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SCIENTIFIC CORRESPONDENCE 

Bubbles in volcanic systems advective overpressure. 
In practice, the necessary conditions 

are probably only partially met in a 
magma chamber1

, as it is known that 
volcanos deform before and after an 
eruption2

, and leakage can occur leading 
to opening of the system3

. We can there
fore consider the overpressure in a 
natural system as the balance between 
bubble rise rate and gas escape, as well 
as deformation of the edifice and com
pressibility of the magma. The mechan
ism of advective bubble overpressure is 
expected to supplement other sources of 
magmatic overpressure such as crystal
lization and magma recharge1.4·5 , but 
acts independently. 

SIR - Many volcanic eruptions are trig
gered by processes occurring in magma 
reservoirs at a few kilometres depth in 
the crust beneath volcanoes. Although 
the approximate sizes and shapes of 
magma chambers and vent systems can 
be determined by geophysical measure
ments , their internal processes cannot be 
observed directly. At shallow depths 
magma contains gas bubbles , and we 
show here how the rise of bubbles in a 
magmatic system may lead to a pressure 
increase sufficient to fracture the sur
rounding rocks and cause an eruption. 

For simplicity, consider a model sys
tem containing a single bubble initially at 
the base of a sealed reservoir of constant 
volume. 

P0 = Pa at h=O (top of the reservoir) ; 
and Po= Pgas = 11RTN = Pa + pgH at h 
=H (bottom of the reservoir) , where P0 
is pressure in the fluid , Pais atmospheric 
pressure , Pgas is gas pressure in the 
bubble , 11 is molar content of the gas , 
and R is the gas constant. 

The bubble can rise to the top of the 
reservoir due to its buoyancy or be 
carried by rising melt, but by the condi
tions listed above, its volume and press
ure cannot change. When the bubble 
reaches the top of the reservoir, the 
pressures are: P0 =Pgas =f1RTIV = 
P3 =pgH at h=O (top of the reservoir) ; 
and Po =P10p+ pgH =Pa+ 2 pgH at h 
=H (bottom of the reservoir) . Thus, the 
bubble has transported the hydrostatic 
pressure at the base of the reservoir to 
the top , thereby increasing the pressure 
throughout the system by pgH. We de
fine this increase in pressure as 'advec
tive overpressure'. 

This concept has been met with some 
surprise within the volcanological com
munity , so we constructed a simple ex
periment to demonstrate the effect. We 
used Plexiglass tube (2.4 m long and 5 
em in diameter) oriented vertically and 
filled with water (see figure) that was 
allowed to degas before the experiment. 
A 4-cm diameter air bubble contained in 
a simple red balloon was placed at the 

Volume of the system is constant. 
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base of the water column, all other air 
was removed from the system, and the 
system was sealed. The balloon, which 
prevented diffusive gas exchange, was 
held at the base of the apparatus by an 
arm which, when released , allowed the 
bubble to rise. A fluid pressure gauge 
mounted at the top of the system indi
cated an increase in pressure from 1 to 
1.25 bars as the bubble rose compared 
with a theoretical value of 1.24 bars. 

Now consider a magma chamber of 
arbitrary width and with a height of 1 
km. If a bubble were to rise from the 
base of the chamber to the top, the 
difference in hydrostatic pressure carried 
by the bubble to the top of the chamber 
would be pgAH = 800 bars. A real 
magma chamber differs from our simple 
model in that magma is slightly more 
compressible than water, and the gas 
volume fraction (many small bubbles) 
of the natural system is less, reducing 
the magnitude of the pressure increase. 
Further, a vent would probably be 
opened long before overpressure reached 
800 bars, but this example illustrates the 
potential potency of the mechanism of 
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Chaperones classified 
SIR - J. Ellis in his News and Views 
article1 arranges molecular chaperones 
into two groups , the hsp70 (DnaK) 
group and the chaperonin group, consist
ing of the GroEL (hsp60) subclass and 
a 
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the TCP-1 (TF55) subclass. This division 
is based on phylogenetics and cellular 
localization . Molecular chaperones act 
sequentially to assist protein folding , and 
are involved in protein targeting and 
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GroEL subclass 
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Analysis of molecular chaperone structure using the Coils algorithm2
. a, Hsp70 (DnaK) 

group; b, chaperonins . Above the output from the algorithm are bars representing levels of 
amino-acid identity along the lengths of these proteins (adapted from ref. 6) (H, high ; M. 
moderate; L, low; blank, none). Positions of predicted coiled-coil domains are denoted by 
amino-acid residue number and relative score quality . Sources of sequences: Hsp70, 
consensus sequence from ref . 6; E. coli DnaK, accession number GenBank K01298; Synech. 
sp. 7942 DnaKI and DnaKII, from Synechococcus sp. PCC 7942 (R.W. and L.A.S., 
unpublished data); E. coli GroEL, accession number GenBank 501432; Synech. sp. 7942 
GroEL (ref. 3), accession number GenBank M58751; TF55, ref. 5. 

485 


	Bubbles in volcanic systems

