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Countering the critics

Granite grain size: 
not a problem for 
rapid cooling of 
plutons
Tas Walker

One objection to the Earth being only 6,000 years old 
as described in the Bible is the claim that the coarse-
grained texture of granites shows they cooled slowly 
over millions of years.  Sceptics allege that if the 
magma had cooled quickly, the texture would have 
been a fine-grained lava-like rock or even a volcanic 
glass.  However, this objection is based on the false 
idea that grain size depends solely on cooling rate.  
Granitic dykes and pegmatites are well-known ex-
amples of granitic rocks that formed when cooling 
was more rapid than the cooling of a pluton.  Also, 
large fine-grained rhyolite bodies show that coarse-
grained texture does not necessarily form when cool-
ing is slow within them.  Crystal size depends on 
many factors, including nucleation rate, viscosity, 
original composition of the melt, pressure variation 
and the amount of volatiles.  In fact, fluid inclusions 
in crystals within granites and the lack of evidence 
of crystal accumulation in the granite plutons indi-
cate that crystallization occurred quickly.  Another 
evidence of rapid crystallization is the presence of 
radiohalos of short-lived isotopes of polonium in 
biotite and muscovite crystals in granite.  Rather 
than being a problem for rapid cooling, the crystals 
point to rapid crystallization.  The Tatoosh pluton in 
Washington State is an example of a shallow granite 
pluton that crystallized quickly after rapid reduction 
in vapour pressure due to a sudden loss of volatiles.  
This is exactly the opposite of the conventional ideas 
on which the sceptic’s claims are made. 

The granite cooling objection

One of the many objections to the Earth being only 
6,000 years old as described in the Bible is the idea that 
large bodies of magma (molten rock) need millions of years 
to accumulate and cool.1–4  Today huge volumes of once-
molten rock, called plutons, are exposed at the surface of 
the Earth, having been unroofed by erosion of the overlying 
material (Figures 1 and 2).  Most plutons intruded into the 
upper crust are of granitic composition.  That is, they are 

comprised mainly of the light-coloured minerals, the feld-
spars and quartz—a composition often referred to as ‘felsic’.  
Although dark minerals such as biotite and hornblende are 
usually present, giving the rock a speckled appearance, they 
are never abundant.  

It is important to remember that such objections to the 
young-age for the Earth are not based on observations, but 
on assumptions about the past.  The behaviour of magma 

Figure 2.  Part of a granite pluton exposed at the surface.  Bald Rock, 
Tenterfield, New South Wales, Australia.

Figure 1.  Upper Mesozoic intrusive plutonic activity affected large 
areas of Queensland, Australia (Scale 1:20,000,000) (after Day et 
al.).44
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deep in the Earth in the past is deduced from evidence 
observed at the surface of the Earth in the present—evi-
dence such as field relationships, laboratory experiments, 
thermodynamic modelling, and isotopic measurements.  
All conclusions about magma behaviour depend directly 
on how the researcher interprets his observations, and his 
interpretations are constrained by what he already believes 
about the past.  

Such beliefs (or assumptions) cannot be checked or 
proven because no one has ever monitored the cooling 
of a pluton as conventionally described.  First, the body 
of magma is inaccessible to direct observation because 
it accumulates deep (supposedly) inside the Earth.  Next, 
the process supposedly occurs over a time frame of tens of 
thousands to millions of years, far too slowly for changes 
to be measured.  And then, the events occurred in the past, 
millions of years ago it is claimed, but no one was present 
to observe them happening. 

Hayward2 illustrates how arguments about the cooling 
of intrusions are based on assumptions.  A persuasive unitar-
ian critic of young-earth geology, he gives the impression 
that the igneous-cooling issue is an open-and-shut case.  
He argues that ‘The mathematical laws of cooling are well 
known, and have been confirmed by countless experiments.  
Consequently, it is not difficult to calculate how long it must 
have taken an igneous intrusion to cool.’  He then quotes 
minimum cooling times for various igneous bodies, all of 
which are greater than 6,000 years.  However, he fails to 
mention that these calculations all assume that the cooling 
is governed by conduction alone—conduction from the 
magma chamber into the surrounding rock.  

