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'UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL. SURVEY.

PRELIMINARY ASSESSMENT OF THE RISK OF VOLCANISM AT A PROPOSED NUCLEAR
- WASTE REPOSITORY IN THE SQUTHERN GREAT BASIN

By
S . Bruce M. Crowe-and W. J. Carr

- ABSTRACT

Volcanic hazard studies of the southern Great Basin are being conducted on behalf of the -
Nevada Nuclear Waéte Storage Investigations program. Current work i§‘chief1y concerned with
characterizing the geology, chronology, and tectonic setting of Pliocene and Quaternary
volcanism in the Nevada Test Site regionm;, ahd assessing volcanic risk through consequence
and probability studies, particularly with respect to a potential site in the southwestern
Nevada Test Site. '

“Young (<5.m.y.) basaltic volcanism in the Great Basin is present along the margins of -

" the province and within a discontinuous, northeast-trending be¥t that extends through the
Nevada Test Site. Basalt volcanic centers in the southern Great Basin are most common in:
(1) ring-fracture- zones of cadldron.cqmpiexes, (2} rift grabens that cut cauldron complexes,
and (3) rift grabens outside: volcanic source areas. ’

Rates of basaltic volcanism determined. for -the southwestern Nevada Test Site region vary
according. to. assumptions concerning vent counts and chronology. However, all approaches
yield rates on the order of 10~8 volcanic. events per year. Based on this rate, the annual

A .probability of disruption of a-10-km repository Iocate¢.within a 25-km radius circle
centered at Yucca:Mountain,. southweﬁtern~NevadasTest,Sjte, is 1078, & larger area, 50-km

_ radius,.yields a disrugtion. probabitity of ]O'Q"per year. Current tectonic zonation studies

" - of the southern Greét,Basin-ijI'reduce-the;carculated;probabilitiesvof basaltic eruption

for certain areas. ‘ ) o

. INTRODUCTION

An-important part’ of the Tectonics, Seismicity, and:Volcanism subtask of the Nevada
Nuclear Waste Storage-Investigations program:is an-evaluation of the potential for recurrence
. of volcanism: in thes NTS. (Nevada Test. Site) and southern Great Basin region. Specifically,

' this. investigation is presently assessing the potential risk that future velcanic activity

- may represent‘tOflong-termzstpragerof radicactive waste in the-southwestern part of the Nfs.
.Geologic and geochronologic. studies: of the volcanic history of the NTS region, with special
emphasis. on- the basaltic: volcanic cycle of Crater Flat, are being conducted by the USGS
(U.S;'Geo1ogﬁca1 Survey) and.LASL (Los Alamos Scientific Laboratory). This report summarizes
the status of the volcanic hazard.study,‘andﬁinclydés'a preliminary evaluation of volcanic-
risk assessment with respect to siting of a radioactive waste repository within a block
presently being explored in the northern part of Yucca Mountain.. ‘
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wé'are,using~a twb-fold‘apprqach to the volcanic hazard question. First, geologic
studies are directed toward characterizing the~geo]dgy, chronology, occurrence, and tectonic
' setting of Pliocene and Quaternafy (<5.m.y.) volcanism within the southwestern NTS region.
Second, such data are used for risk assessment, examining botﬁ the consequences of volcanic
disruption of a waste repository site and the:probability of such disruption,. following a

L ) methodo]ogy deve]oped for the waste Isolation Safety Assessment Program (Crowe 1980)

_ Volcanism, or magmat1c act1v1ty,;represents a catastrophic type of disruptive eventt
That:is,:if magma. penetrates- a waste repository, disruption is virtually instantaneous and -
. there- is a great potential for rapid and ‘widespread transport of radionuclides to and. within

the  biosphere.. Volcanic disruption of a repository is clearly of concern, and for: this
reason we have focused the current studies on attempts to define the range of probability
values for magmatic disruption’ of a repository. site at Yucca Mountain. These values can be
'used to evaluate the .safety question of waste storage with several levels of interpretation:
1. Low Probability.-=If the probability range is. sufficiently sma11,‘v01tanism may not
be a-critical safety issue..-The value or range of a "sufficient]y small” probability -
- remains: to be defined.. » : ,
2. High Probability.--1f the: probab111ty va1ue is relat1ve1y 1arge, risk of vo]can1sm
could potent1a11y d1squa11fy arsite. Aga1n the: magnitude -of a large probability
) -is; undefined. for volcanic.'risk,. but we suggest it may- fall in the range of >10" 6/year
: '3.‘AModerate Probability.-~If the: probab111ty range- is moderate, additional detailed.
T _studles such.asrb1odose ca]culat1ons_w111 be required to.carefully define volcanic
- risk. o o e S S s

