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. Also, called Jtuff cones,” maars
are shallow ﬂat -flooreq craters

that scientisis interpret have

.- formed above dlatremes ag a re 2&/

o “of'a violen} expansion of mjagmatic

.gas or stezn, deep erosi ta
maar,presumably would expose a
diatreme. Maars range in swe
from 200 to 6,500 feet across and
from 30 to 650 feet deep, and most
are commonly fllled with water to_
form natural lakes. Most maars
have low rims composad of a
mixture of loose fragments of

" volcanic.rocks and rocks forn -
from the walls of the diatreme.-

Q

N ér.s occur in the western -
United States, in the Eifel region of
ermany, and in other geologically

,“young volcanic regions”of the

world. An excellent example of a’
maar Is Zuni S2lt Lake In New
Maxico, a shallow sallne lake that
occupies a flat-flogred crater
about 6,500 feet across and 400
feet deep. Its-low rim.is composed
of 10bse pieces of basaltic Java
and wallrocks {sandstons, shale,
iimestone} of the underlying dia-
treme, as well as.random chunk$
of ancient cryst.'line rocks blasted
upward from great depths.

b=

Nk Sart Lake Maar, Catror County, New Maxico.
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The empilon of Cerro Nagro Volcano, near Ladn, Nic_aragua,dunng' November 18968.
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Volcances : :
by Robert 1, Tilling '
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Voicanoes desiroy and volcanaes create. The catastrophi¢ eruption
of Mount St. Helens on May 18, 1980, made clear the awesome destructive
power of e volcano, Yet, over a time span longer than human memory
and record, volcanoes have played e key role in forming and maditying
the planet upon which we live. More than 83 percent of the Earth's
surface—above and below sea level—is of volcanle arigin. Gaseous
emijssions from volcanicwents over hundreds of illions of years formed
the Earth’s earliest oceans and atmosphere, which supplied the
ingredients vital to avoive and sustain llife. Qver geclogjc eons, countless
volcanic eruptions have produced mountains, plateaus, and Plains, .
which subsequent erasion and weathering have sculpted into ma;estic .

landscapes and formed fertile soils.

Ironically, these volcanic soils and inviting tetranes have aitraQted.
,and continueyo attract, people to live on the flanks of voicances. Thus,
as population Yensily increases in regions of aclive or potentially active
volcanoes, mankind must become increasingly aware of the hazerds
and learnmot to “crowd” the volcances. Peaple living in lhe shadow of
volcanoes must five in harmony with them and expect, and shoyld plan
for, periadic violpnt unieashings of their Pent-up energy.

This booklet Presenis a generalized summary of the naturs, wark-
Ings, products, and hazards of the common types of volcznoes around
the world, along with a brief introduction to t /e.«!er:ﬁﬁlques of volcano
monitonng and research.
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Op August 24, AD. 79,
Vesuvius Volcano suddenly ex-
ploded and destroyed the Roman
c:lies of Pompeii and Herculfaneum.
Although Vesuvius had shown
stinngs of life when a succession
of earthquakas in A.D. 63 caused
some dainage, it had been literally

.quiet for hundreds of years and

was considered "extinct.” iis
surface and crater were green
and covered with vegetation, so
the eruption was totally
unegxpected. Yet in a fow hours,
hot voleanic ash and dust buried
the two cities so thoroughly that
their ruins were not uncovered
for nearly 1,700 years, when the
discovery of an outer wall ir. 1743
started a period of modern
archeology, Vesuvius has con-
tinued its activity intermittently
ever since A.D. 79 with numerous
minor eruptions and several

‘major eruptions occurning in

1631, 1794, 1872, 1906 and in 1944

.in the nidst of the ltalian campaign
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of World war Il.

In the United States on March
27, 1980, Mount St. Helens Volcano
in the Cascade Range, south-
western Washington, reawakened
after more than a century of
dormancy and provided & dramatic
and tragic reminder that thers
are actlve volcanoes in the
'lower 48" States as well as i
Hawan and Alaska. The ¢atastroPh-
1c etuption of Mount 8t Helens
on May 18, 1980, and related
mudiflowsa and llooding caused
significant loss of life (62 dead
or missirg) and property damags,_
{over $1.2 billion). Mount St
Helens Is expectad to remain

intermittently active for months
or years, possibly even decades.
The word “volcano' comes -
from the little* Island of VYulcano
in the Medlterranean Sea off
Sicily. Centuries ago, the people
living in this area believed that
Vulcano was the chimney of the
forge of Vulcan—the blacksmith
of the Roman gods. Trey thought
that the hot lava fragments and
clouds of dust erupting from
Vulcano came from Vulcan's forge
as he beat out thunderbolts for
Jupiter. king of the gods, and
weapons for Mars, the god of war.
{n Polynesia the people attributed
eruptive activity to the beautiful but
wrathful Pele, Goddess of Voi-
canoes, whenever shte was angry
or spiteful. Today we know that
volcanic eruptions ire not super-
natural but can be studied and
interpreted by scientists.




Thé’ Nature of Volcances

Volcanoes are mountains, but
they are very difterent from other
mountains; -lhey. are not formed
by folding and crumnling or by’
uplift and erosion. instead,
volcanoes are built by the accumu-
lation of their own eruptive
products—lava, bombs {(crusted
over lava blobs), ashflows, and
tephra. (airborne ash and dust}.
A volcano is most commonly a
conical hill or mountain bullt

. around a vent that connects with
reservoirs of mc'ten rock below
the :surtace of the Earth, The term
volcano also rafers to the opening

Fountalning lava and voleanilc debris during the 1959 Kilauea Iki a}upllon of
llaued Volcano, Hawali.
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_or vent through which the moiten
rock and associatea gases are

~ expelled,

Driven by buoyancy and gas
pressure the mol*2n rock, which
is lighter than the surrounding
solid rock, forces its way upward
and may ultimately break through
zones of weaknesses In the
Earth's crust. 'f so, an sruption
begins, and the molten rock may

. pour from the vent as nonexplosive

lava flows, or it may shoot
violently into the air as dense
clouds of lava fragments. Larger
fragmenls fall back around the




venmt, and accumutations of {fall-
back fragments may move
downslope as ash flows under
the foree of gravity. Some of the
finer ejected materials may be
carried by the wind only to fall *
to the ground many miles away.
The finest ash parhcles may be
injected miles into the _atmosphere
and carried many tlme= around
the world by stratospheric winds
= beiore settling out,

" Molten rock below the surface
of the Earth that rises in volcanic
vistts is known as magma, but

_after it erupts from a volcano it
is called fava. Originating many
t.ns of miles beneath the ground.
the ascending magma commonly
contains some crystals, fragments”
of surrounding (unmeited) rocks,
and dissoived gases, but it is
primarily a liquid composed prin-
vipally of oxygen, silicon,

aluminum, iron, magnesium,
caicluﬁi sodium, potassium,
titanium, and manganese. Magmas
also contain many other chemical
elements in trace quantities,
Upon cooling, the liquid magima
may precipitate crystals of various
minerals until solidification is
compiete to form an :gneous of
magmatic rock.

