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PITCHER, W. (1984). Granite for Everyman. Proceedings of the Shropshire Geological Society, 4, 9-11. Granite 
is a deceptively simple rock, made up of quartz, two feldspars, mica, hornblende. But that is a gross 
oversimplification; there are granites and granites, and each has a different geological niche and tells a different 
story about the earth. 

The variation in the granitic rocks that you see in a large body of granites is not generally set up locally. These 
local variations are set up in individual magma chambers but, for example in Peru, the same granitic rock with the 
same chemistry comes up over 500 km into different intrusions. This means that the variation was already set up 
when the magma started to come up into the crust. Thus the genesis of granite lies down in higher energy levels of 
the crust and cannot be studied simply where they are emplaced. 
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Professor Pitcher began with an apology for the 
technical content of what was to come, explaining 
that modern geology requires such an approach. 

Granite, he said, was known to everyone, but 
the rocks which many people regard as granite are 
often something quite different. Granite is a 
deceptively simple rock, made up of quartz, two 
feldspars, mica, hornblende. But that is a gross 
oversimplification; there are granites and granites, 
and each has a different geological niche and tells 
a different story about the earth. Granites are very 
popular with geochemists who have decided that, 
since it is not possible to go down below the crust, 
then they should examine what comes up from the 
bottom of the crust. 

Even 100 years ago it was known that there 
were different types of granite. A granite is a 
melted rock which requires high heat energy to 
convert rock through the process of granitisation to 
produce metamorphic granite. This high heat 
produces intense regional metamorphism. If a 
granite is intruded as a magma, the heat produced 
is less and lower grade metamorphism takes place. 

About 50 years ago, it became popular to look 
for a connection between metamorphic and 
magmatic granite. That is, as metamorphic granites 
become molten, they migrate into the higher levels 
of the crust and become intrusive, to produce a 
granite series. Granite batholiths occur within fold 
belts (Mobile bells), and also in stable cratons, but 
not in great volume in the latter, so what is the 
connection? As geochemistry progressed, it 
became clear that granite is an end product of 
several processes, through crystal differentiation or 
partial melting of the crust or granitisation, but we 

end up with the same mineralogy. If a granite is 
produced from a basalt or a sedimentary rock, 
there were different sources and it is now possible 
to pick out minute geo-chemical differences. The 
different granites have different petrographic 
characteristics - texture and mineralogy - and the 
different composition depends upon the 
composition of the source rock. There is a 
fundamental reason for the differences. For 
example, if a granite is derived from mantle rocks 
in a crustal situation, that is they are weathering, 
leaving, say, a rock richer in potassium, then the 
ultimate granite will have a higher potassium 
content. These differences can be useful. For 
example, the Russians are well advanced in the 
technique of establishing whether an area is likely 
to yield tin or wolfram, by the type of granite 
present. The types of granite are shown on the 
accompanying diagram. 

It is therefore possible to group granites by 
'genetic' classification on the basis of the 
proportions of minerals: Al:K + Na + Ca, K:Na, 
Fe3:Fe2, stable and unstable isotope 
ratios(87Sr/86Sr, 143Nd/144Nd), and zenoliths. Each 
of the geochemical types belongs in a different 
geological niche. Taking a tectonic viewpoint, 
island arcs have small amounts of granite; the 
margin of Latin America has masses of granite 
together with volcanic rocks; the fold belts within 
cratons, produced by shears, have granites 
emplaced; areas of uplift have granites. There are 
more niches, especially in the mobile belts. 

From work in the laboratory, it is now possible 
to reproduce reasonably accurately the parameters 
of depth, temperature and water content, which are 
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needed to produce different types of granites. Each 
granite type has a different chemical evolution and, 
using the theoretically derived parameters, it is 
possible to state the environmental limits of each 
kind of granite. But the exact effects of trace 
elements like fluorine, or of carbon dioxide, or the 
chemical effects of water in hot melts, are not yet 
fully understood. Also, what does a hot silicate 
melt look like? What is known is that at the 
temperatures at which magmas come into the 
crust, they will be partly crystalline, but this varies 
between types. 

This brings in a new science - rheology. Once 
there is a certain proportion of solid, or bubbles, to 
liquid then the properties of that mixture change 
fundamentally, and pseudo-plastics form. If granite 
magmas are pseudo-plastics, then crystals will not 
settle out; it is pertinent to note that zenoliths in 
granite never touch, because of the physics of this 
type of magma. Therefore, if granites are pseudo-
plastics, then the previous theories of crystals 
settling out become suspect. Note also that the 
rheology varies with the type of granite. 

The variation in the granitic rocks that you see 
in a large body of granites is not generally set up 
locally. These local variations are set up in 
individual magma chambers but, for example in 
Peru, the same granitic rock with the same 
chemistry comes up over 500 km into different 
intrusions. This means that the variation was 
already set up when the magma started to come up 
into the crust. Thus the genesis of granite lies 
down in higher energy levels of the crust and 
cannot be studied simply where they are emplaced. 

How long do all these processes take? This is 
not known with any certainty because radiometric 
work only gives the end date. What must be 
considered is the assembly time of the magma, 
how long it took to migrate up, how long it took to 
cool and how long it took to cool the surrounding 
crust. When these times are added up, they become 
geologic periods, but again this depends on the 
type of granite - Andean granites come up in a 
short time, Hercynian granites over a long time. So 
the process takes something like 10 million years 
and during this long period, for example, 
sediments are being formed on top. 

On a more familiar (to most of us) note, that of 
the shape of the bodies, Professor Pitcher 
reminded us that we usually have two dimensional 

shapes on maps. In the Andes it is possible to see 
9000 feet of a pluton. Geophysical methods, using 
density and gravity anomalies, can tell how far the 
rock extends to depth. Seismic methods will, one 
day, tell-us the shapes of the bottoms of batholiths. 
For now, modelling is relied on, backed by strain 
measurements in the field. 

For the future, much work remains to be done 
on the source rocks. It will become easier to 'tag' 
the different types of granite by their inherited 
minerals. It will be possible to say that a mineral 
was derived from melting an amphibolite. It is 
already possible to tell whether zircons were 
derived from sediments or an igneous rock. It is 
also possible to measure their age and therefore the 
age of the source, since the nucleus of the zircon 
still retains its date of formation. There are isotopic 
proportions which enable the definition of the 
source as mantle or crust. There are very 
sophisticated ways of using rare earth elements to 
say whether a rock has been melted or 
differentiated. So in ten or so years time, it will be 
possible to say that a piece of rock came from the 
mantle, the source rocks were 400 million years 
old, and the granite was intruded at 200 million 
years also when was the source rock melted and 
how long did the granite take to intrude. Granites 
will therefore be classified in the genetic system, it 
will be possible to tell what they were produced 
from, e.g. M type granite is differentiation of 
mantle material, S type granite is the melting of 
sedimentary rocks in basis, the source can be aged 
and then the central question of geology today can 
be answered - how far does plate tectonics go back 
in time and is taken over by other global tectonic 
systems? 

It is likely that plate tectonics does not go back 
much beyond the Palaeozoic, if that far. So, if 
there were other systems in, say, the Precambrian, 
were the granites that were produced then any 
different? 
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