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1. INTRODUCTION

The Continental Scientific Drilling Program (CSDP) is a national effort sup-
ported by the Department of Energy, the U.S. Geological Survey, and the National
Science Foundation. Coordination is accomplished through the Interagency Coor-
dinating Group, which comprises representatives of those agencies. Projects can be
proposed from within or without the sponsoring agencies and from within or without
the federal government.

One of the projects proposed for the CSDP consists of drilling a series of holes
in Katmai National Park in Alaska to give a third dimension to the model of the
1912 eruption of Novarupta, and to investigate the processes of explosive volcanism
and hydrothermal transport of metals (Eichelberger et al., 1988).

The proposal for research drilling at Katmai states that “the size, youth, elevated
temperature, and simplicity of the Novarupta vent make it a truly unique scientific
target.” The National Park Service (NPS), which has jurisdiction, is sympathetic
to aims of the study. However, because the area is both a National Park and a
Wilderness Area (and therefore a sensitive area in which to drill), NPS wishes to
know whether Katmai is indeed uniquely suited to the research, and has asked the
Interagency Coordinating Group to support an independent assessment of this claim.
NPS suggested the National Academy of Sciences as an appropriate organization to
conduct the assessment.

In response, the National Research Council—the working arm of the Academy—
established, under the aegis of its U.S. Geodynamics Committee, a panel whose
specific charge states: “The proposed investigation at Xatmai has been extensively
reviewed for scientific merit by the three sponsoring and participating agencies.
Thus, the scientific merit of the proposed drilling at Katmai is not at issue. The
panel will review the proposal for scientific drilling at Katmai and prepare a short
report addressing the specific question of the degree to which it is essential that
the drilling be conducted at Katmai as opposed to volcanic areas elsewhere in the
world.”

In addressing its charge, the panel has drawn on the personal knowledge of
its members, a selective review of the literature, a search of the data bank of the
Smithsonian Institution, and personal contacts with other voicanologists, notably
from Hawaii, Japan, England, and France.

Because aspects such as scientific merit, cost, and environmental considerations
are being reviewed by other groups, they are outside this panel’s purview. That the
panel does not comment on them implies neither a favorable nor an unfavorable
opinion of the project as a whole.
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2. KATMAI VOLCANO

General Features

On June 6, 1912, the Alaskan Peninsula was rocked by a large explosive eruption
comprising about 15 km® of magma that expanded to twice that volume, producing
15 km? of airborne ash plus a like amount in an ash-flow sheet. This sheet filled two
existing valleys up to 200 m deep and created what is now the Valley of Ten Thousand
Smokes (Figure 1). The vent area, named Novarupta, was at a distance of S to 17 km
from four pre-existing volcanic edifices and was blasted through virtually unaltered
marine sedimentary rocks. The magma chamber that fed the eruptions seems to
have been some 10 km distant under Mount Katmai, whose summit collapsed after
the eruption to form a caldera 3 km in diameter. Novarupta itself subsided along
concentric fractures; it is uncertain whether this moderate subsidence was caused
wholly by compaction (Hildreth and Fierstein, 1986) or whether some collapse may
have been involved. The eruptive sequence ended with the extrusion of Novarupta
Dome and the intrusion of a presumed laccolithic body to form a domelike feature
known as the Turtle (Figure 2).

Chemically, the 1912 eruptive products ranged from rhyolite to andesites, with
rhyolite and dacite predominating.

Advantages of Katmai

The general objectives of the proposal are to test the three-dimensional mod-
els for intrusion, eruption, cooling, alteration, and transport of metals in a well-
preserved vent and ash flow (Figure 3). The attractive features of Katmai for the
study are well-stated in the proposal. We summarize them as follows:

1. Size. The 15 km? of erupted magma makes the 1912 event one of the larger
silicic eruptions of historic times. It is large enough to be catastrophic, but small
enough to be typical of many explosive eruptions and also small enough to be studied
by the proposed drilling. The ash flow is large enough to have a welded interior,
probably the only recent flow in the world with welding.

2. Youth. A deposit the size of the Novarupta ash flow and vent almost
certainly retains substantial residual heat after only 77 years, and retrograde hy-
drothermal alteration has not yet overprinted primary lithology.

3. Simplicity. The 1912 eruption was a single discrete event; Novarupta was
blasted through previously unaltered Jurassic sedimentary rocks. Thus there is no
overprinting of earlier volcanic events by successive episodes of eruption or hy-
drothermal alteration. Moreover, the country rock will be readily distinguishable
from the 1912 volcanic rock in drill samples. Because there has been no major sum-
mit collapse at Novarupta, the structure of the vent area is relatively uncomplicated
and could be more easily interpreted from drill cores.