The accompanying diagram of
a volcano in an oceanic environ-
ment shows that heat concentrated
in the Earth’s upper mantle raises
temperatures sufficiently to meit
the rock Iocally by fusing the
matenals with the lowest meiting

. tempetratures, resulting inssmall,

1solated blobs of magma. Thess
blobs thgn collect, rise through
conduits.and fractures, and some
uitimately may re-collect in larger
pockets or reservoirs (holding
tanks”) a few miles beneath the

An Idoaﬂzed dnagram of a volcano WM an pceanic enwmnmem uem ang i a couﬁnemam

I: KC - énvironmant (right). '
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Earth's surfag
within the reServoir may drive the
magma further upward through

structurally weak zones to erupt a

. Mounting pressure

5

lava at the surlace. I a continental

environment magmas are gener-
ated in the Earth’s crust as well
as at varying depths in the upper
mantle. The variety of molten
rocks in the crust, plus the
possibility of mixing with molten
matérials from the underlying
mantle, feads to the production of
agmas with widely different
chemical compositions.

If magmas cool rapidly, as
might be expected near or on the
Earth's surface, they solidily to
form igneous rocks that are finely
crysialline or glassy with few

crystals. Accordingly, lavas, which |

of course are very rapidly cooled,
form volcanic rocks typically

characterlzed by a smali percent- .

age of crystals or fragments set
in 3 matrix of glass (quenched
or super-cooled magma) or finer
grained crystalline materials,

lj magmas never nrqach the
surface o erupt and remain deep
underground, they cool much
more slowly and thus allow ample
time to sustain crystal precipita.
tion and growth, resulting in the
formation of coarser grained.
nearly completely crystalline,
igneous rocks. Subsaquent to final
crystallization and solidiflcation,
such rocks can be exhumed by

erosion many thousands or millions

of years later and be exposed as

large bodies ol so-called gramtic

focks, as. for axample. those
_spectacularly. dlsplayed m
Ydsem1te National Park and

: : . .

~d

Two Polynes:an tarms ara u‘sad o idennly
e surface character of Hawailan lava
flows. Aa, a basalt wilh a zough. blocky
appearanca, much like furnase slag, is
show~ at Ihe top, Pahoshoe. a maota fluld
vanely with a smooth,-gatiny and some-
Umes glagsy agpearance. s shown at the

other parts of the majestic Sierra
Nevada mountains of California.
Lava is red_hot when 1t pours
or blasts out of a vent but soon
changes to dark red, gray, black,
or some other color as it cools
and solidifies. Very hot, gas-rich
fava contaiming abundant iron and .
magnesium is fluid and fiows like
hot tar, whereas cooler, 4gas-poor
lava high in silicon, sodium, and
potassium llows sluggishly, like
thick honey in some cases or
in others like pasty, blocky

masses,

bottoms

~
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All magmas contain dissolved
gases, and as they rise "to the
surface to erupt, ‘the gonfining®
pressures are reduced and the
dissolved gases aré liberated
sither quietly or explosively,
if the fava is a thin fluld (not .

viscous), the gases may escape

asily, But if' the lava is thick and
pasty (ﬁTghly wscous} the gases
witl not move freely but will buijld
up tremendous prassure, and
ultimalaly escape with exploswe
vicience; Gases in lava may be
compa{ed with the gas in a bottle
" ot a catbonated soft drink, If yod
put your thimb over the top of the
bottie and shake it vigorously, the
gas separates from the drink and
forms bubbles. When you remove

your thumb abruptly, there is
a miniature explosion of gas and
liquid, The gases in lava behave
in somewhat the same way.
Their sudden exgansion causes
the terrible explosions that throw
out great masses of solid rock
as well as lava, dust, and ashes.
The violent separation of gas
from lava may produce rock froth
called. pumice, Some of this froth
is s0 light—because of the many

_ gas bubples«—-that it floats on

water, In many eruptions, the
froth is shattered explosiveiy nto
small fragments that aré huiled
high into the air in the form of
volcanic cinders (red or black),
volcanic ash (commonly tan or
gray), and volcanic dust,

o

v

Curing the 1959
aruption of Kilauea
tkl. Iountatning
lava and volcanic
debris completsly
blocked several
ol the roads in the
Hawait Valcanoes
Natonal Park, /
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.. Geologists tienerally group‘\vol-

- canpoes nto. four main kinds—

- cinder cones, composite volcanoes,
E - shugld- volcanoes, and lava
T domes, o \

. - \
~ Cinder cones 4

' Cinder cones are the simplest
type of vplcano, They are built,
.. from particles and blobs of ‘-
congealed lava ejected from a
single vent, As the gas-charged
lava is blown violently into the

that solidify and fall as cinders

- 3

air, it breaks into small fragments .,

.

Principal Typeg of Volcanoes S

around the vent to form a girgular
or yval cone, Most cinder cones
have a bowl-shaped crater at
the summit and rarely rise more:
than g thousand feet.or so above
their surroundings. Cinder cones
are numerous in western North
America as well as throughout
other volcanic tefrains of the .
world, .

fn 1943 a cipder cone started
growufg on a farm near.the village
of Paricutin in Mexico, Explosive
eruptions,caused by gas rapidly
expanding and escaping from




molten lava formed cinders that

feli back around the vent, building

up the cone t6 a helight of
1,200 {eet, The last explosive
eruption left a funnel-shaped
depression called a crater at the
top of the cone, After the excess
gases ‘had largely dissipated, the
molten rock quietly poured out
on the surround:ng surface of .
the cone and fmoved downslope
as lava flows, This order of
events—eruption, formalion of -

. cone and crater, lava {low—is

- ———

a common sequence in the
formation of cinder cones,
During 9 years of activity

. Paricutin built a prominent cone,

coverddabout 100 syuare mies
with ashes, and destroyed the
town of San Juan. Geologists
from many parts of the world
studied Paricutin duning its hfetime
and learned a great deal about
volcanisny, its products, and the.
moditication of a volcanic land-
form by erosion,

