
O
rigins of m

elts and m
agm

as II
The diagram

 and text at right were used in Part I 
of this pair of pages to explain why m

ost m
elts 

originate where they do.  The aspect of the 
diagram

 least considered in Part I was the label 
“partial m

elt”.  This page tries to redress that 
deficiency.
        The table at right shows that the m

elting 
tem

peratures of sialic silicate m
inerals are 

generally less than those of m
afic silicate 

m
inerals, especially when water is present.  

Thus, when a rock (an assem
blage of m

inerals) 
is heated, not all of its m

inerals m
elt at the sam

e 
tim

e.  Instead, those with lower m
elting tem

pera-
tures m

elt preferentially to give a partial m
elt that 

is typically m
ore sialic than the original rock.

That thought about the lower m
elting 

tem
peratures of sialic silicate m

inerals is 
especially true in “wet” m

elting conditions where 
H  O

 is present (see the blue colum
n at right).  

Thus, when dehydration of a subducting oceanic 
plate releases H  O

 that induces m
elting in the 

scenario shown both in Part I and below, the 
result is a significantly m

ore sialic m
agm

a than 
the original m

elting rock.  It was this preferential 
production of sialic m

elt that led the University of 
G

eorgia's Professor Jam
es A. W

hitney, a fam
ous 

igneous petrologist, to give one of his UG
A 

colloquium
 lectures the succinct title “W

hy are 
there granites?  Because there are oceans.”

Railsback's Som
e Fundam

entals of M
ineralogy and G

eochem
istry

Along the dry-m
elting boundary, 

increased vibrational energy of atom
s 

with increasing tem
perature breaks 

m
inerals apart to cause a transition to 

liquid (m
elting).  Because these liquids 

are less dense than the corresponding 
solid m

inerals, decreasing pressure also 
favors m

elting, so that the boundary 
slopes as it does.

Com
pared to the dry m

elting 
boundary discussed above, the “wet”-
m

elting boundary falls at a lower 
tem

perature because H  O
 m

olecules 
bond to the cations of m

inerals and 
help liberate those cations, breaking 
down m

inerals to generate m
elt.

The curves at left are only schem
atic 

and would m
ove with changing rock 

com
position and/or changing water 

content.

2

H
2 O

-induced partial m
elting

at convergent plate boundaries
W

ater released from
 the sub-

ducting oceanic plate at a con-
vergent plate boundary induces 
m

elting that produces island arcs 
and continental arcs.  In the form

er 
case, the result is largely basalt, 
whereas the latter produces both 
grano-dioritic intrusive rocks and 
basaltic to rhyolitic volcanics. 

M
elt

H
2 O

 
       M

elting tem
peratures (°C)

M
inerals

 T
m (P

H
2 O  = 5 kb)    T

m (1 atm
)Dry   

Forsterite (M
g

2 SiO
4 )

1622
1890

 2.0
Diopside (CaM

gSi2 O
6 )

1295
1391

 1.0
Anorthite (CaAl2 Si2 O

8 )
1234

1553
0.25

SiO
2  m

inerals (Q
uartz etc.)

1077
1722

  0
K-feldspar (KAlSi3 O

8 )
  876

1530
  0

Albite (NaAlSi3 O
8 )

  748
1118

  0

(M
g+Ca)

(Al+Si)

Part I of this series drew on concepts presented in webpages by Prof. 
Jonathon M

iller of San Jose State University (geosun.sjsu.edu/~jm
iller/

G
eo1_Lec5_IgRocks.htm

l) and by Dr. John W
. M

erck of the Universiy of 
M

aryland (www.geol.um
d.edu/~jm

erck/geol100/lectures/10.htm
l).  The 

table above is adapted from
 Table 4 of  Railsback 2007 (Am

erican 
M

ineralogist, v. 92, p. 356-369).  These pages also draw on the com
m

ents 
of Drs. Robert Hawm

an and Jam
es W

right of the University of G
eorgia.
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