4. Shallowness. Preliminary geophysical studies suggest that the vent bottoms
between 1 and 2 km. Thus the various compositional components of the ash flow
should have identifiable counterparts in the cores from the vent.
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FIGURE 1 Map of the Valley of Ten Thousand Smokes, showing locations of the ash-
flow sheet, Novarupta and Mount Katmai calderas, and neighboring volcanoes. Inset
shows location. Abbreviations: Ba, Baked Mountain; Br, Broken Mountain; C, Mountain
Cerberus; F, Falling Mountain; N, Novarupta. (After Hildreth, 1983; reproduced from
Eichelberger et al,, 1988.)

5. Known Transport and Deposition of Metals. That metals were being trans-
ported by hydrothermal processes at Katmai has been well documented by earlier
workers (e.g., iZies 1929, Griggs 1918, and Fenner 1 ¥50). These processes are prob-
ably continuing, and the area has been neither degraded by erosion nor complicated
by other events.
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FIGURE 2 Preferred model for the 1912 vent. Consistent with this model, the lithic ejecta
consist dominantly of Naknek Formation, indicating that the excavated volume is within 1
km of the surface. This large flared funnel is presumed to have formed early in the eruption
during the rhyolitic Plinian A phase and/or during ash-flow sheet emplacement. Vent fill
may consist of fluidized-bed material that never reached the surface as well as fallback. At
some unknown depth, there must be a downward transition to the unfragmented intrusive
equivalents of the pyroclastic units. The vent-filling tephra was intruded by intact magma,
which fed Novarupta Dome and possibly a buried dome of shallow intrusion beneath the
Turtle. Nested within the large vent, and containing the Novarupta feeder, is the much
smaller vent for the late dacitic Plinian phase of the eruption. (After Eichelberger et al,
1988.)

Disadvantages of Katmai

Few things are perfect; no volcanic area is or will ever be ideal for every aspect
of research. The less favorable aspects of Katmai are as follows:

1. Location of the Magma Chamber. The fact that Mount Katmai itself un-
derwent a caldera-forming collapse while Novarupta remained almost intact strongly
suggests that the magma reservoir is or was beneath Mount Katmai with a lateral
feeder to Novarupta. Therefore the magma chamber itself is not a feasible target of
the proposed study.
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FIGURE 3 Schematic cross section of the vent and ash-flow sheet along a curved line
containing the two drilling sites and the Turtle, illustrating geological objectives of the
proposed holes. (After Eichelberger et al., 1988.)

2. Lack of Direct Observation and Study Prior to 1912. The Novarupta event
was seen only at a distance. There was no eyewitness close enough to describe the
eruptive stages that could thus be tied to the stratigraphy of the flow or the deposits
in the vent. Nor was there any prior geophysical record of the area.

3. COMPARISON WITH OTHER AREAS

The drilling targets at Novarupta are the complete penetration of a young
welded ash flow and the sampling of a simple young conduit to identify eruptive
mechanisms and thermal behavior.

Therefore, in looking at possible alternative sites for the research, the panel has
concentrated on relatively recent silicic eruptions with an explosivity index of 5 or
more (Table 1) and has considered (1) size, (2) presence of an ash flow, (3) evidence
of hydrothermal activity, and (4) simplicity.

Silicic volcanoes punctuate the landscape in many parts of the world, but most
of these can be dismissed rather quickly as rival targets. For example, Santorini
and Krakatau have collapsed summits that are partly submerged; Mont Pelée and
Soufriere of St. Vincent are too small; Vesuvius and Aetna are too complex, etc.
More suitable alternative sites and areas include the following:

1. Quizapu (Cerro Azul) in the Chilean Andes, which erupted in 1932. As
described by Hildreth and Drake (1988), Quizapu erupted about 5 km® of magma
(=18 km?® of pumice) and has an ash flow. The flow, however, has a volume of only
0.01 km? (minute as compared to Katmai), ha< almost certainly cooled to ambient
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temperature, and is unlikely to have a welded zone. Moreover, Quizapu is a flank
vent on a complex strato-volcano.

2. Cosigiiina in Nicaragua erupted in 1835 and has an ash flow. But, even
ignoring the political situation, drilling logistics would be very difficult, the eruption
has not been well studied, and the eruption is from a complex strato-volcano.

3. Tambora in Lesser Sunda erupted in 1812 with the largest explosivity index
(VEI=7) in the last 1000 years. But Tambora is now cool, has had extensive caldera
collapse, and is a complex volcanic edifice.

4. East African Rift valley area.* Silicic volcanics have been erupted in the area
around Lake Naivasha, the youngest consisting of 400-year-old domes and viscous
trachytic flows. But the flows are older than the ash and have not come from the
same vents, and the vents are all in pre-existing volcanics whose stratigraphy is very
complex.

5. 'White Island, Taupo Volcanic Zone, New Zealand. A group of investigators
has recently proposed a 600-m hole in White Island, a volcano at the northeast
end of the Taupo Volcanic Zone. For the last 150 years, White Island has been
the zone’s most active vent (including several explosive events in the past 20 years).
White Island has an extensive hydrothermal system, the operation of which is the
chief target of the proposed drilling.

