stewart, 1578). 1I1f silicic volcanic rocks are encountered in any
of the volcanic drill holes, they need to be dated and incorporated in
descriptions of the volcanic record of the Yucca Mountain region.

A range of calibrated-age methods will be used to test the consistency
of age determinations. These methods include evaluation of the stages
of gecmorphic degradation of scoria cones and lava flows, evaluation of
the degree of soil-profile development on volcanic units, paleomagnetic
studies of volcanic units, and studies of the development and geochemi-
cal maturity of rock varnish on volcanic units. These calibrated-age
~ methods will be applied cauticusly in cross-checking the geochronology
results. They will be used primarily to judge whether the results of
isotopic and radicmetric dating are consistent with the relative age
assignments of volcanic units developed from the field studies.
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disequilibrium measurements using solid-source mass spectrometry,
measurement of the 3He/%He ratios of surface volcanic rocks, and TL-age
measurements. These methods were chosen from a suite of possible geo-
chronology methods because they are judged to have the maximum chance
of success for estimating the ages of the volcanic rocks in the age
range of 5000 to 100,000 years. -

The age of the youngest silicic volcanic activity in the Kevada Test
Site (NTS) region, with emphasis on the Black Mountain caldera or young

~.silicic rockes encountered in volcanic drill holes, needs to be deter-

mined. The hazards of future silicic volcanism are considered to be
negligible (Crowe, Vaniman, and Carr, 1983a), based in part on the
Miocene age of the youngest silicic volcanic center, the Black Mountain
caldera complex. Noble et al. (1984) and Weiss, Noble, and McKee (1589)
have shown that the-zoned ash flow sheets of the Black Mountain center

were erupted over a very short period, defined by K-Ar ages, of about

7.7 Ma. Younger silicic volcanic centers are also associated with a
northwest-trending zone of potassic and peralkaline volcanic centers
extending from Black Mountain to Stonewall Mountain (Noble et al., 198¢;
Weiss and Noble, 1989; Figure 1). The Stonewall Flat tuff at the north-

- west end of this cluster of centers has K-Ar ages of about 6.3 Ma. A

Pliocene rhyolite center (2.9 Ma) has recently been identified at Mount
Jackson, west of Stonewall Mountain (McKee, Noble, and Weiss, 1983).
Thies center is located about 100 km northwest of Yucca Mountain and is
the youngest silicic volcaniem in the region. Pliocene rhyolite centers
may be present in the Monte Cristo Range, in association with the Stone-
wall Mountain volcanic center, and in the Greenwater Mountains adjacent
to the southwest part of Sarcobatus Flat. Additicnal work (literature
review, field and geochronology studies) may be required to evaluate the
significance of the occurrence of possible Pliocene gilicic volcanism
in the Yucca Mountain region. The spatial distribution of Pliocene
gilicic volecanic centers needs to be placed into the regional perspec-

‘tive with associated sites of silicic wvolcanism alcng the western

Cordillera rift zone (Smith and lLuedke, 1984) and the time-space pat-
tems of migration of gilicic volcanism  (Stewart, Moore, and Zietg,
1977; Stewart, 1978). If silicic volcanic rocks are encountered in any
of the volcanic drill holes, they need to be dated and incorporated in
descriptions of the volcanic record of the Yucca Mountain regiocn.

A range of calibrated-age methods will be used to test the consistency
of age determinations. These methods include evaluation of the stages
of gecmorphic degradation of scoria coneg and lava flows, evaluation of
the degree of soil-profile development on volcanic units, palecmagnetic
studies of volcanic units, and studies of the development and geochemi-
cal maturity of rock varnish on volcanic units. These calibrated-age
methods will be applied cautiously in cross-checking the geochronology

- vesulte. They will be used primarily to judge whether the results of

isotopic and radiometric dating are consistent with the relative age
assignments of volcanic units developed from the field studies.
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Test Methods

A number of tests will be performed for the geochronology activity. For
clarity, each test method will be described separately.

Potagsium-Argon Age Determinations

The basaltic volcanic rocks of the Yucca Mountain region will be dated
primarily by the K-Ar and 407y /39Ar methods. These are established
techniques, described in many papers and textboocks (Dalrymple and
Lanphere, 1969; Faure, 1977; Dalrymple and Lanphere, 1971). Multiple
age determinations will be obtained for the Pliocene and Quaternary vol-
canic centers, which include the Lathrop Wells canter, Little Cones, Red
Cone, Black Cone, Northern Cone, the two basalt centers of Sleeping
Butte, and the older basalt episode of Crater Flat. We will obtain sep-
arate ages of lava flows at the Pliocene and Quaternary volcanic centers
when the results of field studies and relative dating techniques indi-
cate the groups of lava flows may differ significantly (a few tens of
thousands of years) in age. Special attention will be focused on
cbtaining statistically consistent ages for the lava flows of the
youngest volcanic centers. Some additiocnal K-Axr ages may be required
for silicic volcanic rocks of the Mount Jackson, Stonewall Mountain, and
Grapevine Mountain areas.

The technical procedures to be followed are
- potassium-argon dati ; procedures, described in NWM-USGS-GCP-06; and

n
- procedures for 4°Ar/3 Axr measurements, to be completed 60 days before
the start of work using this technique.

Single-Crystal 407y /3%ar Aqe Determinations

A single-crystal laser fusion methed for determining the 407 /3%nr
ratios of volcanic rocks is being developed through a cooperative lab-
oratory effort with the United States Geological Survey (USGS) Geochron-
ology Laboratory and the Berkeley Geochronology Centexr. This technique
may be used to date basalt and silicic samples obtained from the field
geologic studies. The initial application of the 4%ar/39Ar method will
be to test the feasibility of applying the technique to whole rock
samples of basalt. If the technique is judged to be suitable for the
geochronology studies, detailed procedures will ba develcoped. These
procedures will be in place §0 days before the start of QA Level I work.

238y3.2309h pigequilibrium Age Determinations

Specialized isotopic-dating techniques for determining the crysta‘ll:i.-
zation age of scoria deposits are needed to date volcanic events younger
than 100,000 years. BEBruptive events of this age are inferred to be
prasent at the Lathrop Wells and Ridden Butte volcanic centers. Age
determinations for rocks of this age will be attempted through uranium
series disequilibrium measurements for minerals or phases separated from
basalt samples. This technique is based on the chemical fractiocnation
that can occur during geochemical processes and lead to radiocactive
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disequilibrium between uranium parents and some daughter nuclides. For
example, 238y can fractionate from its daughter 2307y during magma for-
mation, which makes it possible to date young (<400,000 years o0ld) rocks
by measuring the extent of deviation of 23“)'1'h from secular equilibrium.

The 238g. 23°'I'h dating systemt:.cs are based on develop;ng an isochron
by plotting 230‘1‘!1/2 Th versus 238g/232t, for cogenetic minerals or min-
eral phases of & basalt. The slope of the isochron is proportional to
the time elapsed since crystallization. Precise measurements of the
thorium and uranium isotope ratios are necessary to constrain the slope
of the mineral isochron and to obtain accurate ages of young basalt.
These measurements have generally been made using alpha decay counting.
Howvever, significant improvements in sensitivity (smaller sample gize)
and precision can be obtained using solid-source mass spectrometry for
the measurements. : ‘

Future developmental work will be necessary to obtain high-purity min-
eral or mineral-phase separates with different U/Th ratios.. Scoria and
volcanic bomb. samples will be collected from the I.athrop Wells volcanic
center. These samples will be crushed, and minerale (olivine, plagio-

. clase, and iron-titanium oxides) will be separated using a combination

of techniques (hand-picking with a magnet, magnetic separation, and
heavy-liquid separations). The present ionization efficiency of the
measurements is adequate if it is assumed that reasonable amounts (0.5
to 2 g) of separates can be obtained. If the masgs spectrometry pro-
cedure is successful and & precise isochron is established, the result-
ing age determinations will provide the crystallization ages of the
youngest volcanic events in the Yucca Mountain region. The  develop-
mental work on the mags spectrometry technigque for uranium disequili-
brium measurements will be covered by TWS-QAS-QP-3.5, Procedure for
Documenting Scientific Investigations. When the procedures have been
adequately established and the technique has been judged to have a high
probability of obtaining a precise crystallization age, detailed pro-
cedures will be written. These procedures w:.11 be in place €0 days
before the start of QA Level I work.

suremen hef3 c 1' i n Basal VM i Roks

Helium-3 is produced in exposed rock outcrops at the surface of the
earth by two nuclear processes. The first ie cosmic-ray-induced spal-
lation of the major elements, and the second is capture of thermal
neutrons by 61i to produce tritium, which decays to 3ge.. The 3He con- :
centration has been measured at the surface of lava flows from the Mauna
loa volcano in Hawaii with known 14C ages. The helium isotopic concen-
trations are consistent with the ages of the lavas, assuming a theoreti-
cal production rate of cosmogenic 3He (Xurtz, 15986).  .These results

-indicate measurement of 3He is feasible to establish.  the surface

exposure ages of young basaltic volcanic rocks. The major unknown for

" this technique is the calibrations of the production rate of cosmogenic

3ge. Current research to establish the production rates is in progress
and appears promising.
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The concentration of 3He and 3He/4l-le ratios will be determined by static
gas-source mass spectrometry for mineral separates of olivine from
scoria collected from selected Quaternary volcanic centers of the Yucca
Mountain region. Samples will be collected from surface outcrops that
are inferred to have not been significantly eroded or buried by sur-
ficial deposits since the time of emplacement. This judgment will be
based primarily on the degree of geomorphic preservation of wvolcanic
landforms and the position of outcrops relative to sites of active
erosion or deposition. Selected surface outcrops will be drilled to a
depth of approximately 1 m using a portable rotary drill. This core
will be used to evaluate the 3He profile to determine if the sample site
has been stable. Samples and core cobtained from the drilling will be
returned to LANL and sectioned for sample preparation.