That cooling entirely by conduction would represent 
what occurs in the real world is unlikely in the extreme.  
Geologists have long recognised that fluids have played a 
crucial role in the emplacement and cooling of magma inside 
the Earth, and different sources for the fluids have been iden-
tified.5  Those originating from the magma itself are 
called magmatic and hydrothermal fluids and those 
from the country rock are variously called meteoric 
fluids, and connate and ground waters.  During 
the global Flood of Noah, water would have been 
especially abundant!  More about fluids later.

The question of how granite plutons could 
have been emplaced, cooled, and unroofed in a 
couple of months has been soundly answered in 
a number of geological papers by Snelling and 
Woodmorappe.6–8  The key is to interpret the data 
within the framework of the global Flood.  First, 
there is no problem with rapid emplacement of 
liquid magma—it occurs via dykes due to crustal 
movements and can happen quickly.9,10  Interest-
ingly, even the atheist Henke, in his attack on the 
work of Snelling and Woodmorappe, had to admit: 
‘Geologists should accept the possibility of fast em-
placement [of granite plutons] by dykes because it’s 
based on good data’.11  Second, rapid solidification 

and cooling of granite plutons is easily explained when the 
cooling effects of voluminous water are considered.  This 
includes the water rapidly expelled from the magma itself, 
transferring heat in the process.  In addition, the pressure 
of the water being expelled and flashing into steam would 
fracture the pluton and country rock allowing the connate 
and ground waters to set up convection cells and continue to 
remove the heat.6  And finally, large volumes of floodwater 
moving across the Earth during the global Flood explain 
the rapid unroofing.  

The granite texture objection

However, the issue of granite cooling does not stop 
there.  Critics of the biblical age of the Earth argue that the 
texture of granite means it must have cooled very slowly.  
Granite has a crystalline texture of interlocking mineral 
grains ranging from 1–5 mm (Figure 3).  Usually the grains 
are randomly arranged with no regular bands or layers.  
Some granites may contain a sprinkling of larger crystals 
(phenocrysts) within an otherwise coarse and even-grained 
rock.  

A volcanic rock of felsic composition similar to gran-
ite is rhyolite, but it has an entirely different appearance 
(Figure 4).  The main groundmass of rhyolite is very fine-
grained, with crystals so small they are not visible even 
with a hand lens.  A few tiny but visible crystals, such as 
quartz and feldspar, are often scattered through the fine-
grained groundmass.  Flow banding, caused by the parallel 
alignment of the small crystals as the lava was extruded, is 
frequently evident.

Critics argue that granites could not have formed from 
magma that cooled quickly in days or weeks because the 
resulting mineral texture would be fine-grained like rhyo-
lite—not coarse-grained and granitic.12,13  Furthermore if 
the fractures in the granite provided access for cooling by 
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Figure 3.  Typical granitic texture showing the large mineral crystals in hand 
specimen.
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fluids, they argue, there would have been a large variation 
in the cooling rates between the rock near the fractures and 
the rock further away.  This should lead to a differentiated 
texture, with a fine-grained texture near the fractures and a 
course-grained texture in the parts more centrally located.  
But granites generally exhibit a reasonably regular coarse-
grained texture, pointing to slow and steady cooling.  So 
the objection goes.  

This objection is based squarely on the belief that the 
mineral structure of the igneous rock depends solely on its 
cooling rate.  However, confronted with such an apparent 
conflict, the person who believes the Bible would question 
such thinking, and would seek a scientifically credible 
solution consistent with the biblical teaching of a young 
age for the Earth.  Indeed, with a better un-
derstanding of the field data and geological 
processes, such a solution emerges.  It is also 
worth noting that the issue has already been 
discussed by Snelling and Woodmorappe in 
their broader treatment of granites.6  

Field clues that cooling rate is not 
the only factor affecting grain size

The idea that the grain size of an igneous 
rock is inversely related to its cooling rate is 
described by Wambler and Wallace14 in the 
Journal of Geoscience Education as a com-
mon misconception.  They claim it causes 
students to misidentify hand specimens, infer 
the wrong crystallization sequences, and 
ignore the crucial role of volatiles in rock 
formation.  They attribute the problem to 
writers of introductory geology textbooks and 
field guides, and recommend that, in future, 
writers explain how crystal size depends on 
many factors other than cooling rate; factors 
such as nucleation rate, viscosity, original 

composition of the melt, pressure variation and the amount 
of volatiles.  