" VOLCANISM OF CRATER FLAT , |
- CtéteF-F]at is'an:intermo;tahe basin 5-20 km west and: southwest of the'proposed ’ )
Yucca- Mountain: site, area-(fig. 1).. It:is. bounded. on: the east by Yucca Mounta1n on the
north-by hills of ash- flow tuff and lava- fringing the’ southwest side of the: ‘Claim Canyon
 cau1dron segment (Byers and. others, 1976), on the west: by. Bare Mountain, and on the south
_by an. arcuate’ ridge: of volcanlc rocks extend1ng between- Bare Mountain- and- Yucca Mountain.
Crater Flat.is drained .to the south through a: small gap: near the: point where the arcuate
_ridge  joins the southern part of Yucca- Mountain (fig. 1). _
Numgrous,\small_vo]can1c.centers:of basaltic COmposition marked by cones, associatéd ,
1av$.flows,,and‘feeder-dikes are-exposed within the: central and. southeastern-parts of:Crater
Flat-.(fig. 1). These-arerreadi1y=$ubdividedainto<three‘age*gfoups"on=the-bésiS‘of:morphol;
ogy-aione.. - The,location of the;vo]canic'centers‘issprobab1y controlled by- a. combination of
structural. regimes.. A northeast-trending. structural” arc .is- defined by the alignment of
Little-Cones., Red. Cone,. Black -Cone, and’ the-northernmost of the. volcanic centers (unnamed,
~ fig.. 1). These'centers. consist of* small dissecteg,Stfombolian,cinder*cones;(10~toz30 percent
dissection): that are?f1ankedvandﬁpart1yuencifcled'byjplocky aa.lava flows. The northeast
structural arc of basaltic .cones may have occurred along one of a system of faults of this
trgndstﬁat'are'present along the Walker Lane fault system. in the southern NTS. area (Carr, .
1974).. In.southeastern Craten-F1at:a.secondrsettinngfvvo]canic~cgnters is. marked: by



north-south trending vent zones that probably'follow basin-range faults, as mapped on figure 1.
These, the oldest of the exposed centers, consist of north-south trending feeder dikes, near-
vent basaTtic‘scoria deposits, and associated lava flows. The deposits represent the eroded
roots of older: cinder conés which were. probably comparable to the: Red Cone-Black Cone
centers. The third and youngest center- is the Lathrop Wells Cone (f1g 1), whi¢h consists

of a virtually undissected Strombo]1an cinder cone flanked to the east and south by aa 1ava
flows. A small area of base-surge deposits exposed on the northwest side of the cone records
an episode of phreatomagmatic act1v1ty that probably occurred dur1ng an ear]y stage of
development of the Lathrop Wells center. This cone may be at the intersection of.
north-south- trend1ng basin-range faults and.an inferred arcuate volcanic structure (ring-
fracture.-system?) that may control the arcuate trend of the ridge at the south end of Crater
Flat. However, the présence and possible influence of an old, buried-volcano tectonic
depression on ‘the Tocalization- of basalt centers in Crater Flat remains to be determined.

Aeromagnetic patterns determined. from a Tow-altitude aeromagnetic survey suggest. the ‘

presence of several volcanic centers buried beneath basalt.and alluvial deposits of Crater
Flat. These. inferred centers, shown as stars on-figure 1, are presumed to be of basaltic.
composition. - However, -the large amplitude of ‘the aeromagnetic anomaly for the inferred
buried center west of Black Cone suggests 1t‘may be of more silicic (rhyol1t1c)
_composition. Exploratory drilling will be required to establish the: complete volcanic
h1story of Crater Flat.