Q 'fgutin Valca,no, ! exicg, Is a cfndar cone rlsmg apprommalely 1,200 feet atave
= l: lC surroundlng pl n.

| Gl

-
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Composita volcanoes

Some ¢! the Earth’s grandest
mouniains are composite
volcanoes—sometimes called
stratovolcances. They are
typically steep-sided, symmetrical
cones of large dimension built
of alternating layers of lava flows.
volcanic ash, cinders, blotks,
and .bombs and may rise as
much as 8,000 feet above their
bases, Seme of the most conspicu-
ous and beautiful mountains in
the world are composite volcanoes,
including Mount Fuji in Japan,
Mount Cotopaxi in Ecuador,

E
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_ Mount Shasta in California,

Mount Hood in OCregon. and
Mount St, Helens and Mount

“Rainier in Washington, -

Mas: composite volcanoes have
a crater at the summit which
contains a central vent or a
clusterad group of vents. Lavas
either flow through breaks n
the crater wall or issue from
fissures on the flanks of the
cone. Lava, solidified within the
fissures, forms ¢ikes that act as
nbs which greatiy strengthen
the cecne.

The essential feature of 2
composite volcano is a conduit

ramatic ropresentalion of the nterna strulure of a },yplcal composite volcano
. - - S .
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system thrOugh which magma
from a reservoir deep in the
Earth's crust nises to the surface.
The volcano is built up by the
accumuiation of material
erupted through the conduit and
increases in size as lava,
cinders, ash, etc., are added
to its slopes.

When a composite yoléano
becomes dormant, erésion begins
to destroy the cone. As the cone
s stripped away, the hardened
magma fithng the conduit {the
volcanic plug) and fissures

-

T—.\- -

—

{the dikes) becomes exposed,
and it too is slowly reduced by
_erosion. Finally, all that remains
15 the plug and dike complex
projecting above the land surface
—a telltale remnant of the van-
ished volcano.

An interesting variation of a

composite voicanc can be seen.

at Crater Lake in Oregon, From
what geologists can interpret of
its past, a high volcano—calied
Mount Mazama—probably
similar in appearance to present-
day Mount Rainier was once

Shlshaldm Volgano an IMPosing composita cone. towers 9.372 feet abova sea fevel

in the Alavlian lslands. Alaska.

ERIC
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located at this spot. Following

a series of tremendous explosions
about 6,600 years ago, the volcano
tost its top. Enormous volumes
of volcanlc ash and dust wete
expelled and swept down the
siopes as ash flows and ava-
lanches. These large~volume
explosions rapidly drained the
lava beneath the mountain and
weakened the upper part. The
top then collapsed to form a large
depression, which later fliled with
water and is now completely oc-
cupied by beautiful Crater Lake.
A last gasp of sruptions
produced a small cinder cone
which rises abuve the water

Q
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surfac® 3 Wizard Istand in, and
near the rim, of the lake,
Depressions such as Crater Lake,
formed by collapse of volcanoes,
are known as calderas, They are
usually .large, stesp-walled,
hasin-shaped depressions formed
by the colfapse of a targe area
over, and around, a voicanic
vent or vents. Calderas range
in form and size from roughly
circutar depressions 1 to 15
mies in diameter to hugs
elengated depressions as much
as 60 miles long.
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a, Magma. rising upward
through & condull, srupls at
the Earth's surlace to lorm a
volcanic copg. Lava llows
spread over the susrounding

area, Q

The Evolution
of a Composite Volcano:

b, As volcanic acilvity con-
tinues, perhaps over spans of

hundreds of years, tha cone is
built to a graat height angd tava
flows form an exiensive plataau
around ils base. During this
I period, streams entarge ang £
deepen their vallays.

——

e, . When volcanic activity
caases, erosicn stans o
destroy the cone. Aftar thou-
sands of years, the great cong
is str.pped away ‘o expose the
hargenad “'volcanic p.ug” in
the cundwt. During this period
of naclivily, streams broaden
their valleys and digsect Ihe
lava piateau 1o form isolated
lava-capped mesas,

d, Continuad erpsion removes
all races of the cone and the

tand is worn down 10 a surface
of low rakef. All that ramains
is 4 projocting plug or
‘voigani¢ neck,” & smail lava-
capped mesa, and vesuges of he
once lofty volcano and (18 sur-
rounding 13va platsau. i

ERIC .- 0




Shisld volcances

Shield volcanoes, the third type
of volocano, are built almost en-
tirely of fluid lava llows. Flow after
flow poors out in all directions
from a central summit vent, or
group of vents. building a broad,
gently sloping cone of fiat. domical
shape, with 4 profile much like
that of a warrior's shield. They are
built up siowly by the accretion of
thousands of flows of highly fluid
basaltic (from basalt, a hard, dense
dark volganic rock} lava that
spread widely over great distances,
and then cool as thin, gently dip-
ping sheets. Lavas also commonly
erupt from vents along fractures
{(nft zones) that develop on the
lianks of the cone. Some of the
largest volcanoes in th  (orld are
shisld vo0'zanoes, {n northern Cali-
fornia and Oregon, many shield
yolcanoes have diameters of 3 01 4
miles and heights of 1.500 to 2.000
feet. The Hawauan |slands are
composed of hnear chans of these
voicanoes ncluding Kilauea and
Mauna Loa on the islahdg of Hawaii
—two of the world’s most active
volcanoes. The lloor of the ocean

\ 1s mare than 10.000 feet deep at
the bases of the islands. As Mauna
Loa. the largest of the shield volca-
noas {and also the worid s largest
aclive volcanol). projects 13.677
feet above sea ievel. its lop 1s over
28.000 feet above the deep ocean
floor.

In some shie!d-volcano erup-
tions. basaltic fava pours out
guietly from long fissures instead of

central vents and lioods the sur.
rounding countryside with lava

Provided by ERIC.