There are many field clues that suggest grain size is not 
controlled solely by slow cooling over millions of years.  For 
example, dykes are often associated with granite intrusions 
and these also have a granitic texture.  One well known 
example is the dykes discovered in Scotland by James 
Hutton, the father of modern geology.  These showed the 
granite had invaded the fractured country sedimentary rocks 
demonstrating that it had been forced into them as a liquid.15  
Trezise and Stephenson provide more field examples near 
Townsville, Australia, of granitic dykes, one about 10 m 
wide.16  In such dykes the grain size is usually smaller than 
the grain size in the associated pluton, but the individual 
grains are still visible, giving the rock a sugary texture.17  
Such thin dykes should have cooled much faster than a large 
pluton yet they still have visible crystals.  The faster cooling 
has not produced the volcanic rock, rhyolite.  

Pegmatites provide another clue that crystal size is not 
dependent on cooling rate alone.  Pegmatites have the typi-
cal appearance of igneous rocks with randomly distributed 
interlocking crystals such as quartz, feldspar and mica.  
However, pegmatites are extremely coarse-grained, custom-
arily with crystals more than a few centimetres across but 
occasionally as large as 10 m!18  Usually pegmatites are asso-
ciated with intrusive granitic rock bodies, commonly taking 
the form of large veins, dykes, sills or irregular masses.19  
So, although pegmatite bodies are physically smaller than 
the granitic intrusions with which they are associated, and 
should have cooled more quickly, the mineral crystals are 
larger.  That is the opposite of what would be expected if 
crystal size depended on cooling rate alone.  Consequently 

Figure 4.  Typical rhyolite showing the fine-grained groundmass 
containing a few tiny crystals.  
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Figure 5.  The domed rhyolite body at Coolum, Queensland, Australia.  Long columnar 
jointing through the dome suggests that a large volume of lava was extruded at one 
time and would have cooled more slowly inside than at the surface.  Yet the texture is 
fine grained even inside the body.
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geologists explain the larger pegmatite crystals, not due to 
longer cooling time, but due to different physical conditions.  
It is generally agreed that they formed from the last stages 
of the crystallizing magma within the igneous body.20,21  It 
is envisaged that as the magma crystallized, the residual 
melt became more and more concentrated in water, vola-
tiles, alkalis and other elements, which enabled the large 
crystals to form.  

But there is more evidence for the role of fluids in plu-
ton emplacement.  The hot, rich fluids expelled from the 
magma as it intruded the country rock were responsible for 
many of the great mineral deposits in the world.22  These 
include igneous iron deposits and porphyry and hydrother-
mal deposits of copper, silver, lead, gold, molybdenum and 
tin, all in association with felsic intrusions.  Field evidence 
shows that huge volumes of magmatic and hydrothermal 
fluids (and volatiles) were released when these plutons 
were emplaced.  

We have seen that the interpreted faster cooling of the 
smaller pegmatite bodies does not produce smaller crystals.  
Conversely, slower cooling does not necessarily produce 
larger crystals.  Bodies of rhyolite are often relatively large 
(compared with veins, dykes and sills) but they still have 
a fine-grained volcanic texture in the middle of them.  For 
example, a rhyolite intrusion at Coolum in Queensland is 
1000 m long, 800 m wide and rises 200 m above the land-
scape (Figure 5).23  Yet the intrusion has a volcanic rhyolitic 
texture even within rock taken from inside the intrusion in 
a quarry.  If cooling rate was the only factor affecting grain 
size, the inside of such a large volume of magma would cool 
more slowly and produce a coarser-grained texture.  