AGE' OF VOLCANISM

K-Ar whole-rock ages for the bésaltjctvolcaniC'rocks of'Crater-F1at‘have been detérﬁined
for several of the.volcanic centers. The ages range from about 1.4 m.y. for the Black Cone’
‘. volcanic. center to about. 0.24:m.y. for the lava. flows erupted from the Lathrop We1ls Center.
Magnetxc—po]arity determ1nations have-been made for all the exposed basaltic centers of
Crater Flat. All but the. Lathrop Wells center are- reversely magnet1zed Based on K-Ar ages,
the reversely magnet1zed centers probably fall within the Matuyama reversed polarity-epoch ‘
(Cox, 1969) and are thus between about 0. 7 m.y. and. 2.5 m.y= old (ages based on recalcula-
tion of K-Ar polarity. time scale, necessmtated by: a- change inm constants,used in K<Ar dating’
(E. A. MankinenandG. B. Dalrymp]é;writtencommun.,1977». It is possible that the dissected
volcanic- centers, in the eastern half of Crater Flat (fig. 1); may be significantly older
than the Little Cones-Black Cone arc. The o]der cones ‘may, therefore, record the Gilbert
reversed epoch (>3.4:m.y.). This poss1b111ty remains. to be tested by K-Ar dating. The
Lathrop Wells. center is:normally magnetized.‘cons1;tent with its K-Ar ogerof 0.24 m.y.
(Brunhes polarity epoch)}: The source of an apparent normal magnetic.anomaly beneath alluvial
deposits Just east of Red Cone (fig. 1) must bex1nréstigated by drilling.

- - PROBABILITY CALCULATIONS

. Calculation of the-annual probabiiity of both the occurrence of an eruptive event .and
the intersection of a waste repos1tory by that volcan1c event is a case of cond1t1ona1
probability:

PYotcanic D_,isnrfuption?RXA
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where- R is a rate of voicanism and- A is an area ratio defined as the area of a repository
or the area of an appropriate. volcanic d1srupt1on zone (wh1chever is larger) divided by the
area for which. the rate applies. The area ratio- (A) can be approximated with some accuracy,
‘ although. there are numerous aSSumpt1ons with respect to dimensions of appropriate disruption
" zones. The: major problem with the calculation is establishing a rate of volcan1c act1v1ty
that is applicable for a cons1derab1e ]ength of time- (>105'years) )

RatevCalculations '

Numerous- assumptions are;requtred to.caicuiate'rates of,vole:njsm for the region surround-
'ing the.Yueca Mountain (fig. 3) siteu‘JThe,ayai1ab1e K-Ar ages of the volcanic. centers are '
insufficient at. present. to establish a vo]canic>reeurrence interval. ’Moreover; it may be
difficult to’ obta1n sufficient age data to ca]culate recurrence- intervals due to ana]yt1ca1
prob1ems 1nherent in whole-rock K Ar- dating of basalts younger than about 2 m.y. However,
approx1mate rate calculations can be determined using the magnetic polarity t1me scale.

"~ . There. are 14- recognizable .PTiocene and Pleistocene basaltic volcanic centers, including -
three buried: centers, within a 25-km-radius circle-drawn. with the center -at the northern part’
‘of Yucca Mountain. 'This'nuhber may. be. as _great. as- 18 or as -small as 10 (14%4 volicanic centers--
a more prec1se number would  require extens1ve geophysical exp]orat1on and drilling). For -
compar1spn, a,50-km -radius circle includes about 18 centers. - As thé oldest centers within the:

. 25-km circleé arevhagnetically-reversed' they are probably'between’0'7 and 2.5 m.y. (Matuyama
reversed: epoch) or odder than- 3.4°m.y. (Gilbert reversed polarity epoch). The ~age of ‘these:

" basalts: ‘will be more accurately def1ned by K- Ar dating in progress, but for this report we

have: made- the- conservat1ve assumpt1on that they are-no o]der than.2.5 m.y. Assum1ng that. the
" rate of vo]can1sm has been ‘constant for the last-2. .5 m.y., and that-this rate can be: pro;ected
into the future, ‘a-rate: cdlciilation can be made as- fo]]ows

i RR tﬂ_14 vo1can1c centers

T © 12.5X108 years

© =5, 6X10;5/year

Two-things. need to be emphas1zed concern1ng the- assumpt1ons 1nvo1ved in this: calcu]at1on
First,. the avaitable: age and. po1ar1ty data: cou]d be- 1nterpreted as indicating that ‘the peak
~of ‘volcanic activity-occurred dur1ng the: Matuyama reversed po1ar1ty epoch: (2 5 to 0.7 m.y.),
y1e1d1ng a- peak vo]can1c rate: of o :
D ._Rpeak;Rate_lzfvoTcantc centers = -:
I - If.8XT06 years