Mauna Loa Volcano. Hawan, a.g«ant among
the active volcances of the. world, snow.
taoped Mauna Kea Voicanc in the disfance

-

e
flow upon lava llow, forming broad

plateaus. Lava plateaus of this type
can be seen.n Iceland. southeast
ern Washington. eastern Oregon.
and southern ldaho. Along the
Snake River in Idaho, and the
Columbia River in Washington and
Oregon. these lava flows are
beautifully exposed and measure
more than a mile in tota! thickness,
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" Tha intemal structure of a Iypical shield volcano.
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Lava dé,m as

Volcanic or lava domeg are
formed by telatively small bulbous
masses of lava tdo viscous 10 flow’
any great dislance, consequently.
on extrusion.\he lava piles over
and around s, vent. A dome Qrows
fargely by expansion from within,
As it grows its puter surface Cools
and hardens, then shatters, spilling

" loose fragmenté down ils sides.
Some domes form craggy knobs of
spines over the volcae vent,
whereas others form short. steep-
sided lava flows known as

coulees.” Volcanic domes com-
moniy occur within the craters of
on the flanks of large composite

» _  volcanoes. The nearly circular defined by layering’of Tava lanning
" Novarupta Dome that formed upward and outward from the
duning the 1912 eruption of Katma center——indicates that it grew

Volcano, Alaska, measures 800 largely by expansion from within,

teet across and 200 feet high. The  Mount Pelée in Martinique, West
internal structure of this dome—  Indies, and Lassen Peak and Mono

v TG .y
[

e LT

. A sketch of the navbc wrougnt i 54, Pierre Harbor on Martinique during the aruption
E lil‘Cl Mount Peléa sn 180Z. ‘

16
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The Novarupt
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domes in Californja are examples  killed by an incandescent, high-
of lava domes. An extremely de.  velocity ash flow and associated
structive eruption acgop‘npanied hot gases and volcanic dust. Only

a Dome formed during the 1912 erupiion of Katmal Volcano, Alaska -

the growth of a dome at Mount two men sui ‘ved; one because he
Pelée 1n. 1902, The goastal town of  was in a poorly ventilated,

St. Pierre, -about 4 miies downsjope  dungeon-like jail cell and the other -

to the south,was demolished and ., who somehow made his way safely
nearly 30,000 inhabitants were through the burning city.

" Schematic tepresentaticn of the Tnternal siructure ©

4

a typleal vofcanic dom:

1
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Other Volecanic Siruciures
Piugs (necks)

Congealed magma, along with
fragmental volcanic and walirock
mateflals) can be preserved in the
feeding conduits of a volcano upon
cessaton 7f activity. These pre-
served rocks form crudely cylin-
drical masses, from which project
radiating dikes; they may be
visualized as the fossil remains of
‘he .nards of a volcano ithe
so-calied valcanc plumbung Sys-
tem ) and are referred to as
volcamic plugs or necks. The
igneous material in a plug mav
have a range of composition
similar to that of associated lavas
or ash, but may also inciude frag-
ments and blocks of denser,
coarser gralned rocks~—higher in
iron.and magnesium, lower in
silicon—thought to be sampies of
the Earth’s deep crust-or upper
fnantle plucked and transported
by the ascending magma. Many
plugs and-necks are largely nr
wholly composed of fragmental
viicanic material and of fragments
of wallrock, which can be of any
type. Plugs that bear 2 particularly
strong imprint of explosive erup-
tion of highly gas-charged magma
are called diatremes or tuff-
braceig,. .

Vol¢anic plugs are believed to
ogerlie a body of magma which
could be aither still largely liquid
or completely solid depending on

the state of activity of the volzano,

Plugs are known, or postulated, to

O commonly funnel shaped and to

. ERIC»sr downward into bodies in-

[

creasingly elliptical in plan or
elongated to dike-like forms.
Typically, volcanic plugs and necks
tend to be more resistant 1o
erosion than their enclosing rgn:.:k
formations, Thus, after the volcano
becomes inactive and deeply.
eroded, the exhumed plugc may .




stand up in bold relief as an Including diatremes, are found
irreguiar, columnar structure, One elsewhere in the western United
of the best known and most spec-  States and also in Germany,
tacular diatremes in the United South Africa, Tanzania, and
States is Ship Rock in New Mexico, Siberia,

which towers some 1,700 feet
above the more deeply eroded
surrounding plain, Volcanie«p{ugs.

Ship'Rock, San Juan County, New Mexico.
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*, Maars

Also calied “tuff cones,” maars
are shallow, flat-floorea craters
that scientists mterpret_ have

. . formed above dlatremes as a res

|'*"

' .gas or stea.n, deep erosion.of a
" maar, presumably would expose a
diatreme, Maars range in size

from 200 to 6,500 feet across and

are commonly filled with water to_
form natura! lakes. Most maars
have low rims composad of a
mixture of loose fragmenis of

" volcanic rocks and rocks torn

B from the walls of the dlatreme.

" of'a violen} éxpansion of ragmafic

L from 30 to 650 feet deep, and most

O nl Sait Lake Maar, Gatron Gounty. New Maxico.

. 4@ occur in the western -
United States, in tha Eife) region of
ermany, and in other geologically

“young volcanic regions”of the

world. An excellent example of a’

" maar is Zuni Salt Lake in New

Mexico, a shallow saline lake that
occupies a flat-flogred. crafer
about 6,500 feet across and 400
feet deep, lts-low rim.is composed
of loose pieces of basaltic tava
and wallrocks {sandstone, shals,
limestone} of the underlying dia-
treme, as well as.random chunks .
of ancient cryst.'line rocks blasted
upward from great depths.

=




Cryplbvolcanic structures

Some well-exposed, nearly
circular areas of intensely de-
formec sedimentary rocks, in
which a central vent-lise feature is
surrounded by a ring-shaped
depression, resemble volcanic
structures_in gross form. As no
ctear evidence of voicame ongin
couid be found in or near these
structures, scientists initially

~_described them as “cryptovol-

canic," a term now not often used.
Recenf studies have shown that not
all craters are of volcanic origin.
impact craters, formed by cotli-
sions with the Earth of large mete-
oriles, asteroids, or comets, share
with volcanoes the imprints of
violent origin, as eyidenced by
severe disruption, .and even |ocal
melting, of rock. Fragments of me-
teorites or chemically detectabie
traces of extraterrestrial materials
and indications of strong forces
acting from above, rather than from
below, distinguish impact from
volcanic features,

Scientists now generally con-
sider. cryptovolcanic structures

" to be nonvolcanic in ongin, such
“as; impact of extraterrestrial

bodies: subsurface salt-dome
intrusion (and subsequent dissolu-
tion and collapse), collapse caused
by subsurface limestone dissolu-
tion anhd, or ground-water with-
drawal; and collapse related to
melting of glacial ice. An impres-

sive example of an impact structure

is Metecr Crater, Ariz., which is,
visited by thousands of tourists
gach year. This impact crater,
4,000 feet in diameter and 600
feet deep, was formed in the geo-
logic past (probably 30,000-50,000
years before present} by a metsor-
ite striking the Earth at a speed of
many thousands of miles per hour.

