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ASSESSrt OF POTENTIAL FOR FUTURE VOL 4M HAZARDS
AT YUCCA MOUNTAIN, NEVADA

Introduction

The purpose of this report is to assess the volcanic hazard potential

at and in the vicinity of Yucca Mountain. Newhall (1984, p. 1) defines

volcanic hazards and volcanic risk as "volcanic phenomena (e.g.,

pyroclastic, flows, ashfall) that can pose a threat to persons or

property" and exposure of individuals to death or injury, and of

structure to damage from volcanic hazards", respectively. In this report

the potential for future eruptions are discussed and evaluated.

Following that the potential role of various volcanic hazards with

respect to Yucca Mountain are assessed. No assessment of volcanic risk

is made in this report. Crowe (1986, p. 32-35) discusses volcanic risk

assessment for the Yucca Mountain.

Since the eruption of Mount St. Helens in 1980 there has been an

expanded and intensified effort to develop methods to predict or forecast

volcanic eruptions, (Decker, 1986, Tanzieff and Sabroux, 1983, Martin and

Davis, 1982, Gudmundsson 1986). The earlier work by Crandell and

Mullineaux, 1978, resulted in a notification of potential hazard for

Mount St. Helens. At Yucca Mountain concern regarding volcanic hazards

is slightly different than in areas where current predictive studies are

ongoing. In those areas, recent volcanic activity is well established,

i.e. Long Valley, CA, San Miguel, Azores, Mt. Vesuvius, Italy, Japan,

Iceland, and Hawaii. In all these areas there are abundant indications

of recent volcanism. In many areas there are historical and even

on-going records of the volcanism. The concern in these areas is for the

immediate safety of the nearby population. Areas where the next

significant eruption may be 1000 years in the future are of little

concern, especially when they are located in remote areas.

The time frame at Yucca Mountain is for a considerably longer period

(104-105 yrs), for an unmovable population (buried canisters), and

for a relatively small area (400 acres). In addition, the volcanic

hazards are different. They include the magma itself, volcanic heat, and

hypothermal fluids. The repository is located within the earth rather

than on its surface, although some surface volcanic hazards could be a

problem during the preclosure period.
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Background
The proposed Yucca Mountain high level nuclear waste repository would

be located in volcanic tuff. The source of the tuff was the Timber

Mountain Caldera located several miles to the north. Stewart recognizes

four periods of Cenozoic volcanism in Nevada. Cenozoic volcanism started

in Nevada approximately 43 N.Y. ago (Stewart, 1980, p. 98). This early

activity (43 to 34 N.Y. ago) was centered in northern Nevada. These

rocks are primarily andesite to rhyolite and lava flows.

About 34 .Y. ago there was a significant change in the character of

volcanic activity. This second period extends to 17 .Y. In that

interval there were extensive eruptions of quartz latite and rhyolite ash

flow tuffs. The volcanos that were the sources of these ash flows were

all north of the NTS. Some tuffs associated with this period of volcanic

activity are found scattered around the Nevada Test Site (NTS). The 29

N.Y. old ash fall beds, found in the Horse Springs Formation in southern

Frenchman Flat, are the oldest volcanic rock known on the NTS. Other

older tuffs found on the test site include: the Monotony tuff (26-27

N.Y., Ekren et al., 1971); the hite Blotch Spring tuff (24-25 N.Y.,

Ekren et al., 1971), Fraction tuff (15-18 .Y., Ekren et al., 1971; and

the Tolicha Peak tuff (14-15 .Y., Ekren et al., 1971).

Although some outcrops of these older units are known on the NTS,

they have also been identified In deeper drill holes in Yucca Flat. They

generally occur as scattered patches buried in valleys or grabens beneath

Yucca Flat. Ekren (1968, p. 249) has suggested the Fraction tuff may

indicate the beginning of basin and range faulting. Basaltic rocks are

rare in this time interval (Steward, 1980, p. 100).

A major change in the character of volcanism in Nevada occurred about

17 .Y. ago according to Stewart (1980, p. 102). This marked the start

of wide spread eruption of mafic lava, mostly basalt and bimodal
assemblages of rhyolite and basalt. Most of the basaltic activity took

place in northern and western Nevada. Volcanism in southwestern Nevada
was part of a belt of largely silicic rocks that extend E-H across Nevada

between latitude 370 and 380N. These rocks are mainly rhyolitic and

quartz latitic tuffs. The change in volcanism is much greater in
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northern Nevada in southern Nevada. --In sout* xf Nevada it appears

that the silicic volcanism moved southward with little change in its

nature. There does appear to have been more basaltic rocks associated

with this period of volcanism (Stewart, 1980, Fig. 48) than with the

earlier (34-17 M.Y.) volcanism (Stewart. 1980, Fig. 47) in southwestern

Nevada. This period lasted until 6 N.Y. ago.

Except for the older tuffs noted earlier, all silicic tuffs on and

adjacent to the NTS were deposited n this interval. The source calderas

were either on the NTS or adjacent to it to the west and northwest. The

oldest unit erupted from the vicinity of the NTS is the Red Rock tuff

(15-16 N.Y., Marvin et al., 1970). With the eruption of this unit there

followed an extensive and complex eruptive period that extended to about

6 .Y. ago. Tuffs from this period and the source caldera are given in

Table I.