~ i, ' :fji. ‘j’ L - =6 7X10 6/year
S o . . v
where 12. is. the number: of vo]can1c centers occurr1ng 1nfthe Matuyamareversedpolar1tyepoch and

1.8x108 years. is the-approximate duration. of the polarity epoch. The argument could be
.madevthatithelpresent-dayqvolcanic rateuisrwell.below the peak. rate.  In fact, datavindicate'
that. only one: Qolcanic center was active in the Tast 1 m.y. A frequency versus time plot
cou]d be attempted to~def1ne a-density curve and. stat15t1cal1y calculate the nonpeak rate,

but: the- 11m1ted data. makes this. ca]culat10n meaningless.. Moreover, the-peak-rate calculation


http://are.no

differs by only 16 percent from the uniform rate calculation. Second, to illustrate the
range of sensitivity of the rate caiculation, the maximum and-mihjmum cone counts- can be
used: B ' .
' _10 volcanic centers
M*n*muv 2.5X106 years

T =4.0X10'6/year s

18 voTcanic centers
Maximum 5 sx106 years

=7.2X10;5/year

To summarize, a number of volcanic rate calculations can be determined assuming various
cone counts for a 2.5X106 year period. Significantly, all the rate calculations fall within

- . the same order of_magnitude (10‘6/year). This is an important point to emphasize in.the

following sections.

Area. Ratio

_ The disruption zone for a basaltic volcanic center is limited, based on the assumption

of deep burial.of a Waéfe‘reposﬁtory-(ssoo m). Geologic-field studies of dissected volcanic

" centers indicate that; surface vent zones are fed by relatively narrow dikes (less than 10 m

and genera]]y less than 1 m in w1dth) Assum1ng that the disruptive effects of a basalt
dike extend laterally 10 m from the dike marg1ns (a conservat1ve assumption), a d1srupt1on
width for a s1ng]e dike:may be :

Dike: D1srupt10n W1dth-10 m10 m+10 m
S : . : : =0.03 km

N

Geologic. studies have shown that. dikes have a finite lateral extent and:a maximum length of

about 4 km: (B. Crowe: and D. Van]man Los- Alamos. Sc1ent1f1c Laboratory, studies in progress)
Therefore:

 Dike Disruption Area=0.03 kmX4 km
_ =0.12' km?’
Finally,. field studies: of the basalts of Crater Flat indicate'that there are an average of
three vent zones, each assumed to be fed by a separate d1ke, at each volcanic center.- Thus,
the: f1na1 d1srupt1on zone calculat1on becomes: ) :
Dike D1srupt1on Area=0.12 kmeX3. d1kes
=0.36 km?"

For the- purposes of the probab111ty calculations, the: area of a repository 1s assumed to be

10 km2. Therefore, at Yucca Mountain the area ratio becomes:

-



and‘ the area-ratio A:

pe 10 km2 o -
7(25 km)2 "

" =5, 1x10°3

' 3where 10 kmz is the area. of an assumed repos1tory The final probability calcu]ation-becomes:>

PVoTcanieﬁbjerpption=RXA.
-~ =(5.6x107 /year)(S 1x1073)

=2. 9X10 /year

- Several comments concerning the order‘ofimagnrtude (10~ /year) of this number are required.

First, the: calcolation'was'designed as’a worst case‘probability and therefore corresponds

’ Vto an upper limit or maximum probab111ty of volcanic d1srupt1on Second, the calculation
_assumes: volcanism s 'a random process. That 15, it 1s a -necessary requirement of .the prob-

ability: calculation to assume that there is a uniform probability of a volcanic event

-throughout the 25-km4radiusscircle*centered at Yucca Mountain. Field studies of volcanism
. at Crater Flat and volcanic studies, in general, have c]ear\y shown that ‘the surface

occurrence or ]oca]1zat1on of volcanism- i§- strong]y contro]]ed by -existing structural

. features.. ] .