in addition to Meteor Crater,
very frash, morphologically distinct,
impact craters are found at thres
sites near Odessa, Tex., as well
as 10 or 12 other locations in the
world. Of the more deeply sroded.
less obvious, postulated mpact
structures, there are about ten well-
established sltes in thke Unitad
States and perhaps 80 or 90 else-
where in the world.
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Types of Volcanic Eruptions

During an episode of activity, a
volcano commonly displays a
distinctive pattern of behavior.
Some miid eruptions merely dis-
charge steam and olher gases,
whereas other eruptions quietlly
exirude guantities ol lava. The

most spectacu'ar eruptions consist

of violent explosions that blast
great clouds of gas-laden debris
into the atmosphere,

The type of volcanic sruption is
often labéled with the r sme of a
well-known volcano where char-
acteristic behavior is similar—
hence the use of such terms as
*Strombofian,” "Vulcanjan,”
"Yesuvian, ' ‘Pel€an,” "Hawanan,"
“Phreatic” and others., Some vol-
canoes may exhibit only one . har-
actenstic type of eruption du. ag an
interval of activity—others may
display an entire sequence of
types. '

in a Strornbolian-type erup-
tion observad during the 1965
activity of lrazd Volcano in Costa
Rica, hugs clots ol molten lava
burst from the summit crater to
form luminous arcs through the
sky. Collecting on the flanks of
the cona, lars ciots combined to
stream down .he slopes in fiery
rivulets,

tn contrast, the aruptive acilvity
ol Paricutin Volcano in 1247
demonstrated a ‘Mulcanian-type
aruption, in which & dense cloud
of ash-laden gas explodes from the
crater and rises high above the
peak. Steaming ash forms a
whitish cloud near the upper level
of the cone.

in a "Vesuvian" eruption, as
typified by the eruption of Mount
Vesuvius in Naly in AD. 78, great
guantities ol ash-laden gas are
violentiy discharged to form a
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cauliflower-shaped cloud high
above the voleano,

n a "Peléan” or "Nuée Arde.te”
(giowing cloud) eruption, sych as
occurred on the Mayon Volcano in
Ihe Philippines in 1968, a large
guantity of gas, dusl, ash, and

" incandescent lava fragments ars

blown out of a centrai crater, fall
back, and form longue-like, glow-
ing avalanches that move down-
slope at velocities as great as 100
miiles per hour, Such eruptive
activity can cause great destric-
tion and loss of life if it occurs In
populated areas, as demonstrated
by the devastation ¢ 3t, Pierre
during the 1902 eruption of Mount
Pelée on Martinique. West Indies.
"Hawalian" sruptlons may occur
along fissures or fractures that
serve as linsar_vents, such as
during the eruption of Mauna Loa
Volcano in Hawaii in 1950, of they
may occur at a central vent such
as dunng lhe 1959 eruption in

e S e

Aruitoxt provided by Eic

Kilauea Iki Crater of Kilauea Vol.
cano, Hawaii. In fissure-type
eruptlons, moiten, incandescent
lava spurts from a fissure on the

volcano's nft zone and feeds lava

streams that flow downslope. In

_central~vent eruptions, a founiain .

of flery lava spurts to a haght of
several hundred feet or more.
Such iava may collect in old pit
craters {o form lava [akes, or fo m
cones, or feed radiating flows.

The eruption of Taal Volcano in
the Philippine Islands in 1965
typifles “Phreatic™ (or steam-blast)
behavior, Here, a great column of
steam, dust, ash, and cinders is
blasted to a height of several
thousand feet. This type of violent
eruption is believed to occur when
a large quantity of ground or sur-
face water comes in contact with
hot rock or magma in a voicanic
vent and is instantly and explosive-
ly flashed to steam.




Mayon Volcano,
Philippines, 1968,

E lillcﬂalavea‘volcana. Hawaii Taal Voleane. Phibppmes. 1965.
&y
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Submarsine Volcanoes

gubmarnne volcanoes and voi-

g canic vents are common features
on certain zones of the ocean floor, cause them to behave differently from

Some are active at the present

The unfimited supply of water sur-
rounding submarine volcanoes can

volcanoes on land. Violeni, steam-

time and, in shallow water, disclose blast eruptions take place when

their presence by blasting steam
and rock-debns high above the
surface of the sea. Many others
lie at such great depths that the
tremendous weight of the water
above them resulis in high, con-
fining pressure and prevents the
formation and exnlosive release
of stearn and gases. Even very
iarge, deepwater eruptions may
not disturb the ccean surface.

RIC—~ -. :

sea water pours into active shaliow
submarine venis. Lava, erupting
onto a shallow sea floor or flowing
into the sea from fand, may cool

. so tapidly that It shatters into sand
and rubble. The resuit is the pro-
duction of huge amocunts of frag-
mentai volcanic debris. The famous
“black sand" beaches of Hawaii
were created virtually Instantane-
ously by the violent Interaction




between hot lava and sea water.
On the other hand, recent obser-
vat. s made from desp-diving
submersibles have shown that
some submarine sruptions produce
flows and otier velcanic structures
remarkably similar to those
formed on land. l

During an explosive submarine
eruption in the shallow open ocean,
enormous piles of debris are built
up around the active volcanic vent.
Qcean currents rework the dabrls

—~

Q

in shallow water, while othar debris
slumps from the upper part of
the cone and flows into deep water
along the sea floor. Fine debris
and ash :n the eruptive plume are
scatiered over & wide area in
awrborne ¢louds, Coarse debris in
the same eruptive plume rains into
the sea and settles on the flanks
of the cone. Pumice from the
eruption floats on the water and
drifts with the ocean cusrents
over a large area.

E lc‘abmanne eruption ol Mybpn-gho Voicane. Jzu istands, Japan on S__eptambar 23, 1852
‘
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Geysers, Fumaroles, and Hot Springs

Geyse§s, fumaroles (also called
soifataras), and hot springs are
generally found in regions o young
volcanic activity. Surface water
percolates downward through the
rocks below the Earth’s surface to
high-temperature regions sur-
rounding 2 magma reserver, either
active or recently solidified but
still hot, There the water s heated,
becomes less dense, and rises
back to the surface along fissures
and cracks. Sometimes these
features are called "dying vol-
vanoes” because they seem to
represent the last stage of voicanic
activity as the magma, n depth,
cools and hardens,

O LRI T TR e, TR e T

Erupting geysers provide spec-
tacudar displays of underground
energy suddenly unleashed, but
their mechanisms are not com-
pletely understoed. Large amounts
of hot water are presumed to fill
underground cavities. The water,
upon further heating, is violently
ejected when a portion of it sud-
denly flashes into steam. This
cycle can be repeated with re-
“markable regularity, as for
example, at Old Faithful Geyser in
Yellowstone National Park, which
has erupted on an average ol
about once #very 65 minutes.