A major effort for the helium work will be calibration of the 3He pro-
duction rates for the Yucca Mountain area as a functicn of longitude,
latitude, elevation, and time. We plan for this calibration to be
accomplished primarily through comparison with volcanic sites of estab-
lished K-Ar age. However, current results using conventional K-Ar
methods may not be sufficiently accurate to provide well-constrained
calibrations. We may have to calibrate the 3He production rate using
isotopic measurements from the 407y /39Ar method coupled with results of
TL ages for younger volcanic events (<50,000 years old). Special atten-
tion will be given to calibration of the 3e/4He production rates inde-
pendent of the 238y.230y age determinations because we will be
attempting to cross-check the results of the two techniques for con-
sistency. An additiocnal concernm with the helium work is the possibility
of helium lo3ss from diffusion. This problem may be mitigated by
choosing coarse-size splits of olivine (this may not be possible for the
Lathrop Wells center) and cross-checking the helium measurements with
measurements of 21Ne.

The developmental work on the 3He/%He studies will be performed accord-
ing to TWS-QAS-QP-3.5, Procedure for Documenting Scientific Investiga-
tions. Technical procedures for the 3He/4}!e measurements will be devel-
oped at LANL when the measurement techniques have been adequately estab-
lished and ars judged to have a high probability of obtaining surface
exposure ages of sufficient accuracy to use for probability calcula-
tions. These procedures will be in place 60 days before the start of
QA Level I work.

rmo in n Properties an D rmination

The TL technique directly dates quartz and feldspar mineral grains by
reflecting the time since the sediment was last exposed to sunlight
(Wwintle and Huntley, 1980). Exposure to sunlight for at least 8 hours
eliminates (bleaches) any inherited TL signal. This affectively resets
the TL clock to "zero.” 1f the sediment is buried and shielded from
further light exposure (by extrusion of lava flows or deposition of
tephra), nuclear radiation (primarily £from the decay of wuranium,
thorium, and their daughter products, and potassium) progressively
imparts a TL signal. This radiation ionizes electrons of mineral
grains, which are subsequently trapped at lattice-charged disequilibrium
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cites called electron traps. Heating during laboratory &nalysis or in
the natural environment (from emplacement of lava flows) or exposure of
the sediment to natural sunlight causes vibration of the mineral lattice
and eviction of electrons from the traps.  Some of these electrons are
conducted to recombination sites from which light is emitted. It ic the
intensity of thig light signal that can be mea.sured to quantify the time
since burial of the mineral grain.

During the past decade, the TL technique has provided chronological con-
trol in a variety of geoclogic settings for sediments less than 100,000
years old (Forman, 1589). Only - recently has the method been
successfully extended to geoclogic studies in the Basin and Range
province (Forman et al., 198%).. Preliminary analysis of buried soil
horizons (AV goil horizon) from the Crater Flat and Cima volcanic fields
indicates that the method has the potential for providing chronological
control on volcanic events during the past several hundred years to
possibly 250 ka. '

Preferred materials for TL dating are buried s0ils or sediments that
have been shielded from further light exposure by emplacement of lava
flows or deposition of tephra or sediments. Initial analyses will be
conducted on samples of fine-grained (4- to ll-micron), polyminersal
separates. If necessary, we will either optically or physically sep-
arate individual gquartz and feldspar components for TL anslysis.
Laboratory procedures will be similar to those outlined in Forman et &l.
(1989). - Principally, we will use the total (Singhvi, Sharma, and
Agrawal, 1982) and partial (Wintle and Huntley, 1980) bleach techniques.
All samples will be tested for anomalous fading, which undetected could
reduce the accuracy of age estimates by 10% to 20%. Error analysis will
follow the procedures of Aitken (198€).

An early focus of the TL dating research will be to test the accuracy
of the TL technique by dating radiocarbon localities in cores of Lake
Mojave, California. The sediments in this lake basin are similar in
mineralogy and genesie to sampled stratigraphic horizons in soil units
of the Yucca Mountain region. Additionally, & series of modern soil
horizons will be dated to ascertain the residence time of £ine gilt in
soil and the maximum resolution of the technique.

The developmental work on the TL technique will be performed according
to TWS-QAS-QP-3.5, Procedure for Documenting Scientific Investigations.

"Detailed procedures for the TL technique will be developed when the TL

- procedures are judged to a reasonable degree of confidence to provide

3.2.2.6

reliable estimates of the chronology of volcanic events in the Yucca
Mountain regicn. These procedures wiu be in place 60 days before the
start of QA Level I work. .

e r_men of Scor e 4 hi o r
Geomorphic research at the Cima volcanic f£ield has shown that progres-

sive ercsicnal degradation of scoria cone slopes and the development of
s0ile on volcanic features can be calibrated for young volcanic fields

. (Dohrenwend, Wells, and ‘;‘urri.n,-lSSG) : Time curves based on K-Ar age
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determinations of volcanic rocks were daveloped at this volcanic field
for many gecmorphic features. These curves can be used to evaluate
approximate ages of volcanic centers and also to establish relative ages
of closely spaced volcanic centers. These techniques will be applied
to the Quaternary volcanic centers of the Yucca Mountain region,
including Lathrop Wells, Little Cones, Red Cone, Black Cone, Northern
Cone, and the Sleeping Buttes cones. Curve calibrations will be based
on established K-Ar ages of these centers, and the curves established
for this region will be compared with the curves developed for the Cima
volcanic field. The major advantages of these tests are (1) they can
be used to cross-check the chronology of volcanic centers develcped by
isotopic measurements, and (2) for individual centers in which past
environmental conditions were gimilar (closely spaced features), rela-
tive correlations of gecmorphic parameters and soil development can be
established to test concepts of polycyclic volcanism.

Specific measurements to be made for the volcanic centers include cone
height, cone width, cone slope length, maximum slope angle, tangent of
the maximum slope angle, apron length, apron slope, drainage frequency,
and maximum gqully incision (gecmorphic parameters). The following tech-
nical procedures will be developed for the geomorphic work:

+ Procedure for Volcanism Field Studies, TWS-EES-13-DP-606 (standard
procedure) (revised version in technical review); and

- Procedure for Geomorphic Studies of Volcanic Landforms (in prepara-
tion; to be in place 60 days before the start of QA Level I work).

Soils Studies

A large number of published studies demonstrate that the degree of soil
development on progressively older landforms typically increases system-
atically (Birkeland, 1984; Catt, 1986; Buol, Hole, and McCracken, 1989).
Without numerical ages for soil parent materials, pedologic data provide
relative-age information. However, if numerical-age information can be
obtained for soil parent materials, calibrated ages may be obtained for
pedologic data (Colman, Pierce, and Birkeland, 1987). Moreover, pedo-
logic data for soil from a given study area can be compared with pedo-
logic data for soils for which numerical-age control is available, a
procedure that makes possible derivation of correlated ages in addition
to calibrated ages (Colman, Pierce, and Birkeland, 1987). Pedologic
dating techniques will ba used to derive ages for volcanic landforms and
deposits of the Yucca Mountain region by comparing the degree of s0il
development in this region to that observed in the Cima volcanic field.
Several recent studies in this arid region provide numerical-age con-
straints for volcanic landforms and volcanic deposits that are similar
to those in the arid Yucca Mountain regicn. 1In order to further evalu-
ate the rates of soil development in the Yucca Mountain region, pedo-
logic data will be collected from other wvolcanic fields, such as the
Lunar Crater field in central Nevada. Specific measurements to be made
in the scils of selected study areas include (1) morphologic features
{structure, color, field consistency, clay £ilms, mottles, pore develop-
ment, carbonates, salts, horizon thickness, boundary geometry); and
{2) textural, chemical, and mineralogic properties (clay, silt, and sand
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content of the fine-earth fraction, bulk density, carbonate, soluble
mineralogy) .

Besides the above measurements, we will attempt to collect pedogenic
carbonate &and submit samples of it from selected so0ils and soil sub-
horizons for jisotopic analysis, which may make possible radiometric
dating of carbon in thig material (Quade, Cerling, and Bowman, 1989) and

palecenvironmental evaluation of the pedologic environment (Cerling

et &1. ] 1989)'.