As an approach to exam1n1ng the: sens1t1v1ty of the probab111ty calculat1on the 1mportant

" parameters can be. var1ed The. d1srupt1on area as. prev1ous]y discussed, is bounded by the
'assumed repos1tory size (10° km2) The: rate of" volcan1sm is ‘dependent on the number of recognized:

volcan1c events, a factor ‘which. Ts. controlled both by the area examined "and the time: per1od

' chosen ‘The. Tatter is. largely governed by the-geologic history of the-area exam1ned " The,

most: s1gn1f1cant variable affecting. the magn1tude of the: ca1cu1at1on 1s,therefore,the area
exam1ned * Accordingly, we- have- repeated “the calcu]at1on ‘for a 50- km-rad1us circle centered

_ at.Yucca: Mountainy wh1ch encloses: the maximum number of volcanic cones in the NTS region that-

are: 5 m. y and younger U;1ng the 1erger area.and the: probability formula

PVo1can1c D1srupt1on =RXA,

“the parameter R is’ def1ned by a vo1can1c center count of 18 which 1nc]udes three cinder cones

and- associat2d. lava. flows: southwest: of Black Mountain (approx1mate1y 0.3 m.y.) (A,

: f1g 2), ‘and. the: eroded. cone and Tavar f1ow of Buckboard Mesa (2 8 m. y ) (B f1g 2).

18 vo]can1c centers
2,8X106.years e

RRate

=6-4X10767year T

e 10k L
om0 km)? - - o

=1.3x1073



The volcanicedisruption probability for a 504km-rad2us'tirc1e centéred at Yucca Mountain

is:

PVolcamc Disruption. =(6.4x10 /year)(1 3X10 )

© =g.3x1072 /year

CONSEQUENCE ANALYSES

A second important problem with respect to volcanic-hazards analyses is an evaluation .

of the range of.conseqUences of disruption of a waste repository by volcanic activity. The

generélized consequences of magmatic. disruption of a waste repository have been described by

Crowe (1980).

Major variables are:

Depth of waste burial
Geometry of magma-waste intersection

1
2
3. Nature-of volcanism . »
4. Lag time prior to magmatic disruption

Several constraints on volcanic éonsequences can be applied to the southwestern NTS
region based on field studies of the basalts of Crater Flat. First, the most probable magma

composjtion of future volcanic activity‘isAbasaltic. This composition.limits transport

' distances, assuming Strombolian and(or) phreatomagmatic eruptive activity (Crowe, 1980).
, Second, as described in the probability discussions, deep burial of waste (>500 m) would

greatly. reduce.the.disruption~area attributed to basaltic volcanic activity, based on the -

<observation that basalt centers are generally fed at depth'by.relativeJy-nerrow dikes. Some .

very simple calculations can be determined.on the area of contact ‘of a basalt feeder dike,
asSumipg-dfrect intersection of a repository. Two dissected basaltic volcanic centers are

exposed along. the: northern margin of the Silent Canyon volcanic center, revealing a feeder
dike for the westernmost center. The dike is exposed vertically for about 20 m. It is
approximately»0;74m*widefandrextends>about 2.2 km. Assuming three feeder dikes per center
(besed on field studies of basalt centers at ﬁrater~F1at), d total area‘isicalcu}eted:

Amagma—waste contact d1ke w1dth x extent x 3 d1kes/center

=0.0007 kmX2.2. kmX3

=0.0046° e

This figure: corresponds ‘to the total dISrupt1en area in which waste and magma. are in direct
contact. Assuming the radioactive waste- is uniformly d1str1buted w1th1n a 10 km@ area, the

percentage of direct contact is:

v -

,cm» ] 0.0046. km
Contact” 2 X100

10 km=
=0.046~percent

Thﬁs‘caTcuTationrclearly.ignores‘the:waJlfbck disruption effects due tO'emp]acement of a dike
into the repository. Secondary effects due to dike emplacement (for.example, ground-water'
disruption, stress field changes, etc.) may be: very important: in the. consequence analyses.

-
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 REGIONAL VOLCANIC PATTERNS AND TECTONIC CONTROLS QOF VOLCANISM

The'third approach to an eva]uation of volcanic hazards in the Great Basin.is ana]ysis
of the patterns. and tectonic contro]s of past ‘volcanism, in order to -attain a more comp]ete.
understanding of reg1ona1 tectonics and volcanism: Much has been ‘Tearned about the past
distribution of Cenozoic uolcanism within the Great Basin. We attempt to. briefly summarize

- this. knowledge here and po1nt out- unsolved- probiems.

