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Volcanic calderas are found on Earth, Mars,
Venus, and Io (and possibly Europa and Ganymede).
Calderas on each of these planets, although similar in
basic morphology, vary widely in genetic setting,
eruption style, related magma, and size. A caldera is
thought to form during the evacuation of a large shallow
magma chamber which has the approximate diameter of
the resulting caldera [1].  Solidified magma chambers
rarely exist at the surface of other planets, but on Earth,
magma chambers are exposed through uplift and erosion
as plutons of various compositions and tectonic settings.
          The purpose of this study is to construct a database
of terrestrial pluton diameters to compare with terrestrial
caldera diameters, in order to further understand the link
between magma chamber size and caldera diameter.  A
database of terrestrial calderas compiled by Pike and
Clow [2] includes 220 historic calderas of various
tectonic settings, of three main types: stratovolcano
calderas (153 tabulated), shield calderas (35 tabulated),
and ash flow calderas (33 tabulated).  Wood [3] used this
data to find an average caldera diameter for each volcano
type, which we compare to pluton diameters in similar
tectonic settings.  

Nevada was chosen for measurement of pluton
diameters because it has been an area of subduction zone
and extensional magmatism, and because its Basin and
Range province setting provides good exposure of
plutons.  The exposed perimeters of 190 plutons in
Nevada were digitized from United States Geological
Survey and Nevada Bureau of Mines and Geology maps.
The total exposed area of each pluton was calculated and
an effective diameter was defined as the diameter of a
circle having the same area as the pluton.  No plutons
with an effective diameter less than 1 km were included
in the study. Challenges in the study include: obtaining
complete maps for all areas of concern, incomplete
exposure of pluton diameters caused by variation in
depth of erosion, being certain that the pluton has not
been substantially deformed or rotated, discerning if
composition names are standard, and determining
accurately the composition and age of the pluton.  

Of the 190 plutons measured, approximately
42% are granite to quartz monzonite, 44% are
granodiorite, 6% are diorite, and 8% are gabbro.
Approximately 42% are Cretaceous in age, 20% are
Tertiary, 18% are Jurassic, 5% are Jurassic to
Cretaceous, 7% are Jurassic to Tertiary, 2% are
Cretaceous to Tertiary, and 5% have uncertain ages.  In
addition, and 3 plutons are Triassic.

A statistical analysis of the 190 plutons yields
the following results: plutons range in size from 1.0 km
to 23.8 km effective diameter.  The mean is 3.5 km
diameter, the median is 2.3 km, the mode is 1.1, while

the standard deviation is 3.3.  The distribution is not
normal, as evidenced by the skewness of 2.75.  The
included frequency diagram shows total numbers of
plutons falling within the 1-2 km range, the 2-3 km

range, and so on.   

The most common pluton size is between 1-2 km,
with 43% of the plutons in the 1-2 km bin.  The pluton
numbers then drop exponentially, with 22% in the 2-3
km bin, 11% in the 3-4 km bin, 6% in the 4-5 km bin,
and then a few scattered plutons with greater diameters,
with the largest occuring in the 23-24 km bin.

We compare these plutons with the
stratovolcano and ash flow calderas in the Pike and Clow
study, since these come from the same tectonic regime
that exists or has existed in Nevada.  By comparison, the
average stratocone caldera diameter is 5.1 km, and the
average ash flow caldera diameter is 17.7 km, both
substantially higher than the average pluton diameter of
the 190 Nevada plutons of 3.5 km.  This is in accordance
with the observation that ash flow caldera forming
eruptions are rare in the geologic record.

There is a notable paucity of work done in
compiling pluton diameters to date, with the exception of
a study done by Gastil and others [4] on pluton sizes of
the Sierra Nevada Batholith and the Peninsular Ranges
Batholith in Baja California.  The most common size of
387 plutons of compositions ranging from granite and
granodiorite to gabbro measured in Baja Califirnia is 4
km, and the most common size of approximately 500
plutons of similar compositional range measured in the
Sierra Nevada is 2 km.  Both of these sets of data show
a marked tail-off in pluton numbers below their modal
size values, in contrast with the data from the plutons we
measured in the Nevada Basin and Range province, in
which the mode occurs at the smallest measured size.  In
further work,  we will pursue study of gabbro plutons, in
order to apply the pluton-caldera comparison to the
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basalt shield-type volcanoes common on other planets.
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