The following t.echnical procedures will be followed or developed for the
soil studies:

- Procedure for Volcanism Field Studies, TWS-BES-iB-DP-GOG (standard
procedure) (revised version in technical review); .and

- Procedure for Laboratory scudies of Soils (in preparation,
anticipated completion date 3/90).

udi

Studies will be conducted on the remanent magnetization of volcanic
units identified from field mapping for the Pliocene and Quaternary
volcanic units of the Yucca Mountain region. Samples will be collected
using a portable rock drill, following the procedures described by Doell
and Cox (1965) and McElhinny (1973), except that a sun compass will be
used for core orientation. Approximately € to 12 samples will be col-
lected per sample site. Outcrops at the sample eite will be carefully
examined to ensure collection of samples that have not been rotated by
volcanic or geomorphic processes after cooling. The number of sample
sites at individual volcanic centers will vary with the complexity of
eruptive sequence of the individual volcanic centers. We will work in
an iterative fashion between the palecmagnetic and the field geologic
gtudies. Volcanic units will be mapped in the field, then sampled and
analyzed for remanent magnetigation directions. The directions will be
compared for the individual units. The assumptions used for
interpreting paleomagnetic data for basaltic volcanic rocks are that the

. geomagnetic field changes at a relatively rapid rate (about 4 degrees

per century, based on historic data; Champion and Shoemaker, 1577).
Further, the field magnetic directions are assumed to be recorded during
the cooling of the wvolcanic rocks. Measurement of the filed
magnetization directions permits assignment of volcanic units to groups
that have, given the measurement accuracy of the method, similar or
digsimilar field magnetic directions. Ve will group mapped volganic
units. acco:di.ng to the directions of field magnetization if dxfferent

_directions. are noted and compare the magnetization groups with the

volcanic units established from field mapping. .

Colleotion of field samples .for palecmagnetic st:udies follows the
Procedure for Volcanism Field Studies, TWS-EES-13-DP-606. Documentation
of data collected in laboratory studies follows LANL-YMP-QA-03.5,
Documenting Scientific Investigations. .



: YMP-LANL-SP 8.3.1.8.5.1, RO
Page 37 of 64

Accuracy and Precisgion

The accuracy and precision of the K-Ar and %0ar/3%ar tests are con-
trolled largely by the potassium content and the age of the volcanic
rocks, with additional factors being the abundance of atmospheric argon
(particularly for young volcanic rocks), the possibility of excess
argon, and the possibility of argon loss. The uncertainties of these
techniques are controlled by the quality of the sample, the precision
of measurements, and the accuracy of age calibrations. Of these
parameters, the quality of the sample and the accuracy (measured by
replicate analysis of separate samples) are generally the major wvari-
ables that control uncertainty. Sample quality can be affected by the
loss or gain of argon, the presence of xenocrysts, and the presence of
mixed phenocryst populations with different crystallization ages. Error
bars are largest for the youngest volcanic rocks, where measurement
precision can be the limiting variable. It is necessary to achieve
sufficient accuracy to identify the age of major volcanic events for
probability calculations. We will attempt to achieve this gcal by using
the X-Ar method and supplementing and cross-checking the results with
the constraints from (1) field geologic studies, (2) geomorphic param-
eter and soil-profile develcpment studies, (3) palecmagnetic gtudies,
and (4) investigations of rock varnish.

The uranium/thorium series disequilibrium measurements will be affected
by the precision of the measurements performed by mass spectrometry--the
major factors will be the ionization of 2301y, the purity (different
U/Th ratios) of mineral separates, and the degree of U/Th fractionation
batween the mantle host and the magma. The measurements may addition-
ally be affected by postemplacement mobilization of uranium.

The precision and accura of the 3He measurements will be controlled
largely by calibration of “He production rates. These parametears cannot
be specified until measurements of basalt samples are jinitiated and
sites are chosen for calibration. Work conducted in Hawaii suggests an
uncertainty of about 20% may be reasocnable (Kurtz, 1%86). A major
uncertainty of the method is the selection of samples. It is important
to establish that the surface samples have not been buried (provides
shielding) or eroded (removes part of the record of 3ie production) .

The TL methcd has the greatest potential for dating young (<50,000 years
old) volcanic events. The maximum resolution of the TL method is 500
to 1000 years. Errors associated with TL age estimates will be betwaen
5% and 20%, depending on the dispersion in the data set used to
constrain the TL growth functions. A potential important constraint on
the accuracy of dating of volcanic events using the TL technique is the
correlation of TL ages to volcanic events. The time of acquisition of
a TL signal must be correlated with volcanic events to enhance under-
standing of the gecchronology of volcanic centers. The primary control
for these studies will be the field geologic studies.

The accuracy and precision of calibrated and correlated ages obtained
by geomorphic methods cannot yet be specified. Both depend on calibra-
tion of stages of volcanic landform degradation to volcanic sites of



[P~

-4

\ YMP_-LANI\J'-'éP £.3.1.8.5.1, R1
Page 38 of 64

known chronology. These calibrations are most advanced for geomorphic
studies of the Cima volcanic field (Dohrenwend et al., 1586). Prelimi-
nary studies of the Quaternary volcanic centers of the Yucca Mountain
region indicate the, geomorphic parameter-time curves for the Cima vol-
canic field can be broadly applied to volcanic centers of the Yucca
Mountain region (Wells et al., 1588). Studies are in progress to fur-
ther assess this question. Two approaches will be followed in applying
the geomorphic parameter data to geochronology studies. First, the geo-
morphic parameters of volcanic centers will be evaluated using geo-
morphic parameter-time curves to provide estimations of the approximate
age of the centers. The increments of the age assignments will be

~ dependent on the approximate age of the volcanic center. For example,

age estimates for the Lathrop Wells center will be evaluated for inter-
vale of several tens of thousands of years (>20,000, <20,000). Ages of
the 1.2-million-year-old centers of Crater Flat will be estimated in
increments of several hundreds of thousands of years. Second, the
results. of radiometric dating techniques will be compared with the age
of estimates from geomorphic parameter studies. The application of this
technique is illustrated by our present assessment of the age of the
Lathrop Wells scoria cone. K-Ar ages of volcanic bombs from the summit
of the scoria cone yzeld ages of greater than 200,000 years. Prelimi-
nary results of a TL age of a s0il zone exposed in the quarry at the
south end of the scoria cone indicate an age of about 15,000 to 20,000
years for most of the cone-forming eruptions, Geomorphic parameter data
for the scoria are consistent with an age of probably less than 20,000
years (Wells et al., 1988).

The accuracy and precision of soils studies cannot easily be estab-
lished. The method is not intended to date events but to provide con-
straints on the interpretation of the results of isotopic and numerical
geochronology methods. A major factor in applying the method is cali-
bration of rates of soil formation for the Yucca Mountain region. We
will attempt té calibrate this method using results from the local sites
in the Yucca Mountain region but additionally by cross-checking the
results of these studies with regional studies by other workers in
Quaternary geology. A major uncertainty for thie method is how the soil
can be correlated to volcanic events with an established chronology.
As noted in Section 3.2.1.7, preliminary studies of s0ils in the Yucca
Mountain region indicate that pedologic parameters determined in the
Cima volcanic £ield can be broadly applied in the Yucca Mountain region.

Studies in the Cima volcanic field ghow that pedologic data can be used
to evaluate the age of volcanic landforms and deposits that range from
1000 to several hundred thousand years old. Moreover, the availability
of age determinations provided by TL, rock-varnish, and 14¢ analyses of
pedogenic carbonate will significantly enhance our ability to calibrate
rates of soil development.

The major concerns with the interpretati.on of paleomagnetic data are the
quality of outcrops for collecticn of samples, the reproducibility of
measurements of field magnetization, and the suitability of the record
of secular variation to the problems of correlation of field volcanic
units. Crowe. et 2l., (1992) noted that the primary problems with
obtaining reliable samples of lava upits from the Lathrop Wells center
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for measurement of field magnetization directions were the availability
of suitable rock outcrop and overprint of the magnetic field by effects
of lightning. The outcrop problem involves finding samples of aa flows
that have not experienced rotation by post-cooling flow emplacement or
down-slope slumping from erosional processes. Holcomb et -al. (1986)
noted that pahoehoe lavas tend to give more reproducible measurements
of field magnetization directions than aa lavas. They suggested more
reliable results could be cbtained by sampling the interior lobes of aa
lava flows, if exposed. Holcomb et al. (1986), summarized sources of
between-site dispersion of measurement of field magnetic directions.
Thesge include experiment uncertainty {specimen orientation,
demagnetization, measurement of magnetization), averaging of intervals
of secular variation, errors in dating of wvolcanic units, local
ancmalies in the geomagnetic field, and post-magnetization rotation
{multiple causes). They suggested the total uncertainty of these
factors applied to studies of Hawaiian lava flcws is 4.4. Holcomb et
al. (1986), noted that the dating of recent lava flows is highly
uncertain for lavas >3,000 years. For cases where the secular variation
is unknown, paleomagnetic data provide little information on the ages
of events, but can be used as a tool for correlation.