In:..general, Tertiary vo]can1sm began in the east-central part of the Great. Bas1n region’

© . about 40 m. y. -ago, and. has spread outward. toward the. edges of that region through time:

(Armstrong and others, 1969) -However, many questions remain concern1ng the details of
time- spacetm1gratlon of vo1can)sm and the relationships to basin-range  tectonism and plate-

;tectonic-interactjonsu(Noble, 1972;. Christiansen and Lipman, 1972; Scholtz and others, 1971;
'SUbDe~and'others,w1975; Snyder and’ others, 19765 Stewart anHAothers, 1977; Christﬁansen and -

McKee, 1978; Best and.Hamblin, 1978). A southerly or southwesterly m1grat1on has been

' emphas1zed by some: authors (Stewart and others, 1977) There are: exceptions, but maJor

s1l1c1c volcanism in a g1ven area or volcanic field general]y has a 1ifetime of less than,
10 m. y . and once ended has: not been. renewed. In many areas silicic (rhyolitic) volcanism
was accompan1ed by minor basa1t1c activity.after about 15 m.y.. ago (Chr1st1ansen ‘and L1pman,

-1972) . Slgn1f1cant s111c1c valcanism has- not.occurred dur1ng the 1ast 5 m.y. » except
-1oca11y near the- margins of the Great Bas1n Basalt eruptions younger than 5 m.y. have
] occurred pr1mar11y along the: marg1ns of the Great Bas1n (Best and: Hambl1n, 1978) and add1-

t1ona11y 1n the south-centra] part of- the bas1n, 1nc]ud1ng a discontinuous be]t that extends

’5through the~NTS region northward into centra] Nevada (f1g 2) Work recently completed for
"‘_the Nevada ‘Nuclear- Waste Storage Invest1gatlons program. has . shown " however, that _many of the
' . basalts in this. belt are: older than 5 m:y. In fact, only four re]at1ve]y sma]] areas of
'Quaternary (<2 m. y ) basalts are present these occur in- Death Valley, the- Crater Flat Lathrop
: Wells. area, north’. of Beatty (A,-f1g 2),: and. the Lunar Crater field of the Pancake Range
- The: belt  may- cont1nue north- northwestward across northerm Nevada (f1g 2), where- it cou]d
' ; -co1nc1de w1th the Oregon-Nevada 11neament (Stewart and others, 1975), a major structural )
1:zone expressed magnetlcally by. vo]can1c rocks, 1nc]ud1ng significant basaltic. flows and dikes.

The reasons for Jocalization:of ‘the: south central Great Basin- basaltic belt of Pliocene and
P1e1stocene volcanism are -not well understood.. The belt. lies 1mmed1ate1y west of ‘a. general"
north-south septum of Paleozoic: rocks. thatis. magnetically'quietr(Stewart'and others, 1977),
and which c01nc1des wi th-the. ax1s or median of symmetry described by Eaton. and others (1978).

’ Th\s septum of" Paleozo\c rocks..appears to mark a pers1stent division between volcanic source

areas. to- the: east and west, and: could: mark the eastern, s]1ght]y more act1ve edge of a western

! or subs1d1ary half of the-southern Great Basin (fig. 2).

We recognize-at: least three tectonic settings. forPliocene and P1e1stocene basalts.

' in: the- 50uthern Great Basin: (1) small northeast- trend1ng rift-zones or areas of relatively
young; basin- range ‘extension;, (2) caldera: ring fracture .zones, and (3) right-stepping-offsets

im northwest trending,right-lTateral shear zones,, ‘or intersections-of northeast-trending

 faults. w1th these zones:. Comb1nat1ons of some or al] of the above settings may occur, or
“even be required, to bring: basa]t1c magma - to: the Surface One of 'the settings.may correspond
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to "leaky transform" faults (Weaver and Hill, 1978), which often yield basalts, and which
fit well into the overall Pliocene and:Pleistocene stress field proposed. for parts of the '
Great Basin (Carr, 1974 Thompson and Burke, 1973; Wright, 1976; STemmons. and others,.1979)'
On the bas1s of present know]edge one'might .zone or-rate the southern Great Basin as -
tofthe risk of recurrence of basaltic volcanism-in the~fo]1ow1ng general way, from least
probable to most probable: (1) areas- that -have experienced no-Tertiary or Quaternary
A volcanism whatever; (2) topographxcal]y h1gh or-structurally positive blocks that. (a) were
not volcanic source areas- in. the last 20.m.y-, or {b) were not volcanic. source areas. in- the-
last 10 muy. ;. (3) rift drabens;outside volcanic. source areas; and (4) caldera ring fracture
ionescor rift' grabens. within volcanic: source areas. Special cases may exist with respect to
, ;these'generaI.risk'zones. For examp]e resurgent domes of ca]deras may well be an except1on
H to-catedory-(4) above, and: may- correspond. to category (2). One of the authors (Carr) has
noted that in the NTS reg1on, in an. area of major silicic volcanism ranging in age from about -
16 to 7 m.y.,. basin-range grabens have not significantly penetrated areas underlain by
granitic-basement. rock (f1g 3).. 1In other-areas, such as central Nevada, where‘the volcanic
i centers are about: tw1ce as old, basin- range faulting and-graben formation have penetrated
» and. broken ' through- gran1t1c rocks,. both-within and outside caldera areas. .These.grabens .
'are-the‘sites of extensiveAQuaternary;basa1t1c.vo1canism; i