Fumaroles, which emit mixtures
of steam and other gases, are fed

: e
E MC'M Faithfut Geyser. Yetiowstons Natonal Park Wyoming.
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by conduits that pass through the
water table before reaching the
surface of the ground. Hydrogen
sulfide {H,8), one of the tvptca[
gases ssuing from :umam\{es
readily oxidizes lo sulphune acid
and native sulfur, This accounts
for the ntense chemical activity
and brightiy colored rocks in many
thermal _areas.

Hol springs occur in many
thermal areas where the surface

of the Earth inlersects the waler
table, The temperature and raie of
discharge of hot springs depend
on factors such as the rate at '
which water circuiates through the
system of underground channei.
ways, the amount of heal supplied
at depth, and the extent of dilution
of the heated water by cool ground
water near the surface.

Black Growter steam
verls {fumaroles),
Norris Basin. Yellow -
stone Mational Park.
Wyomming,

I: MC Mammo:h Hol Springs. Yellowslone Mationat Park Wyommg

Aruitoxt provided by Eic:
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Voicano Environments

There are more than 500 active
volcanoes (those that have erupted
at ieast once within racorded his-
tory} in the wortd—50 of which are
in the United St’a_tes (Hawait,

Alaska, Washingion, Oregon, and
California)—although many more
may be hidden under the seas.
Most acilve volcanoes are strung
like beads along, or near, the

T
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margins of the continents, and
more than half encircle the Paeific
Ocean as a “Ring of Fire,”

: Many voleanoes are in and
around the Mediterranean Sea,

: Mount Etna in Sicily is the largest
and highest of these Mmountains,

Italy’s Vesuwus is tha only active
volcano on the European mainiand.
Near the island of Vulcano the
volcano Stromboli has been in a

The distribution of same of fhe Earth's
volcanoes.
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..+ state of nearly continuous, mitd the oceanic crust, Basaltic mag-
- - aruption since sarly Roman times.  mas, generated In the upper
- . At night, sailors in the Mediterra-  mantie bensath the ridge, rise

nean-can see the glow from the along fractures through the basaltic_
fisry molten matér?al that s hurled tayer. Because the granitic crustal
into the air. Very appropriately, layer Is absent, the magmas are
. Stromboli has been called “the not appreciably modified or

lighthouse of the Mediterranean.” changed in compaosition and thay
“Some volcanoes trown island . ) 3
araas lying ‘near the continenis, o .=
. -and othets form chains of Islands - R
in the.deep ocean basins. Voi- N s oD
candes tend to cluster .long . gl T
narrow mountainous bells where
_ falding.and fractusing of the rocks .
provide channelways 10 ‘he surface .
for the escape of magma. Sig-
nificantly, major earthquakes also
~ occur along these belts, indicating
3 that volcanisn and seismic activity
..- - are often closely related, respond-
' ing to the'same dynamic Earth

forces, .
i in & typlcal "island-arc!’ envis
Y ronment, voicanoes Ile along the

_crest of an arcuate, crustal rldge
] bounded on its convex side by a
deep oceanic rench, The granite
.or granitelike iayer of the continen-
.. .. 1al erust extends beneath the
o ., ridge to the vicinity of the trench.
' Basaltic magmas, generated in
the mantle beneath the ridge, rise
along fractures through tha granitic
. layer, These magmas commonly
. will be modified=or changed in
. composition during passage
through the granltic layer and
arupt on the surface o form vol-
] canoes bwit largely of no nbasaltlc
rocks,
in a typical “oceanic” environ-

ment, volcanges are alined along
o the crest of a broad ridge that
EKC marks an active fracture ayatam in

wll Toxt Provided by ERIC




erupt on the surface to form the mountain root, rise slowly or

. baszltic voicarioes, _ intermittently afong fractures in
~In the typica! “continental” the crust, During passage through

. environment, voicanoes are lo- the granitic layer, magmas are
. cated in unstable, mountainous commonly modified or changed in
.. belts that have thick roots of composition and erupt on the sur-
_ granite_or.granitelike rock. Mag- _ face to form volcanoes constructed

__mas, generated near the base of  of nonbasaltic rocks.




it

Piate-Tectomcs Theory

According to the new, generally  not associated with piate
accepted "plate-tectonics” theory, boundaries, and many of these
scientists bel:eve“ that the Earth's so-cailed "intra -plate” volcanoes
surfaoe is brokan into a number of form roughly iinear chains in the . )
sh:fting slabs or plates, which interior of some. oceapic-plates,.. -
" average about 50 miles in thick- Thé Hawaiian islands provnde per-.. ...
“Ness, These plates move relatlve haps the best example of an "intra-
~ to one dnother above a hotter, plate’ volcanic chain, developed - ...
'deeper more mobils zone at . by the northwest-moving -Paciflc _ - ...
“Taverage rates as greatas afew = plate passing over an inferred = ;.
_Inches per year. Most of the world's  “hot spot” that initiates .the . =
active volcanoes are located along magma-generation and volcano— D
or near the boundaries betwaen formation process, The peripheral ..
" ghilting plates and are called -areas of the Paciiic Ocgan.Basin, -
, “Plate-boundary” volcanoes, How- contammg the, boundanes of sev-. . ..
aver, some activa volcanoes are eral platas are dotted by many

nn




¥ active volcanoes that form the so-
A cailed “Ring of Fire,"" The “Ring"
provides e_xt_:ellent exampies of.
. "plate-boundary” voicanoes, in-

- cluding Mount St, Helens.
~ The accompanymg figure shows
_ the houndaries of lithosphere

. .plates that are presently active.
The double lines indicate zones of
} .spreadmg from which plates are

sho\ Zones ‘of “Underthrusting -

L)

T Platevig

' _ uncertain '}
- Y4

~1

RAS!AN PLATE .

). i
.l F

'{subduct:on), where one plala is

sliding beneath another. The barbs
on the lines indicate the ovetriding
plate, The §ingle line defines a
strike-slip fault along which piates
are sliding horizontally past one

another, The stippled areas indicate

a part of a continent, exclusive of
that along a plate boundary, which
is uadergoing active extsnsional,
compressional, or strike-slip

-~moying apart. The lines with barbs . fauitlng.