Equipment

All the equipment needed for the geochronology activity is available at
LANL, the University of New Mexico, Lehigh University, New Mexico
Institute of Mining and Technoleogy, and Chio State University. This
equipment is listed below:

- potassium-argon equipment:

- gas source mass spectrcmeters,

- computer-instrumentation interface, and

- CO, laser Ar extraction system for total fusion and incremental
heating;

. 2387 230qy equipment:

- Frantz magnetic separator,

- rock grinder,

- Class 100 clean laboratory,

- Mettler semimicrcanalytical balance,

- single-focusing NBS-style 12-in. solid-source mass spectrometer,
- double-focusing NBS-style solid-source mass spectrometer,

- filament-degassing rig with turbo pump system, .
- HP integral computer, : .
- Q-switched CW TMOO 13-W Nd:YAG laser with internal cavity, )
- single-frequency CW ring dye laser, and

- laminar flow hoods for sample Qissoluticn;

. 3He/He equipment:

- static noble-gas mass spectrometer, model MinnMass, serial number
5;
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- gas extraction and purification system;

- double-walled vacuum sample melting furnace;
- - sample crusher; '

- ultra-clean pumping system;

- electron multiplier stack, Serial #5, with assocxated gas-handling

system;

- cryogenically cooled charcoal £inger for eeparation of noble
’ gases; and

- pressure transducers with traceability to FIST standards for
' calibration; ’

- thermoluminescence equipment:

TL reader including quartz window photomultiplier tube,
- optical filters,
- argon evacuation system,
- = multiple sample (20) irradiator with 9°s: and 244cp sources,
- thick-source alpha counters, ,
- £ield portable gamma spectrometer,
- high-speed centrifuge,
- Mettler balance, and
- wuranium and thorium standards for calibration;

. soils iaboratory equipment:

- mechanical splitters,

- Mettler balances,

- Sartorius analytical balance,

- hot plates, '

- pH meter, ]

- conductivity bridge.

- glasswvare for analytical routines,
- desk top centrifuges,

- mechanical crushers, and

- hand magnets; and

. palecmagnetic laboratory equipment:

- 2G Enterprise model 760R Superconducting Rock Magnetometer,

- 2G Enterprise alternating field degaussing system,

- Schonstedt instruments SSM-18 Spinner Magnetometer, and

- Sapphire instruments SI-2 Magnetic susceptibility and Anistropy

of magnetic susceptibility induction system.

reséntiveness ' ' ".
A major requirement for the geochromology studies is that the methods
used record or bound the crystallization age of basaltic volcanic
events. All methods selected for this study were chosen from & suite
of potential geochronology techniques because they provide the maximum
assurance that the measurements are feasible technically and the results
represent the ages of volcanic events. Multiple techniques are used so
that the results can be cocmpared for consistency. If agreement is
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obtained on age determinations using mult:.iple isotopic, radiometric, and
calibrated methods, a strong case can be made that the measurements
properly record the timing of ignecus events.

It is not now known with certainty whether any of the geochronology
methods will have the required precision or accuracy to provide ages of
late Pleistocene or Holocene volcanic events. However, these techniques
are judged to have the greatest potential for successfully tackling this
problem.

ivi 1 1 Fiel eoloqi u"
Approach

Geologic mapping will be used to provide samples and geologic controls
on the stratigraphic relations of samples for most of the geochronology
activities. It will also be used to establish the field geologic rela-
ticnships, volume of erupted volcanic material, and eruptive history of
basaltic volcanic centers in the Yucca Mountain region. Emphasis will
be placed on reexamining the field relations of the Pliocene and
Quaternary volcanic centers in the region to ensure that the major
(major being a function of volume) volcanic events have been correctly
identified and to determine how common polycyclic activity is for these
volcanic centers. A combination of procedures will be used to establish
the eruptive history of individual wvolcanic centers, including
conventional field mapping, studies of tephra in soil pits,
detexrmination of field magnetic directions of volcanic units (Activity
8.3.1.8.5.1.2, Geochronology Studies; Section 3.2), and evaluation of
gecmorphic degradation and soil development on volcanic units (Activity
8.3.1.8.5.1.2, Geochronology Studies; Section 3.2). Additional field
studies will be required to investigate the distribution and signifi-
cance of Pliocene silicic volcanism in the Mount Jackson, Stonewall
Mountain, and Grapevine Mountains areas. This will involve primarily
reconnaissance field studies of possible sites of Pliocene rhyolite vol-
canism and collection of samples for geochronology studies. The issue
of the future recurrence of silicic volcanism will be resolved on the
basis of field geologic studies. If no silicic volcanic centers of
Pliocene and Quaternary age are present in the Yucca Mountain region,
the possible recurrence of silicic volcanism will be judged not to be
an important issus for the potential Yucca Mountain site. Information
aiding this decision will be obtained from field geologic studies, from
exploratory drilling of aeromagnetic anomalies, and from Activity
8.3.1.8.1.1.3, Presence of Magma Bodies in the Vicinity of the Site.

An important activity for the field geologic studies will be the
collection of samples for the geochrcnology activity. These samples
will be collected during geologic mapping and during special sampling
trips in conjunction with investigators involved with individual methods
for the geochronolegy activity. Collection of samples will require

establishing the stratigraphic relatiocns of sampled units, evaluating
the surface ocutcrops of a volcanic unit to establish sample representa-
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tiveness, and avoiding secondary alteration. Samples will be located

on aerial photographs and described in field notebooks in accordance

with the methods deecribed in the detailed procedure for volcaniem field
studies (TWS-EES-13-DP-60€, standard procedure).

Color aerial phot:ogi'aphy has been obtained for the Lathrop Wells volcan-
ic center at a scale of 1:4000. Color aerial photographs (stereoscopic)
will be obtained for the Sleeping Butte volcanic centers (1:5000) and

- the basalt centers of Crater Flat (1:6000). Geologic mapping of volcanic

units will be completed on the aerial photographs, using a combination
of interpretation of stereoscopic photographs and tracing of geologic
contacts in the field. The mapping will be successively refined using
the results of the range of procedures described in Activity
8.3.8.1.5.1.2, Geochronology Studies (Section 3.2). A particularly

‘important tool for this activity is the palecmagnetic studies. Volcanic

units with identical field magnetic directions will be inferred to have
formed as a single eruptive event. Volcanic units with different field
magnetic directions will be inferred to have formed during time-distinct
volcanic eruptions. They will be mapped as separate volcanic units, and
we will attempt to determine their age using the techniques described
in Activity 8.3.8.1.5.1.2, Geochronology Studies (Section 3.2). A

preliminary geologic map of the Lathrop Wells volcanic center has been

prepared (Crowe et al., 1988) using partial results from previously

- conducted geochronology studies. The combination. of field and

geochronology techniques for studying the eruptive history of this
center hag proven to be extremely effective. Field studies of silicic
centers at Mount Jackson, the Grapevine Mountains, the Monte Cristo
Range, and the Stonewall Mountain areas will involve field checking of
existing geologic maps and an evaluation of geochronology data for the
volcanic units. Studies by other workers are in progress (funded
through other DOE programs) that may provide some of the field and geo-
chronology information needed for this task.

Geologic mapping on aerial photographs win be . transferred to .
topographic base maps using stereoscopic viewers and by wvisual
inspection. Digital topography data will be cbtained for the Lathrop -
Wells, Sleeping Butte, and Red Cone and Black Cone centers. These data
will be processed using the three-dimensional computer software package
SURFER. The scale of the base maps ©of these plots will be matched to
the scale of the aerial photographs to facilitate transfer of geclogic
information from the &erial photographs to the base maps.
Orthophotographe of the Sleeping Butte, Red Cone, and Black Cone centers
will be obtained. Mapping on these aerial photographs can be
transferred by direct overlay to the topographic base maps. Geologic
maps of the Lathrop Wells and Sleeping Butte volcanic centers w:.]:l be
produced for the following units: bedrock geology, alluvial and soil
units, and air-fall tephra units. A bedrock geologic map will be
produced for the Pliocene and Quaternaty wvolcanic centers ©of Crater
Flat.

Soil ‘p:Alf.s and trénches‘ cqxist_mcted at selected localities in the

Pliocene and Quaternary volcanic centers for Activity 8.3.1.8.5.1.3,
Geochronology Studies (Section 3.2), will be evaluated as part of the
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field geologic studies. Trench sites will be selected to validate con-
tact relaticns of air-fall scoria and geologic units at the Lathrop
Wells volcanic center 'and to expose contacts between units to look for
evidence of soils development. We expect to locate trenches in the
cinder quarry area at the southeast end of the scoria cone and along the
northeast-trending rift zone immediately north of the scoria cone. One
or two trench sites will be selected in alluvium deposits immediately
adjacent to the Lathrop Wells center. The purpcses of the trench sites
in alluvium will be to identify the number of tephra units in alluvium,
to examine the thickness and development of soil zones between tephra
units, and to attempt to correlate tephra units with ash deposits in the
trenches at and adjacent to Yucca Mountain (Activity 8.3.1.8.5.1.4,
Geochemistry of Eruptive Sequences; Section 3.4; and Activity
8.3.1.17.4.6.2, Evaluate Age and Recurrence of Movement on Suspected and
Known Quaternary Faults; Section 3.4).

Pr u

The following procedure will apply to the field studies:

-« Procedure for Volcanism Field Studies, TWS-EES-13-DP-606 (standard
proceduras) (revised version in technical review).

