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2 When the plume

: reaches the top of
core : the mantle, basaltic 3 As the plate moves
magma from over remains of the 4 Continued plate
1 Instability at the core- decompression plume, the plume movement over the
- mantle boundary causes melting penetrates tail—now a hot hot spot creates a

a mantle plume to arise, the lithosphere and spot— may form a hot-spot volcano
led by a hot, turbulent erupts as flood basalts. hot-spot volcano. chain.

plumehes: Flood basalts Hot-spot volcano

Lithosphere
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Outer core
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1 A volcanic geosystem
includes interactions

:)e;wee: the g S Central vent
ithosphere an Pipe i Lava flows :
asthenosphere and 5 ...accumulating on the

Side vent surface to form a volcano.

the flux of gases into
the atmosphere

(land volcano) or
hydrosphere
(underwater volcano).

4 Lavas erupt from the magma
chamber through a central
vent and side vents,...

3 ...rises through a“plumbing
system” in the lithosphere to
form a crustal magma chamber.

2 Magma, which originates in
the partially molten
asthenosphere...

Lithosphere
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Prevailing
wind Eruption cloud

Lava dome
Lava dome collapse and
pyroclastic flow

Lahar (mud or
debris flow)
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1 The Pacific Plate has moved 2 ...resulting in a chain of 3 The ages of the mountains are

northwest over the Hawaiian volcanicislands and consistent with plate movement
hot spot... seamounts. of about 100 mm/yr...
o ‘C,)‘I):icearne;(et;nct _ | 170°E 180°E 170°W 160°W
Direction Hot-spot ] I T T T
of plate volcano | | |64.7 Ma ~ 50°N
movement ‘. NORTH 56.2\7’8
e 55.4

~ Midway 27.7

Direction | 4O°N

—:}ss.z

43.47 - .\ movement

30°N

Niihau 5 5/’%‘%
1nau . i
Kilauea 0// -1 20°N
Hawaiian hot spot
/
4 ...and a sharp change in direction
has been dated at about 43 Ma.
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Magmas formed at ocean-continent convergences
At ocean-ocean convergent boundaries,  are mixtures of basalts from the mantle, remelted
magmas originating from partial melting felsic continental crust, and materials melted off
of the mantle give rise to volcanicisland  the top of the subducted plate.They give rise to

arcs erupting mostly basaltic lavas. volcanoes erupting andesitic lavas.
Active volcano Continental volcanic belt
over hot spot A
Island arc : —_ , ‘ ; K
."23*-1-2 e ":‘:_;b‘i 2
T _== " & Extinct volcano
A (-"’l\‘ VT.\,;’«“'/ ‘(:‘--:__" e ﬁ ?.: > 5 ; e
B, AT S g A S e
.\f": < .(,'.v,k . . R
.~ Mid-oceanridge ( :

Plate separation at a mid-
ocean ridge and magma drawn
from a broad region of the

asthenosphere result in basaltic

Continental
crust

Mantle

volcanism and the creation of new plume Continental
oceanic crust and lithosphere. mantle
lithosphere

Plate motion over hot spots creates
midplate chain of basaltic volcanic
islands.
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FIGURE 4-14 Final major eruption of Mount St.
Helens on May 18, 1980. (A) 8:27:00 A.M., view looking
southwest. (B) 8:32:37 A.M. The north slope of the volcano
collapses as an earthquake triggers a massive

landslide and debris flow. (C) 8:32:41 A.M. High-pressure
gas and steam explode horizontally out of the north

(D)

face of the breach with hurricane force. (D) 8:32:51 A.M.
The gas-steam jet extends outward, leveling forests in

its path. It was followed by a surge of pyroclastic flows
and debris. [From F. Press and R. Siever, 1986, Earth, 4th ed.
(New York: W. H. Freeman), Fig. 16-36. Photos copyrighted by
G. L. Rosenquist, 1980.]
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FIGURE 4-24 Mop showing thickness (in

millimeters) of air-fall ejecta from the Mount St. Helens

eruption of May 18, 1980. Contours represent

uncompacted thickness of ash (+ indicates light dusting
of ash; X, no ash observed). The prevailing wind was
generally from the west during the morning of May 18.
Similar thickness maps for other Mount St. Helens

eruptions show very different ash plume directions,
which depend on the wind direction. [From A. M. Sandra-
Woijcicki, S. Shipley, R. B Waitt Jr., D. Dzurisin, and S. H. Wood,
1981, The 1980 eruptions of Mount St. Helens, Washington, U.S.
Geological Survey Professional Paper 1250, ed. P. W. Lipman
and D. R. Mullineaux, Fig. 336.]
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* H,0O (steam),

» CO, (carbon dioxide),

SO, (sulfur dioxide),
 Trace of N,, H,, CO, S, Cl,
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