- Taemmmmmnden . J. boundary.«q

In Ihe Pac!lic'Nonhwast. the Juan da
Fuca Plate plungas beneath the North
Arati¢an Plate, locally melting at deplh:

o magma tises lo feed aed lorm the

_Gascade volcanoes.
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Extraterrestrial Voleanism

vol¢anoes and volcanism are
not r¢sinicted to the planet Earth,
. .Manned and unmanned.planelary.
explorations, beginmung 10 the late
1960's, have furnished graphic

_evidence of past volcanism and ns

_’_”_,.,’—‘ +
:
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prinCepal Hawanan lslands at the same scale (Manner § Image Mosarc,

aéery of Olympus fons Volcana on Mars compared to the @
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products on the Moon, Mars. Venus
" and other planetary bodies. Many
pounds of volcanic rocks were
collected by astronauts during the
various Apollo lunar landing mis-_
sions, Only a smalt fraction of -
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thase samples have been syb-
jected to exhaustive study by
scientists, The bulk of the mater:al
is stored under controlied-
environment conditions at NASA's
Lunar Receiving Laboratory in
Houslon, Tex., for future study by
scientists. .

From the 1976-1979 Viking
mission, scientists have been able
to study the volcanoes on Mars
and their studies are very reveal-
ing when compared with those of
volcanoes on Earth. For example,
Martian and Hawaiizn volcanoes
closely resemble sach other in
form. Both are shield volcanoes.
have gently sloping Hahks, iarge
multiple collapse pits at their
centers, and appear to be buit

s e

of fluid lavas that have lelf numer-
ous flo featurss on their flankse
The most obvious difference be-
tween the two 1s size. The Martian
shields are enormous. They can
grow to over 17 mies i height
and more than 380 miles across, n
contrast to a maximum helghi_ of
about & miles and width of 74
miles for the Hawaitan ShIEIdS.-\
Voyager-2 spacecraft image
taken of Io, a moon of Jupiter, |
captured vofcanoes i: the actuai
process of eruption, The volcamc
plumes shown on the image rise
some 60 to 100 miles-above the
surface of the moon. Thus, active
volcanism is taking place, at |
present, on at .east one planetary

body in addition to our Earth,

- —

,Toacesraft image. made ‘n July 1878, shows voloamt plume rsing some 60 to 100
E lC«es above the surtace of (o a ravon of Jupiter (Vovager 2 phtio. NASA} -
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- Volcano Mnnitoring and Research ST

It has been said that the science
of “volcanology" originated with
the accurate descriptions of the
eruption of Vesuvius.in A.D. 79
contained in two letters from Pliny .
the Younger to the Roman his-
torian Tacitus. Pliny's letters also
described the death of his uncle,
Pliny the Elder, who was Killed in

lhe eruption, Actually however, it , “Jaggar, Head of the Geology De-

was not until the 19th century that
Serious scientific inquiry into voi-
canic phenomena flourished as
part of the general revolution in
the physlcal and life sciences, in-
cluding the new science of "geol-
©ogy.” In 1847, an observatory was.
established on the flanks of
Vesuviusy upslbpe from the site of.
Herculaneum, for the more or less
continudus recording of the activity
of the volcano that destroyed the

The US Gealagicaj Survey s Hawailan volcano Obsewatory. on Lha crater dm of

I: lC KHavea Volcano.
o )

the city in A.D. 79, Still, through
the first decade of the 20th cen-
tury, the study of volcanoes by
and large continued to be of an
expeditionary nature, generally .o
undertaken after the eruption had =
begun or the activity had ceased.
Perhaps. “‘mode=" volcanology
began in 1912, whe ““omas A.

partment of the Massachusetts
Institute of Techiiology, founded
the Hawaiian Volcano Observatory
(HVO), located on the rim of
Kilauea’s caldera. Initially sup-
ported by an association of Hono-
lulu businessmen, HVO began to
conduct systematlc and ¢ontinuous
monitoring of seismic activity
preceding, accompanying, and
following eruptions, as well as a
wide varisty of other geological,

29




- Loa, two of the

geophysical, and geochemi!:al
observations and investigati
Between 1919 and 1848, HV
administered by various Fe

1248 it has been operated chn-
tinuously by the Geologicay Survey
as part of its Volcano Hatards
Program. The more thay60 years
of comprehensive investigations by
HYO and other sciendisis in Hawaii
have added sub_stalzzlally to our
understanding of

mechanisr.s of

8 eruptive

orld’s most active
voicanoes. Morbover, the Hawailan
Volcano Observatory pioneersd
and refined most of the commonly
used volcano-monitoring téch- "
niques pressntly employed by other
obsarvatories monitoring active
volcanoe$ elsewhere, principally in
ftely. Japan, New Zealand, Lesser
Artilles (Caribbean), Philippines.
and Kamchatka (U.5.5.R.).

What does "“volcanu monitoring”
actually invalve? Basically, it is
the keeping af a detaiied “diary’
of Ihe changes-visible and In-
visible—in a volcano and its
surroundings. Between eruptions,
visible changes of importance to
the scientists would inciude. marked
increase or decrease of steamjng
from known vents, emergence of
new sieaming areas, developmant
of new ground cracks or widening
of old ones, unusual or inexplicatle
withering of pfant life. changes in
the color of minerat deposits
encrusting fumaroles, and any
other direclly observable, and

_ often measurable, featurs that
O night reflect a change in the stite

L 4.-1 _ 41

flauez and Mauna .’

" of the volcano. Of couyse, e

“diary” keeping dunng eruptive
activity presents additional tasks.,
Wherever and whefiever they can
do so safely, scigntists Jocument,
in words and o film, the course of
the eruption/in detail, make
temperature measurements Jl lava
and gas. collect the eruptive
products and gases for subseguent
laboratory analysis, measure the
heighis of lava founiains or ash
plymes. gage the flow rate of ash
ejaclion or lava flows. and warry

.out other necessary observations

and measuren 2nts to fully docu-
ment and characterize the erup-
tion, For each eruption, such

documentation and data coliection .
and aralysis provide another buid- ;

ing block in constructing 2 model
of the characternstic behavior ¢f a
given volcano of type of eruption.
Volcano monitoring also involves :
thé recording and analysis of vol- |
canic phenomena not visible 1o the.
human eye, bJt measurable by
precise and sophisticated instru-
ments. These phenomena inciude
ground movements, earthquakes
(particuiarly those too small to be
felt bv people}, variations ingas
compositions, and deviations n
iocal electrical and magnetis
fields that respond to pressure and
stresses caused by the subter-
ranean magma movements.

Some common melhods used to -

study nvisible, volcano-retated
phenomena are based wn.