o »-f SUMMARY AND FUTURE DIRECTIONS

‘ Pre11m1nary calcu]at1ons of the probab111ty of’ volcan1c disruption of a waste repository
”s1te at Yucca Mountain have - been made. . Assum1ng random occurrence-of volcanism within an
' area enc]osed by- a- 25- km-rad1us circle centered at. Yucca Mountain, an annual probability of
.volcan1c d1srupt1on of a-.waste: site; of 10‘8 has been ca]cu]ated The .rate of volcanism: for
“the. probab111ty calcu]at1ons var1es, depending on- assumpt1ons concern1ng the- number of"
-volcan1c centers: in: the- NTS region, but all calcu]at1ons yteld rates ‘on the: order of ‘10 -6
volcanic. events per- year: A- cr1t1cal ‘parameter to- the. probab111ty calculations: is. the area -

"~ of concern., A- second probab111ty ca]cu1at1on for: a=50-km-radius ‘circle and a time per1od

" of 2.8.m.y. yields: a. probab111ty of disruption-of 10'9 per: year.

Reg\ona] studies of the- occurrence ‘of" young (<S m.yi): basa1t1c volcanism within. the
' northeast -trending’ belt: of the southern Great Basin are- in: progress " These-studies will
extend: the. area: of "interest of’ the probability. calculations. ‘and’ establish a basis for com--
paring-rates. of - activity for the NTS region: with- surround1ng areas of the southern Great.
Basin.. Add1t1ona11y,.the.frequency.of occurrence of basaltic volcanic.centers with respect
to<tectonic setting will be’ determined; and: these data will be used-toiupgrade»our~classifi— '
 cation. of'volcaniC'recurrence zones..’ Fie]d studies will additiona]]y focus on attempts'to
recognize past. tectonic. and: petrologic.’ controls of volcanism’ 1n order to. better pred1ct
future rates and: poss1ble s1tes of volcanic activity.

Data- in- hand indicate: that. the probability of disruption of a.waste repos1tory by- -
volcan1sm -is. extremely- Tow:-and, moreover ‘that the r1sk can be>reduced by ‘Jocating a. site -
within an area that. is less: 1ikely -to have vo]can1c activity in the future. Add1t1ona1 work.
is required concern1ng the tecton1c sett1ng of vo]can1sm w1th1n the- Great Basin-and-
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the Tocal tectonic setting of possible sites, and volcanic consequence analysestare needed
to ‘further understand the impact of volcanic hazards on siting of a waste repository in the
southwestern. NTS region. . ’ ‘ ' ' o

' REFERENCES - -

Armstrong, R..L. Ekren » E. Bv, McKee, E. H. ; and Noble, D. C., 1969, Space-time relations: of
“Cenozoic s111c1c vo1can1sm in the Great Basin of the: western United States: American
Journa] Science, v. 267, no. 4, p. 478-490. C )

Best, M..G., and Hamblin, W. K.,- 1978, Origin of the northern Basin and Range province:
Imp11cat1ons from the geo1ogy of 1ts eastern boundary Geological Society of America
Memoir 152, p. 313-340. '

Byers, F. M., Jr., Carr, W. J , Orkild, P. P., Qu1n]1van, . D s and Sargent K. A, 1976
Vo]can1c suites and related caldrons of the Timber Mountain-Qasis Valley caldera comp]ex,
southern Mevada: U.S. Geological Survey Professional Paper 919, 70 p. 21-38.