The skill and experience of the field geologist and the scale of the
geologic base map are the main parameters that affect the accuracy of
a geologic map. The precisicn of field geologic studies is prcbably
controlled in part by the scale of the geclogic map. The planned map
scales ars judged to be adequate to produce a precise geology map. A
high degree of accuracy of the geologic map will be obtained by multiple
cross-checking techniques for selecting map units and establishing the
eruptive history of the volcanic centers (combined field and geochron-
ology techniques). Additionally, the compiled geologic maps are field-
checked for accuracy through field review by independent field
geologists.

Equipment

Standard fisld equipment for geologic mapping is available at LANL.
This equipment includes

- Brunton compass;

- Leitz sterecscopic viewer for photogeology interpretation;

- color aerial photographs of the Lathrop Wells volcanic center,
including thes American Aerial Surveys, Inc., Lathrop Wells VC-Area
25 photography series, scale 1:4000, August 18, 1987, and EG4G’s
color aerial photographs 5826, scale 1:7370, September 10, 1987;

+ black-and-whits aerial photographs of the Crater Flat and Lathrop
Wellg area, including the American Aerial Surveys, Inc., USGS NTS
photography series, scale 1:12,000, September 28, 1978; and

- color aerial photography of the Sleeping Butte and Crater Flat
centers, already flown and processed.
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The field geologic data base will consist of geologic relationships

. recorded on aerial photographs and topographic maps, a5 well as observa-

tions and measurements recorded in field notebooks. Data reduction will
involve compiling geologic information on a topographic base map and
interpreting geologic relationships for inferring volcanic eruptive
mechanisms and the volcanic history of the centers. The geologic maps
will be compiled for individual volcanic centers for this activity.
Compilation of geologic maps on a regional scale is described in Study
Plan 8.3.1.8.1.1, Probability of Magmatic Disruption of the Repository,
Activity 8.3:1.8.1.1.1, location and Timing of Volcanic Events.

(3] ntativeness

One of the primary limitations of field interpretations of volcanic
centers is the degree of preservation of the volcanic deposits, which
is a direct reflection of deposit age. In general, the younger deposits
are preserved more completely. The Quaternary volcanic centers in the

- Yucca Mountain region are well preserved, with the exception of the
. morthernmost volcanic center of the 1.2-Ma volcanic sequence in Crater

Flat. A second major uncertainty is the volume of scoria-fall deposits
that were produced during scoria eruptions. These scoria-fall deposits
are removed by ercosicn, and their original volumes are difficult to

~estimate. We have modeled and bounded the likely volumes of these

scoria-fall deposits based on the geometry and the relations of thick-
ness versus distance of scoria-fall sheets of young and well-preserved
basaltic volcanic centers (Crowe et al., 1983b). Trenching will expose
buried tephra units around the flanks of the Lathrop Wells and Hidden
Cone centers, and we will construct isopachs of the grain size and
thickness of tephra unites to evaluate the potential volumes of these
units, wusing the tephra volume calculations of Pyle (1589) and
Fierstein and Nathenson (1989).

v - ; hem

&pproach

. There are two major approaches to thie activity. The first is to sample

and analyze the composition of volcanic units recognized from the field
geologic studies of -the Quaternary basaltic volcanic c¢enters of the
Yucca Mountain region. The: primary emphasis will be on the Lathrop
Wells and Sleeping Butte volcanic centers, the youngest known volcanic
centers in the region. We do mot currently plan to study the Pliocene
basalt of Crater Flat unless the results of field geologic studies
indicate that useful :lnfomation might be cbtained ftcm geochemical
studies of these centers.- ' g

Eruptive units (determined by the field geologic studies) will be
sampled and analyzed for their whole rock, major and selected trace
element, and mineral compositions in order to understand and document
the magmatic evolution of each center. Strontium and neodymium (and
possibly lead and oxygen) isotopic analyses may be obtained for selected
eruptive units. The choice of ‘isotopic systems for analysis will be
based on the results of geochemical modeling and the results of studies
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from Activity 8.3.1.8.5.5, Bvolutionary Patterns of Basaltic Volcanic
Fields. Emphasis will be placed on sampling all eruptive units (i.e.,
both scoria units and lava flows) to ensure that the complete range of
chemical variability of eruption products is established. The geo-
chemical data from the complete sequence of eruptive deposits will be
used to evaluate geochemical processes of magma formation. Special
emphasis will be placed on testing plausible geochemical models that may
lead to an increased understanding of the origins of polycyclic volcanic
centers. Specifically, are eruptive units at polycyclic centers geneti-
cally related, and if so, by what processes? Processes respensible for
polycyclic activity may include, but are not limited to, (1) repeated
partial melting of a mantle source, (2) fractionation of magma batches
in chambars in the lower crust or crust-mantle interface, and (3) poly-
baric fractionation of magma batches in the mantle and crust. These
processes should be distinguishable by analysis of geochemical data
{(e.g., Allegre and Minster, 1978; Camp and Roobol, 1989). An additiocnal
approach to understanding the processes and timing of the ascent of
basalt magma £from mantle socurce regions ' is through analysis of
2301 /2321y, varjations of basalt from different polycyclic episodes.
These isotopic variations may distinguish basalt that ascended directly
£rom mantle depths after partial melting and basalt that experienced an
interrupted ascent in crustal magma chambers (Condomines, Hemond, and
Allegre, 1988). The thorium isotopic data for this analysis will be
obtained through Activity 8.3.1.8.5.1.2, Geochronology Studies
{Section 3.2).

The second thrust of the geochemistry of eruptive sequences activity is

to attempt to identify the source of basaltic ash deposits in trenches

cut in alluvium in the Yucca Mountain area. The potential sources for
the ash include (1) the youngest eruptive event at the Lathrop Wells

center, (2) the pyroclastic eruptive events during the early evoluticn
of the lLathrop Wells center, (3) scoria eruptions associated with the

Red Cone volcanic center, (4) scoria eruptions agsociated with the Black
Cone volcanic center, and (5) scoria eruptions associated with the
northernmost volcanic center. We will sample scoria and ash deposits

from each eruptive event for these sources and will attempt to identify,

sample, and analyze (using XRF, IRA, and electron and proton microprcbe

analysis) reworked ash in alluvium from trenched expcsuras around Yucca

Mountain. Samples will be collected and analyzed (using XRF, INA, and
electron and proton microprobe analysis) for each ash deposit exposed
in the trenches. We will attempt to answer two questions for these

deposits. First, were the ash deposits in the trenches formed from one

or several volcanic events? Second, what is the volcanic scurce and age

of the ash or ash units in the trenches? This work will be coordinated
with Activity 8.3.1.17.4.6.2, BEvaluate Age and Recurrence of Movement

cn Suspected and Known Quaternary Faults. -

Methods

Field geology and geochrcnology- studies will provide the necessary
framework for choosing samples for each eruptive cycle of the Quaternary
volcanic centers. Samples of scoria, ash, volcanic bombs, or lava flows
representing each eruptive episode will be collected in order to char-
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acterize the magma compositions of each eruptive event. Samples will be
prepared for geochemical analysis according to the procedures set forth
in TWS-N5-DP-605, RO, Preparation of Powders from Rock, Cinder, and Ash
Samples (standard procedure). Whole rock, major element, and selected
trace element chemistry will be determined by XRF analysis. Additional
trace element chemigtry will be determined by INAA., - The 1list of
analyzed elements will include (but not be limted to)

« major elements: stoz, TiO,, Al,03, total iron as Feo. Mgo, Ca0, K20,
Kzo, PzOs, and MnoO; and

- trace elements. Cs, Rb, Ba, Sr, 'm, U, Bf, V, Sc, Ni, Co, Cr, Zr, La,
Ce, Nd, Sm, Eu, Tb, Yb, and Lu.

"Thin sections ' of samples will be obtained and the petrographic char-

acteristics of the volcanic rocks determined with a polarizing micro-
scope. Mineral chemistry will be determined by electron microprobe
analysis. Major and selected trace elements of tephra units will be
analyzed by electron and proton microprobe.

EZssgduses
The following procedures will be used in this activity:

» Thin Section Preparation Procedure, TWS-ESS-DP-O( {standard
procedure) ; i

- Preparation of Powders from Rock, Cinder, and Ash Samples, TWS-N5-DP-
605, RO (standard procedure);

- Procedure for X- Ray Fluorescence Analysis, TWS- ESS-DP- 111 (standard

procedure) ;

+ Microprobe Operating Procedure, TWS- BSS-DP 07 (standard procedure) ;

- .Analysis of Basalt Ash Using PIXE (Proton-Induced X-Ray Emissions)
(in preparation; to be in place 60 days before the start of QA lLevel
I work); and S

+ Procedure for Field- Geolog:.c Studies; - 'ms EES-13-DP- 606 (standard
procedure, :ev:laed procedure in techm.cel review) .

ccuracy and P igion

- XRF analyses generally have accuracies and precision of better than 5%

for major elements and better than 10% for selected trace elements that
are present above their detection limits. Microprobe analyses of
minerals and basaltic glass have accuracies and precision of better than
S¥. INAR routinely gives accuracies and precision of better than 10%
for a range of elements. The accuracies and precision of all measure-
ments. are considered adequate for the geoehem:.cal modeling of this
activity. ,

gﬂiggent

All the equipment and laboratory facilities needed are currently avail-
able, except for those needed to do INAA measurements. This equipment

includes
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-+ Olympus petrographic microsccpes with capabilities for thin section
studies under conditions of transmitted, polarized, and reflected
lighting; one microscope is equipped with photomicrograph capabili-
ties and an automated point-counting stage;

- thin section preparation facilities for constructing 30-micron slides
for petrographic studies and pohshed 30-micron slides for electron
microprobe analysis;

- rock-crushing facilities for crushing geologic samples for XRF
analysis and INAA;

- sample fusion facilities for preparation of glass pellets for XRF
analysis;

- Rigaku autcmated x-ray fluorescence unit for determination of major
and selected trace element analysis;

- electron microprobe for determination of mineral chemistry; and

- proton beam microprobe for trace element analysis of individual ash
grains.