1. Measure.nent of changes In
the shape of lhe volcano—vol-
canoes gradually sweil or "inflate
in building up to an‘sruption
because of the influx ol magma
nto the volcano's teservoir of

b
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plumding system’”, with the onset
.of eruption, pressure is immedi-
ately reheved and the volcano
rapidly shrinks or "deflates,” A
wide vanety of instruments, inciud-
g precise spirit-levels, efectronic
tiltmetars,” and electrome-laser
beam instruments, can measure
changes in the slope or tilt” of the
volcano or in vertical and hori-
zontal distances with a precision
of only & few parts in a million.

2,-Pracise determangtio{l of the

location and magnitude of earth-

. guakes by a well-designed seismic
nalwork—as the voicano pflates
by the rnise of magma, the encliosing
rocks are deforrned to the breaking.
point 10 accommodate magina
movement. When the rock ulti-
mately fails to permit continued
magma ascent, earthquakes result.

USGS voléanologist uses a
correlation Speciromeies
(COSPEC) to measure the
sulfur dioxide éontent of
gases egfected during the
Mouni St. Melens eruption.

By carefully mapping out the vari-
ations with time in the locations
and depths of earibquake foci,
scientists in effect can track the,
subsurface movement of magma,
horizontally and vertically,

3. Measurement of changes in
volcanic-gas compaosition and in
magnetic fleld—the rise of magma
high into the volcanic edifice may
aliow some of the associated gases
to ascape along fractures, thereby
causing the, composltion of the
gases {measured at the surface}
to differ from that usually measured
when the voicano is quiescent and
and the magma is too deep to aliow
gas escape. Changes in the
Earth’'s magnstic field have been
noted preceding and accompany-
g sorne eruptions, and such
changes are believed to reflect

—




temperature effects and, or the
content of magnetic minerals in
the magma.

Recording histonic eruptions and
modern y-iCano-monitoring in
themselves are insufficient to fully
determine the characienstic be-
hawor of a volcano, because a ime
record of such information, though
perhaps long in human terms, 1s
much to¢ short in geologic terms
to permut the making of reliable
predichons of possible future be-
havior. An tegral part o1 a com-
prehensive nvestigation of any
volcano mustalso include the

s  careful, systematic mapping of the
nature, volumes, and distnbution
ol the products of prehistonc
eruptions, as well as the detes-
mination of thewr ages by modern
1sofopic and other dating methods.
—-Research on the volcano’s geo:

- logic past extends the data base
for refined estimates of the recur-
rence intervals of active versus
dormant periads in the history of

the past 4,500 years and the ons
most like.v to reawaken to erug®,
*. .. perhaps before the end of this
century.” Their prediction came
true when Mount St. Heiens
rumbled back to life in March of
1980. As of this writing (Juns
1981}, the Mount St. Helens erup-
tive activily continuss and is
characterized by periodic explo-
sive ejection of ash and steam
and,’'or the formation of lava
domes withln the crater, Each ex-
plosive event may partly or wholly
destroy the previously formed
dome,. !

By analogy to its past history,
Mount 8t. Helens can be expecied
to remain intermittently active for
years, posSibly even decades, In
1980 the Geological Survey eslab-
lished a facility in Vancouver,
Wash, to facilitate the increased
monitoring and research on not
only Mount St Helens, but also the
other volcanoss of the Cascade
Range, In many ways, the Van-

the volcano. With such information gegeuver facilily can be considered

in hand, scientists can construct
so-called "volcanic hazards’ maps
that delineaie the zones of greatest,
nisk around the volcano and that
designate which zones are particu-
larly susceptible to certain types
of volcanic hazards (lava flows,
ash fall, toxic gases, mudflows and
associated flooding, etc.}.

A stnkingly successful example
of volcano research and volcanic-
hazard assessment was the 1978
publication {Bulletin 1383-C} by
two Geological Survey scientists,
Dwight Crandell and Donal Mulhi-
neaux, who concluded that
Mount B5t, Helens was the.Castade
Gvolcano most frequently active in
RIC
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“=u9 a sister observatory to the

Hawallan Volcano Observatory.
The research being undertaken at
both ohservatories cam he ex-
pected to provide important com-
parisons and contrasts betwsen the
behavior of the generally non-
explosive Hawallan shleld volca-
noes. Kilauea and Mauna Loz, and
that of the generally explosive
composite Cascade volcanoces,
such as Mount St Helens. Antici-
pated comparative data on which
monitoring techniques might prove
to bé most reliable and diagnostic
on which type of volcano should

_ materially enhance our capability
10 foracast volcanic eruptions. £
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Volcanoes _and People

Volcanoes both harass and help .

mankind. As dramatically and
tragically demonstrated by the
catastrophic eruption of Moun{ St.
Helens on b ay 18, 1980, voicanoes
can wreak iavoc and devastation
in the shor term. However, over
the long tv.M and geolog:c time,
volcanic eruptions and related
processes havé directly and in-
dir~~tly benefited mankind: Vol-
caulc materials ultimately break
down and weather to form some
of the most !ertile soils on Earth.
cultivation of which ha¢ produced
abundant food and fostered
civilizations. People use volcanic
oroducts as building or road-

. .building materials, as abraswve and
cleaning agents, and ‘as raw
.materials for many chemical and
industrial uses. The internial heat
associated wilh young voicanic
systems has been harnessed to
produce geothermal energy. For
example, the electrical energy
generated from The Geysers geo-
thermal field in northern Galiforma
can mest tha present power con-
sumption of the city of San
Francisco. .

The role of the scientists in-
volved with volcano research is
clear. They must continue to im-
prove the capabibty for predicting
eruptions on a longer term as well
as on an .mmediate-term basis.
They must provide the policy-
makers and the general public with
the best possible maps of volcanic
hazards and assessment important
for sound decisions on land-use

“planning,

Scientists still do not fully under-
stand many of the processes at
work inside the Earth and how
tHese p:ocesses relate to volcan-
1ism. What is the ultimate dniving
forca for plate-tectonic move-
ment? How and why does -magma
originate ¥ How do the magma
blobs combine to be transported
{0 the surface? What are the
specific mechanisms for the for-
mation of the different cormpos:
tions of magmas, which n turn
form different jypes of voicanoes?
Geologists and other geoscientists

are striving to better answer these

and other basic questions, because
they know that volcanoes and
voleanic phenomena provide clues
1o the Earth's past, present, and +*
possibly to its future,
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* 7. As the Nalien"s principal consarvalion agency, the Department of the ~ -
_:Interior has responsibllity far mast of our nationaliy owned public = -

£\ < fands and natural rescurces. This incTudes foslarfiy the wisest Use of 57~ =
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people. The Depariment also has a major responsibllity for American Indian reservation
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