In the last 6 .Y. all volcanic activity on or near the NTS has been

limited to development of basaltic cinder cones or lavas. The youngest

volcanic activity is the Lathrop Wells cone (0.46 N.Y., Sinnock and

Easterling, 1983, Table 2, 0.27 .Y., Vaniman, 1982, Table 1).

Figure is a breakdown of Tertiary/Quaternary volcanic systems in

southwestern Nevada and eastern California. It is possible that these

systems represent different variations, stages, and/or modifications of a

general volcanic process.

In the southwestern Nevada volcanic field rhyolite is the predominant

volcanic rock with basalts being subordinate (Christiansen, et al. 1977,

p. 946). Differentiated magma series related to both rhyolitic and

basaltic parents are also present, but are relatively minor. In addition

to the calc-alkalic rocks of the Timber Mountain-Oasis Valley caldera

complex, there are peralkalic silicic rocks stemming from trachitic

parents associated with Silent Canyon and Black Mountain caldera

complexes. Only the small ahmonie Saylor volcanic center has

intermediate composition rocks as a major integral part of the center

(Warren and Bloxton, 1986). Warren and Bloxton propose the intermediate

composition rocks result from mixing of silicic and basaltic magmas.
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In summary it%.4ears that three magma types c0..ccount for most of

the 16-6 .Y. old volcanic rocks in the southwestern Nevada volcanic

field. They are a basic magma which is the parent magma for the basaltic

rocks. Two slightly different magma types are needed to account for

silicic rocks. The silicic calc-alkalic (NaO+K2>CaO) magma was the

parent magma for the rhyolites from the Timber Mountain-Oasis Valley

complex, and a silicic peralkaline magma (Al203/1 i + Na20)<l]

was the parent magma for the rocks from Silent Canyon and Black Mountain

caldera complexes.

The occurrence of two different silicic magna types is supported by

seismic velocities beneath Timber Mountain and Silent Canyon (Taylor,

1983). Taylor used teleseismic P wave travel times to derive a three

dimensional crust and upper mantle structure. Relatively high velocities

were observed in both the crust and upper mantle beneath the Silent

Canyon caldera. Low velocities were observed in the lower crust beneath

Timber Mountain while there was no expression in the upper mantle.

Taylor ((1983, p. 2231) suggested differences between the two caldera

complexes were related to their volume, recurrence intervals, and mode of

enrichment from the mantle-derived source. The peralkaline nature of the

Silent Canyon and Thirsty Canyon suggests the trachyte magmas may have

ultimately been derived from alkalic basalt magmas parents. In the

following discussion the two silicic magma types and associated volcanism

are considered together.

Potential for Silicic Volcanism in Southwestern Nevada

As noted above, the last silicic volcanism in southwestern Nevada

occurred about 6 N.Y. ago. The potential for renewed volcanism has been

briefly addressed by Crow and Sargent (1978). They concluded (p.23) that

...the risk of recurrence of Black Mountain-type volcanism is probably

small." Their conclusion was based on: () the youngest volcanic rocks

are on the order of 7 N.Y. old and the magma should now be completely

solidified, unless the heat had been replenished by new magma and (2) the

volume of "... volcanic material erupted during successive cycles of

activity declined progressively". This is interpreted as indicating a

waning of volcanism consistent with the cessation of volcanism.

In 1983 Crowe et al. (p.3) indicated that the restriction of

Quaternary age silicic volcanism to margins of the Great Basin as a third
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reason for considering the probability of renewal ('silicic volcanism as

finite, but extremely small. Crowe et al. (1986, p. 251) again note

these three reasons for considering the recurrence of silicic volcanism

to be negligible.

There appear to be two types of silicic volcanism which need to be

considered; very large caldera complexes and smaller bimodal (coexisting

basalt-rhyolite magmas) centers. The two may have similar origins, but

different reflect in size of volume which could in turn reflect the then

current tectonic environment.

The calderal complexes are large volcanic structures which

explosively erupted large volumes of siliceous pyroclastic material.

Basaltic rocks associated with the caldera complexes are volumetrically

subordinate and occur around the perifery of the caldera complex.

Bimodal volcanism is a smaller volume volcanic process where the

volumes of silicic and basaltic material are more nearly equal. In

addition, the two magmas may erupt nearly contemporaneously and show

signs of magma mixing. Examples of such systems would include the

Greenwater volcano in the Greenwater and Black Ranges east of Death

Valley (Crowe, et al. 1986, p. 23). and the Pliocene volcanic rocks of

the Coso Range (Bacon, 1982; Novak and Bacon, 1986).

The underlying cause for the two types of silicic volcanism may be

very similar, i.e., basaltic magma intrusion at the base of the crust

causing partial melting of overlying silicic crustal rocks.

Volume of basaltic material and/or resident time of the basaltic

magma may determine the volume of silicic melt formed.
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Figure 1. Breakdown of volcanic systems in southwestern Nevada and eastern

California, with examples.
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