A research reactor and gamma-ray-counting facilities, including computer
calibration programs, are available at LANL. However, INAA procedures
have not been standardized for basaltic volcanic rocks with our equip-
ment. These analyses will be performed under contract with an external
laboratory that has an established reputation for performing high-
precision INAA of geoclogic samples.

Data Analysis

Major element data will be listed as oxide percentages, and normative
mineralogy will be calculated as a weight percent and cation percent.
Normative mineralogy will be calculated with the computer program IGPET,
Versicn 1 (Carr, 1986), or an equivalent program whose results can be
checked against IGPET. Analysis of major and trace element data will
be through a variety of petrologic techniques, including variation dia-
grams, Pearce diagrams (Pearce, 1968), petrologic mixing medels, and
application of computer routines found in commercially available pro-
grams such as MAGMA86, Version 1.2 (Hughes, 1987), and IGPET, Versicn 1
{Carr, 1988). Statistical analysis of the geochemical data (univariate
and multivariate) will use the computer program SYSTAT, Version 4.1
(Wilkinson, 1988). Drill hole, major and trace element, and isotopic
data will be archived on a computer using a commercially available data-
base system. The computer systems used for these calculations are MS-
DOS compatible computers with numeric coprocessors.

2 9 ven

One uncertainty of the geochemical studies for this activity is whether
the information provided by the geochronology and field geologic studies
will be adequate to allow recognition and sampling of all major eruptive
units at the volcanic center. The combination of field and geochro-
nology methods for mapping volcanic units should provide a high degree
of confidence that all significant volcanic units have been recognized.
An additional source of uncertainty is whether geochemical modeling can
successfully distinguish between variations in basalt compositions that
result from mantle processes {melting and high-pressure crystallization)
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or crustal i:rocesées (low-pressure crystallization). These distinctions
will aid in forecasts of the nature and composition of future volcanic

-activity in the Yucca Mountain region. We cannot evaluate the signifi-

cance of thie area of uncertainty until the geochemical modeling has
been partly completed. Yet another source of uncertainty in the geo-
chemical studies is the possibility of secondary alteration of scoria
and lava so that variance in the geochemical data would not be produced
entirely by magmatic processes. We will reduce that uncertainty by
choosing samples with the least evidence of alteration. This uncer-
tainty can also be minimized by careful evaluation of data and elimina-
tion of samples that exhibit evidence of alteration. The geochemical
pattermns of basalt fractionation have been well establisghed in many
studies. Samples that exhibit patterns deviating markedly from magmatic
variation can be readily identified.

The majcr uncertainty in the second part of this activity is the con-
fidence level at which we can identify uniquely and correlate ash units
in fault trenches to their volcanic sources. This is a difficult

‘problem analytically because of the variability of glass compositions,
- the possibility of multiple sources of ash in the reworked deposits in

the trenches, and the mult:.ple possible exruptive sources for the ashes.

yo! [ Vi i s

Approach

Melting of a mantle source to produce basaltic magma occurs when the

- temperature of the source material rises above its solidus temperature.

There -are four major mechaniems that can cause this (Wyllie, 1988):

(1) temperature increase through regional heating or changes in the
stress field, (2) movement of source material by convection, (3) move-
ment of volatile components producing & lowering of the solidus curve
below the ambient temperature of the source, and (4) pressure release.
Each of these mechanisms is transient for most geologic settings, which
leads to the recognition, supported by numerocus studies of volcanic
fields, that surface volcanic activity is an episodic process. The
transitory nature of melting mechanisms requires that the physical and
geochemical characteristice of magma erupted in basaltic volcanic fields
change through time. This has long been recognized for Hawaiian

- volcanoes, which erupt alkali magma (nepheline normative) during the

early and late stages of development, separated by & long phase of
eruption of tholeiitic magma (hypersthene normative).

The approach of this activity is to study the evoluticnary patterns

" (time, space, magma effusion rates, volume, geochemistry) of continental

basaltic yvolcanic fields in the southwest United States to evaluate
temporal changes in the fields. We will test two questions that are
related to the ability to predict the nature of future basaltic volcanic
activity in the Yucca Mountain region. First, are there systematic pat-

‘terns to the initiation, evoluticn, and decline of activity in basaltic

volcanic fields? Second, can these patterns be used to evaluate the
current stage of activity of the basaltic field of Crater Flat and to
constrain the likely nature of future act:iv:.ty?
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Support for the approach to this activity is provided by past studies
of basalt fields of the Death Valley/Pancake Range volcanic zone and
studies of the Springerville volcanic field of the Jemez lineament.
Crowe et al. (1986) showed that the basaltic rocks of the Lunar Crater
volcanic field include eruptions of hy-normative and ne-normative magma
during the older stages of activity, with exclusively ne-normative
eruptions in the younger stages of activity. They showed that basaltic
volcanism in southern Death Valley is marked by a drastic decrease in
volume for the post-4-Ma record. Quaternary basalt of the region is
small volume, incompatible element enriched, and alkali. Condit et al.
(1989) showed that the Springerville volcanic field in eastern Arizona
went through a sgystematic pattexrn of evolution. Springexrville was
active for the last 3 million years, with the youngest activity dated
at about 0.3 Ma. The major volume of eruptive activity at the field
occurred during 2.0 to 1.0 Ma, with a marked decrease in volume less
than 1.0 Ma (Crowe and Perry, 1990). Basalt compositions of the field
include alkali olivine basalt (and evolved alkalic rocks) during the
earliest stages of activity, with mixed alkalic-tholeiitic rocks in the
middle stages of activity. The waning stage of activity was character-
ized by a decline and cessation of tholeiitic activity, with continued
eruption but associated volume decline in alkali olivine basalt.

The apprcach of this study is to compile geologic data frocm the liter-
ature and cbtain original data where required on the volcanic evolution
of post-Miocene volcanic fields of the southwest United States. The
following parameters will be evaluated for individual veolcanic fields:
(1) age of volcanic activity, (2) location and time-space migratiocn of
volcanic vents, (3) volume (dense-rock equivalent) of volcanic units,
(4) dimensions of lava flows and scoria cones to constrain magma effu-
sion rates, and (5) the geochemistry of erupted basalts and scoria.

The selection of volcanic fields for study will be based on the
following criteria:

« The volcanic fields will be of predominantly basaltic composition.

+ The volcanic fields will be in the Basin and Range geologic province
or marginal areas.

- Preference will be given to volcanic fields of closest proximity to
the Yucca Mountain region. The oldest volcanic activity will be less
than 10 Ma.

- Emphasis will be placed on selecting volcanic fields that are the
most analogous to the Crater Flat volcanic field (small volume,
alkali basalt).

- Emphasis will be placed on choosing volcanic fields that exhibit
evidence of being extinct (no erxruptive activity for a significant
period of time). This will allow us to evaluate patterns of volcanic
activity associated with a waning volcanic field.

- Praference will bs given to volcanic fields that have available
geologic data (age control, chemical analysis, geologic mapping) to
reduce the study time required for this activity.

Not all volcanic fields will be expected to meet all criteria in order
to be studied. Studies for this work have already started at the Lunar
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Crater ({central Nevada), Cima {Mojave Desert, California), and
Springerville (central Arizona) volcanic fields. Other volcanic fields
and centers likely to be studied include the small volume centers of the
Ubehebe Craters, Split Cone, Pisgah Crater, and Amboy Crater, as well
as the Saline Valley and Big Pine fields (all in California) and
baszaltic volcanic fields near St. George, Utah.

Using the geologic data base for the fields, we will develop & range of
models for the evolutionary patterns of volcanic fields. Emphasis will
be placed on’'models that can be tied to mechanisms associated with the
initiastion and development of episodes of magma generation in the
mantle. Predictions from each model will be compared with the geologic
data set for the Crater Flat volcanic field to determine how the model
could constrain predictions of future volcanic activity.