In comparison with the eruption at Katmai, White Island eruptions are small,
and there are no welded ash flows; the vent itself is very complex and overprinted
by many eruptions and recurrent hydrothermal activity. This is not to belittle the
value of the proposed drilling. It would enhance our understanding of hydrothermal
systems both as sources of geothermal power and as makers of metal ores. It would
expand on but not substitute for the Katmai project. Indeed, if both Katmai and
White Island are drilled, the value of the hydrothermal studies at both would be
enhanced.

6. Mount St. Helens. Of all alternate sites, Mount St. Helens is probably the
most attractive.

The possible advantages are as follows:

. Detailed documentation (geological and geophysical) both during and
after the 1980 event.

Pre-eruption geological and geophysical studies.

Stratigraphy of the pyroclastics can be tied directly to eruption stages.
A known active hydrothermal system.

The magma chamber is directly below and could be investigated.

The disadvantages are as follows:

o Size—it is less than 5 percent of the size of Novarupta.

. Ash is a mixture of 1980 and earlier material (though they may be
chemically distinct) and not welded.

° Complexity of the volcano.

"Information on East African Rift valley is from R.A. MacDonald, University of Lancaster.



TABLE 1 Global Volcanic Eruptions of VEI 5 to 7, 1000 A.D. to 1980 A.D.

Volcanic Eruption from
Date of Explosivity Pre-existing
Eruption? Volcano Name (location) Index (VEI) Volcano ?
C 1015q Billy Mitcheli (Bougainville-SW) S yes
C 1020? Tarawera (New Zealand) 5 yes
1104 Hekla (Iceland-S) 5 yes
1108? Asama (Honshu-Japan) 5? yes
1362 Oraefajokull (Iceland-S) 6 “yes
1477? Kverkfjoll (Iceiand-S) 5 yes
D 1480 Mouut St. Helens (U.S.-Washington) 5 ves
C 1580p Billy Mitchell (Bougainville-SW) 6 yes
1640 Awu (Sangihe Is.-Indonesia) 5? yes
1640 Komaga-Take (Hokkaido-Japan) 5 yes
C 1660p Long Island (New Guinea-NE of) 6 yes
1663 Usu (Hokkaido-Japan) 5 yes
1667 Tarumai (Hokkaido-Japan) 5 yes
1707 Fuji (Honshu-Japan) 5 yes
1739 Tarumai (Hokkaido-Japan) 5 yes
1755 Katla (Iceland-S) 5 yes
1812 Tambora (Lesser Sunda Is.) 7 yes
1822 Galunggung (Java) 5 yes
1835 Cosigiiina (Nicaragua) 5 yes
1854 Sheveluch (Kamchatka) 5 yes
1875 Askja (Iceland-N) 5 yes
1883 Krakatau (Indonesia) 6 yes
1886 Tarawera (New Zealand) 5 yes
1902 Santa Maria (Guatemala) 6 yes
1907 Ksudach (Kamchatka) 5 yes
1912 Novarupta (Alaska Peninsula) 6 no
1932 Cerro Azul [Quizapu] (Chile-C) 6 yes
1955 Bezymianny (Kamchatka) 5 yes
1980 Mount St. Helens (U.S.-Washington) 5 yes

3C designates carbon-14 date; D, dendrochronology (tree ring) date; q, + 25-year

uncertainty; p, +20-year uncertainty.

SOURCE: Data from Simkin et al. (1981).
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® As a National Monument, Mount St. Helens is subject to the same
constraints on potentially disruptive activities as Novarupta.

As can be seen from these examples of alternative targets, most possible sites
fail to match Katmai in at least two of its advantageous features. Most importantly,
all fail the test of simplicity. Table 1, derived from the data bank of the Smithsonian
Institution, lists all known large explosive eruptions (VEI=5 or more) since 1000
A.D. and shows that only Novarupta came from a pristine vent. All others came
from and through pre-existing volcanic structures. Therefore, only Katmai can claim
freedom from overprinting and can demonstrate that all the effects of the eruption
and thermal activity derive from a single event.

4. SUMMARY AND CONCLUSION

The Novarupta vent area at Katmai offers five advantageous features: (1)
size (15 km?); (2) youth (not modified by erosion and still hot); (3) documented
ongoing hydrothermal activity including metal transport; (4) shallow depths to critical
horizons; and (5) simplicity (eruption through unaltered sediments and apparently
simple subsidence of the summit).

Of these factors, simplicity is of overriding importance, because it ensures that
all chemical alterations are the result of one event acting on unaltered nonvolcanic
country rock and single-event eruptive rocks and because it will enable a more
definitive interpretation of the vent composition and structure.

A canvass of other explosive volcanoes of the world shows none that can match
all the features of Novarupta. Most important, no other recent eruption has blasted
a vent through previously unaltered rock.

The panel therefore concludes that the authors of the proposal are correct
in maintaining that the Katmai area is uniquely suited to the proposed research
and is an excellent target “for a research drilling investigation of silicic magmatic
processes.”
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