Carr W. J.; 1974, Summary of -tectonic and structural evidence for stress or1entat1on at the
Nevada. Test S1te U.S. Geological Survey Open-file:Report 74- 176

Chr1st1ansen, R. L., and Lipman, P. W., 1972, Cenozo1c vo]can1sm and plate tecton1c evolut1on
of the western United ‘States; PartAII, Late Cenozoic: Ph11osoph1ca1 Transact1ons of the l
Royal Soc1ety of London, 'ser. A, v. 271,.p. 249-284. ' ' ':

;AChr1st1ansen, R.-L., and McKee, E. H., 1978, Late Cenozoic.volcanic and tectonic evolution of
the Great Basin and Columbia Intermontane reg1ons Geo]ogica1ySociety.of,America Memoir- .
152, p. 283-311.. - L . -

Cox, A. s1969 Geomagnet1c‘reversals;.Science,‘v ‘163, p 237-245.

Crowe,. B. M., 1980‘ Disruptive event analyses: Volcan1sm -and Igneous Intrusion: Battelle
Pacific. Northwest Laboratories. Report (in press)

Eaton, G. P., Wahl, , Prostka, H. J., Mabey, D..R. »-and. Kleinkopf, M. D , 1978, Reg1ona1

’ gravity and,tecton1c patterns: -Their relat1on‘to Tate Cenozoic epeirageny and- lateral
‘spreading in the western Cordillera: Geo]dbical‘SOCjety of America Memoir 152, p. 51-92,
o L1oman, P. W., and McKay, E. J., 1965, Geologic map of -the: Tépopah- Spring SW quadrangle,
. Nye: County, Nevada: U.S. Geo]og1ca1 Survey Geologic Quadrangle Map GQ-439, scale 1:24,000.
McKay, E: J. , and Sargent, K. A., 1970, Geologic map of the Lathrop Wells quadrangle, Nye-
County,. Nevada: U.S. Geological Survey Geologic Quadrangie Map. GQ-883, scale 1:24,000.

Noble, D. C., 1972, Some observations on the: Cenozoic. volcano-tectonic evolution of the
Great Basin, western United States: -Earth and Planetary Science- Letters, v. 17,

p. 142-150.. . ' ‘ : o

Scholtz C.. H., Barazang1, M, and Sbar M. L., 1977, Late Cenozoic evolution of the Great
. Basin, Western United States, as. am .ensialic interarc basin: - Geological Society of:
America Bulletin; v. 82, P- 2979-2990..

Slemmons, D: B, Van Wormer, D., Bell, E.'J.,. and: Silbermam, M. L., 1979, Recent crystal

- movements. im the Sierra- Nevada-Wa1ker Lane region: of California-Nevada: Fart I, rate.
and- style of deformation Tectonophys1cs v. 52, p. 561- 570 '

. Snyder W._S., Dickinson, W. R., and Si]berman M L., 1976, TECton1c jmplications of space- .

time patterns of Cenozoic magmat1sm in the: western United: States:" Earth and Planetary

" Science Letters,. v. 32, p. 9 106 ’ : :

14



Stewart, J. H., Walker, G. W., and K]éinhamplgg F. J., 1975, Oregon-Nevada 1ineament:
Geology, v. 3, p. 265-268. - '

Stewart, J. H., Moore, W. J., and Zeitz, Isidore, 1977, East-west patterns of Cenozoic
igneous rocksg'aeromagnetic anomalies, and mineral deposits, Nevada and Utah:
Geological Society of America Bulletin, v. 88, p. 67-77.

- Suppe, J., Powell, C., .and Berry, R., 1975, -Regional topography, seismicity, Quaternary
volcanism; and the present-day tectonics of the western U.S.: American Journ&l of
Science, v. 275-A, p. 397-436. |

Thompson, G.“A., and Burke, D. B., 1973, Rate and direction or spreading in Dixie Valley,
Basin and Range Province, Nevada: Geological Society of America Bulletin, v. 84,
p. 627-632. . . ° ‘

Weaver,. C. S., and Hill, D. P., 1978, Earthquake swarms and local crustal spreading’along
major strike-slip faults in California: Pure and Applied Geophysics, v. 17, p. 51-64.

Wright, L. A., 1976, Late Cenozoic fault patterns and stress fields of the Great Basin and
westward displacement of the Sierra Nevada block: Geology, v. 4, p. 489-494.

15