Methods

The primary method lin : cohducting this activity will be to compile
existing data from the geologic literature and identify what data are

-needed to evaluate the evolutionary patterns of the fields. Field, geo-

chronologic, and geochemical studies of basalt fields will be undertaken
vhere existing data are insufficient to establish the geologic history
and geochemical evolution of a particular field. Samples will be
collected for K-Ar age determinations and geochemical analysie using the
techniques described in Activity 8.3.1.8.5.1.2, Geochronology Studies
{Section 3.2), &and Activity 6.3.1.8.5.1.4, Geochemistry Studies of
Eruptive Sequences (Section 3.4). The number of samples collected for
these measurements will depend on the complexity of the volcanic fields.
We will attempt to ensure that sufficient samples are measured to

‘establich the age and geochemical record of volcanism for each volcanic

field.

Geologic maps will be prepared for the volcanic fields, using literature
data, analysis of stereo aerial photographs, and field investigations.
The scale of the map compilation will be about 1:50,000. to 1:100,000,
depending on the size of the volcanic field. The dimensions of lava
flows and scoriea cones will be determined from topographic quadrangle
maps and from aerial photographs. Samples will be collected where
required for major element and selected trace element geochemical
analysis using the techniques described in Activity 8.3.1.8.5.1.4,
Geochemistry Studies of Eruptive Sequences (Section 3.4).

Procedures

‘The following procedures will be used in this activity:

. Procedure for Volcanism Field Studies, TWS-EES-13-DP- 606 (standard
procedure) {(revised version in technical review);

+ - Procedure for Geomorphic F:Leld Studies, TWS-N5-DP- 606, RO (standard

procedure) (in review);:

» ‘Procedure f£for.  Soil Field Studies. TWS-NS-DP-GO:, RO (standatd

procedure) (in review); : ,
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+ Thin Section Preparation Procedure, TWS-ESS-DP-04 (standard
procedure) ;

- Procedure for X-Ray Fluorescence Analysis, TWS-ESS-DP-111 (standard
procedure) ;

-  Potassium/Argon Dating, NWM-USGS-GCP-06;

- Analysis of Basalt Ash Using PIXE (Proton-Induced X-Ray Enuss:.on) {in
preparation; to-be in place 60 days before the start of QA level I
work) ; and

- Preparation of Powders from Rock, Cinder, and Ash Samples, TWS-N5-DP-
€05, RO (standard procedure).

Accuracy and Precisgion

XRF analyses generally have accuracies and precision of better than 5%
for major elements and better than 10% for selected trace elements
(strontium, rubidium, and zirconium) that are present above their detec-
tion limits. INAA routinely gives accuracies and precision of better
than 10% for elements of interest. The accuracies and precision of all
measurements are considered adequate for the purposes of this activity.

Ecuipment

All the equipment and laboratory facilities needed for this study are
now available, except for those needed to do INAA measurements. This
aquipment includes

- Olympus petrographic microscopes with capabilities for thin section
studies under conditions of transmitted, polarized, and reflected
lighting; one microscope is equipped with photomicrograph capabili-
ties and an automated point-counting stage;

- thin section preparation facilities for constructing 30-micron slides
for petrographic studies and polished 30-micron slides for electron
microprobe analysis;

- rock-crugshing facilities for crushing. geologic samples for XRF
analysis and INAA;

- sampla fusion facilities for preparation of glass pellets for XRF
analysis;

- Rigaku automated x-ray flucrescence unit;

- electron microscope; and

- potassium-argon instrumentation:

- gas source mass spectrometers,

- computer-instrumentation interface, and

- €O, laser Ar extraction system for total fusion and incremental
heating. K

A research reactor and gamma-ray-counting facilities, including computer

calibration programs, are available at LANL. However, INAA procedures

have not been standardized for basaltic volcanic rocks with our equip-

ment. These analyses will be performed under contract to an external

laboratory that has an established reputation for performing high-

precision INAA of geologic samples.
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Pata Analvsig

Potassium-argon age determinations and major and selected trace element
analysis will be obtained following the detailed procedures described
in Sections 3.2.2 and 3.5.3. These data will be evaluated statistical-
ly, using selected codes of SYSTAT, Version 4.1. Normative calculations
will be obtained for major element data using IGPET, Version 1 (Carr,
1986), and Magma86, Version 1.2 (Huges, 1987), Field geologic maps will
be compiled from aerial photographs and from published maps to topo-
graphic quadrangles. Lava flow and scoria cone dimensions will be
compiled from these maps. The maps will be digitized ueing a Series 151
Image analysis system. Thickness data will be added to the digitized
map data using a combination of contour data from topographic quadran-
gles and field measurements of thicknesses of volcanic unitg., The
digitized data will be converted into an ASCII format and imported into
the SDS, Version 2.0. This software package for three-dimensional
surface and contour plotting will be used to define the geometry of the
top and bottom surfaces of volcanic units and to calculate the volume
of the units. :

Repregentativeness

This activity will attempt to evaluate future volcanic activity in the
Yucca Mountain region based on the assumption that past patterns of
volcanic activity in other volcanic fields provide a representative
model of likely future activity in the Yucca Mountain area. Three major
uncertainties are associated with this assumption. First, how many
volcanic fields must be examined to determine if there are systematic
patterns to the evolution of basaltic volcanic fields? Second, are the
patterns of waning volcanic activity at volcanic fields sufficiently
systematic that they can be documented with certainty and applied to the
Yucca Mountain gite? Third, is there & sufficient geologic record of
volcanism in the Yucca Mountain region to evaluate the stage of devel-
opment of the basalt field? The significance of these uncertainties
cannot be established until we begin to obtain further data for the
Crater Flat volcanic field and other volcanic fields.
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4.0 APPLICATION OF RESULTS

The work performed under this study plan will provide informaticn to address (1)
information needs for Issue 1.1 related to the performance of the mined geologic
disposal system, {2) information needs for Issue 1.8 related to favorable and
potentially adverse conditions required by 10 CFR 60.122 (NRC, 1986), and (3)
information needs for 1Issue 1.9 related to qualifying conditions of the
postclosure system guidelines and the disqualifying and qualifying conditicns of
the technical guidelines for tectonics provided in 10 CFR 960 (DOE, 1986a).
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INFORMATION FEEDS FROM AND REQUIRED INFORMATION FOR STUDY PLAN £.3.1.8.5.1,

CHARACTERIZATION OF VOLCANIC FEATURES

Study Plan Activity __(Activity Needing Data)

.8.3.1.8.1.1.1, Location

Volcanism Drill
Holes

Geochronology

Studies

Field Geologic
Quaternary Studies

Information Feeds

Required Information

for Study Plan

and Timing of Volcanic
Events; 8.3.1.8.1.1.4,
Probability Calculations
and Assessment

8.3.1.8.3.1, Analysis of
the Effects of Tectonic
Processes and Events on
Average Percolation Flux
Rates Over the Repository

8.3.1.8.1.1.1, Location
and Timing of Volcanic
Events

8.3.1.8.1.,1.4, Probability
Calculations and Assess-
ment

8.3.1.8.1.1.1, Location
and Timing of Volcanic
Events

8.3.1.8.1.1.2, Evaluation
of the Structural Controls
of Basaltic Volcanic Ac-
tivity

8.3.1.8.1.1.4, Probability
Calculations and Assess-
ment

8.3.1.8.1.2.1, Effects of
Strombolian Eruptions

8.3.1.8.1.2.2, Effects of
Hydrovolcanic Eruptions

£.3.1.17.4.7, Subsurface
Geometry &and Concealed

Extensions of Quaternary
Faults at Yucca Mountain

8.3.1.17.4.12, Tectonic
Models and Synthesis

8.3.1.17.4.4, Quaternary
Faulting Proximal to the
Site Within Northeast-
Trending Fault Zones

8.3.1.17.4.6, Quaternary
Faulting Within the Site
Area

8.3.1.17.4.7, Subsurface
Geometry and Concealed

Extensions of Quaternary
Faults at Yucca Mountain

8.3.1.17.4.12, Tectonic

. Models and Synthesig °
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INFORMATION FEEDS FROM AND REQUIRED INFORMATION FOR STUDY PLAN 8.3.1.8.5.1,
CHARACTERIZATION OF VOLCANIC FEATURES

(concluded)

Study Plan Activity

Geochemistry of
Eruptive Sequences

Evolutionary Pat-
terns of Basaltic
Volcanic Fields

Information Feeds

(Activity Needing Data)

" 8.3.1.8.1.1.4, Probability
Calculations and Assess-
ment

8.3.1.8.1.1.3, Presence of
Magma Bodies in the Vicin-
ity of the Site

8.3.1.17.4.6, Quaternary
Faulting Within the Site
Area

8.3.1.8.1.1.4, Prcbability
Calculations and Assess-
ment

Required Informatiocn

for Study Plan

8.3.1.17.4.6, Quaternary
Faulting Within the Site
Area

8.3.1.17.4.12, Tectonic
Models and Synthesis

-
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§.0 SCHEDULE

The milestones for Study Plan €.3.1.8.5.1, Characterization of Volcanic Features,
are listed below by activity. A tentative schedule for accomplishing this work
is given in Figure 3. As detailed below, many uncertainties influence this
schedule. (The milestones and corresponding schecdule have not been formally
incorporated into the Yucca Mountain Milestone Data Base.) The primary objective
of activities for this study is to produce data for Study 8.3.1.8.1.1, Probabil-
ity of Magmatic Disruption of the Repository; reference to that study ic required
to understand the logic of the activity milestones of this study plan.

The primary use of data from this study is twofold: First, to ensure that the
geologic record of significant volcanic events in the Yucca Mountain region is
recognized and described as a part of a comprehensive gite characterization
process, and second, to establish the chronoclogy of those events and the corre-
sponding volume of the eruptive units with an acceptable degree of certainty.
These parameters define the y- and x-axes, respectively, on a plot of the cumula-
tive volume of magma versus time. The accuracy in the measurement of these
parameters controls the uncertainty of the calculation of magma effpsion rates.

The schedule of this study is dependent on conducting a full site characteriza-
tion plan as described in the SCP (DOE, 1988). The present schedule of initia-
tion of these activities cannot be precisely defined. The first activities we
will be performing are to complete detailed chronology studies and field geologic
mapping of Pliocene and Quaternary volcanic centers in the Yucca Mountain region.
The pricrities for this work are established on the basis of the age of the vol-
canic centers (the centers are studied in order of increasing age) and proximity
to Yucca Mountain (the centers are studied in order of increasing distance from
the Yucca Mountain gite). Based on these criteria, the sequence of study of the
volcanic centers is Lathrop Wells, Sleeping Butte, 1.2-million-yecar-old centers
of Crater Flat, 3.7-million-year-old centers of Crater Flat, and Buckboard Mesa.
We anticipate completion of the mapping &nd geochronology of these centers within
3 calendar years of start of work, assuming no significant delays in the develop-
ment of geochronology methods. The geochemistry of eruptive sequences should be
completed within this time. However, two activities could affect the schedule.
First, the software and development plans for control of the analytical
instrumentation for geochemical analysis are being reassessed. -If there are
delays in implementing these plans, this activity will be delayed. Second, we
cannot currently plan a completion schedule for basaltic ash correlation studies
of this activity until more work has been completed on development of analytical
techniques and methods of establishing ash-source correlations. The activity on
evolution of volcanic fields will extend sbout 4 years into the study. Its
successful completion will depend on how much information is available from the
geologic literature. We cannot predict the timing of completion of the volcanism
drill holes. Ve estimate that the task can be completed within 2 calendar years
of the restart of the drilling program, if the volcanism holes remain a high-
priority task. )

5.1 and gm es

The schedule of the volcanism drill holes is tied to the overall
drilling exploration program for Yucca Mountain. Current planc are for
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the volcanism drill holes to be a high-priority task of the drilling
schedule; they would be among the first holes drilled when drilling
activities resume. The schedule of milestones for this activity is tied
to the start-up date of exploratory drilling. Specific dates cannot be
provided until the schedule for resumption of drilling is known.

- Report on the stratigraphy of the Volcanism Series holes. This
report will be completed 3 months after completion of the drilling
of V-5 (or V-4 if V-5 is not drilled; this decision will be based on
the results of ground-based geophysical studies at the V-S site).

- Geologic, petrologic, and geophysical report on Pliocene and Quater-
nary volcanic rocks in the Volcanism Series holes. This report will
be completed 1 year after completion of the drilling of V-5 (or V-4
if V-5 i not drilled; this decision will be based on the results of
ground-based geophysical studies at the V-5 gite).

c h 1 i di

" parts of the Qeoéhronology ‘studies require construction of trenches at

the Lathrop Wells, Sleeping Butte, and Crater Flat volcanic centers.
These activities cannot be started until pexrmission is received to start
the full gite characterization program.

. Feaéibiiitybr.eports on the &pplicationb of the U-Th, 3He/%He, and TL
techniques for geochronology studies of the basalt of the Yucca Moun-
tain region.

+ letter report on the results of conventional K-Ar studies of the
basalt of Solitario Canyon.

-+ Summary report on the geochronology of the Lathrop Wells volcanic
center.

-+  Summary report on the ggochrondlogy of the Sleeping Butte volcanic
centers. '

. Sﬁmﬁary report on the geochronoclogy of the basaltic volcanic rocks
of Crater Flat.

+ Summary report on the age of the youngest silicic volcanic rocks in
the Yucca Mountain region. This report is dependent on the results
of the volcanism drill hole activities. It will be completed 1 year
after the completion of the Volcaniem Series holes.

Lc;ixi;x’ 8.3.2.8.5 ,1' ,3< . Field Geologic Studies .

pParts of the field geologic studies require construction of trenches at
the Lathrop Wells, Sleeping Butte, and Crater Flat volcanic centers.
These activities cannot be started until permission is received to start
the full site characterization program. '
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+ Geoclogic map and eruptive history of the Sleeping Butte volcanic
center.

- Geologic map of the 1.1-million-year-old volcanic centers of Crater
Flat.

- Tephra studies of the Lathrop Wells and Sleeping Butte volcanic
centers.

- Geologic ﬁap of the 3.7-million-year-old volcanic centers of Crater
Flat.

- Geologic map of the Buckboard Mesa basalt.

Activity 8.3.1.8.5.4, Geochemistry of Eruptive §g§ggngg§
The schedule for this activity is dependent on revising of the software
procedure for operation of analytical instrumentation. If this

procedure is delayed, it will result in delays in this activity.

- Report on the petrologic studies of the Lathrop Wells volcanic center
{not including isotopic studies).

- Report on the petrologic studies of the Sleeping Butte volcanic
center (not including isotopic studies).

- Report on the pestrologic studies of the Crater Flat volcanic centers
{(not including isotopic studies).

|
- Report on the petrologic studies of the Buckboard Mesa basalt (not
including isotcopic studies).

 Report on the isotopic composition of Pliocene and Quaternary
volcanic centers of the Yucca Mountain region. The schedule of this
report is dependent on completion of the volcanism drill holes.

+ Report on the identity, composition, and source of basaltic ash
deposits in trenches in the Yucca Mountain region. The schedule of
this report is dependent on further evaluation of techniques for
analysis and correlation of ash units.

Activi 1 1 olutiona Pattern £ Basaltic Volecan
Fields

- Report on the avoluticnary patterns of volcanxc fields of the Death
Valley/Pancake Range volcanic zcne.

- Report on the evoluticnary patterns of wvolcanic fields of the
southern Great Basin and adjoining parts of the Basin and Range
province.
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APPENDIX A

QUALITY ASSURANCE MEASURES APPLICABLE TO

STUDY PLAN 8.3.1.8.5.1

The work performed under this study plan is graded in Los Alamos Grading Report
32, Postclosure Tectonics, WBS 1.2.3.2.5.

Quality Assurance requirements are stated in Title 10 of the Code of Federal
Regulations, Parts 50; 60, 71, and 72. The Office of Civilian Radioactive Waste
Management issued the Quality Assurance Requirements and Descriptions (QARD) to
provide a framework consistent for implementing quality assurance programs at
every level within the Civilian Radicactive Waste Management Program. Los Alamos
implements the requirements of the QARD through Quality Administrative Procedures
{QPs) . The following QPs apply to the work performed under this study plan:

TWS-QAS-QP-01.1,
LANL- YMP-QP-01.2,
LANL-YMP-QP-01.3,
TWS-QAS-QP-02.3,
LANL-YMP-QP-02.4,
LANL-YMP-QP-02.5,
TWS-QAS-QP-02.7,
LANL-YMP-QP-02.9,
LANL-YMP-QP-02.11,
LANL-YMP-QP-03.5,
TWS-QAS-QP-03.7,
LANL-YMP-QP-03.23,

LANL-YMP-QP-03.24,
LANL-YMP-QP-03.25,
LANL-YMP-QP-04 .4,
LANL-YMP-QP-04.5,
LANL-YMP-QP-06.1,
LANL-YMP-QP-06.2,

LANL-YMP-QP-06.3,

LANL-YMP-QP-08.1,
LANL-YMP-QP-08.3,
LANL-YMP-QP-12.1,
TWS-QAS-QP-13.1,
TWS-QAS-QP-15.2,
LANL-YMP-QP-16.2,
LANL-YMP-QP-16.3,
LANL-YMP-QP-17.4,
LANL-YMP-QP-17.5,
LANL-YMP-QP-18.1,
TWS-QAS-QP-18.2,
TWS-QAS-QP-18.3,

Interface Control Preccedurs

Stop Work Control

Conflict Resolution

Procedure for Readiness Review

Management Assessment

Selection of Personnel

Personnel Training

Personnel Proficiency Evaluations

Perscnnel Orientation

Documenting Scientific Investigations

Procedure for Peer Review

Preparation and Review of Technical Information Products and
Study Plans

Submittal of Design and Test-Related Information
Review of Design and Test-Related Information

Procurement of Commercial-Grade Items and Services
Procurement of Noncommercial-Grade Items and Services
Document Control

Preparation, Review, and Approval of Quality

Administrative Procedures

Preparation, Review, and Approval of Detailed Technical
Procedures

Identification and Control of Samples

Transfer of Data

Control of Measuring and Test Equipment

Procedure for Handling, Storagé, and Shipping Equipment
Deficiency Reporting .

Trending “
Deficiency Reports : .

" Records Preparation

Records Processing

Audits

Surveys

Auditor Qualification and Certificatiocn
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