What are some of the factors, other than cooling rate, 
that affect grain size?  Field evidence shows that granites are 
often associated with folded sedimentary 
rocks, suggesting crustal compression 
was important.  For example, the oroge-
ny (mountain building) that uplifted and 
folded the sediments in part of eastern 
Australia, in what is known as the New 
England Orogen, was typically followed 
with the emplacement of granitic plu-
tons and extrusive rhyolite deposits.24  
Again, it has been long recognised that 
many ore deposits are clearly related to 
mountain building, which in turn is re-
lated to igneous intrusive activity.25  Uni-
formitarians assume compression and 
emplacement took tens of millions of 
years.24  However, when we understand 
that these events occurred during the 
catastrophic Flood,26 we realise that the 
processes occurred in less than one year, 
and may have only taken days.  In this 
case, the dynamic forces of compression 
would have been huge, heating the rocks 
as they were compressed and producing 

colossal pressure changes in the magma generated by partial 
melting.  Pressure affects a material’s melting point which in 
turn affects its crystallization behaviour.  Specifics differ for 
individual materials depending on the relationship between 
pressure, volume, temperature, density, and entropy.

Crystallization theory

The science of crystallization has been developing 
apace because crystallization is widely used in the chemical 
industry, metallurgy and ceramics and so is of enormous 
economic importance.  Today many books are available 
on the scientific understanding of the process.27,28  The 
size of crystals depends on two factors: the rate of crystal 
nucleation and the rate of crystal growth.  Our present un-
derstanding of both these factors is still in its infancy.  If 
the physical and chemical conditions are such that the rate 
of crystal nucleation is high and the rate of crystal growth 
is low, then the product will have abundant fine-grained 
crystals (Figure 6a).  To produce large crystals, as occur 
in granite, the rate of nucleation needs to be low, and the 
rate of growth high (Figure 6b).  Such a situation would be 
produced if the physical and chemical conditions changed 
rapidly, not providing time for nucleation to occur but al-
lowing for crystal growth. 

One laboratory study by Swanson determined that 
crystal-growth rates could reach several millimetres per 
day within polyphase granitic systems.29  With such growth 
rates he concluded that granite could be produced rapidly.  
Swanson found that maximum growth rates of crystals are 
lower in systems which contain a H2O-rich vapour phase and 
higher in systems that are undersaturated with H2O.  This 
means that a sudden loss of volatiles within a magma cham-

Figure 6.  (a) High nucleation rate and low crystal growth rate creates a product with a fine 
grained texture.  (b) Low nucleation rate and high growth rate generates a coarse grained 
product.

a

b
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ber would lead to rapid crystal growth.  Swanson’s work 
demonstrates that long periods of time are not necessary to 
produce the coarse-grained granitic textures.  Another factor 
is the degree of undercooling, that is, the extent to which 
the temperature of the melt is lower than the crystalliza-
tion temperature.  Under conditions of low undercooling, 
a relatively small number of large crystals could be grown 
in a few days.  The degree of undercooling within a magma 
chamber would depend on magma chamber pressure and 
magma volatile content, both of which could be changed 
quickly by the tectonic processes associated with the Flood.  
It is worth noting that this work by Swanson has already 
been discussed in the context of rapid cooling of granite by 
Snelling and Woodmorappe.6

Another laboratory study30 on silicate melts found crys-
tal growth starts at nucleation sites already present before 
the magma cools.  This produces granitic textures much 
faster than previously thought.  

Crystallization theory and practice reveals other clues 
that point to granite crystals having grown rapidly.  First, 
when crystals grow rapidly they trap some of the surround-
ing liquid, forming fluid inclusions inside them.31  In many 
industrial applications it is important to grow crystals suf-
ficiently slowly so they do not have inclusions.  But mineral 
crystals in granite contain fluid inclusions, indicating they 
grew quickly, not slowly over millions of years.  

Second, in industrial applications, special attention 
is needed to prevent crystals settling.32  If the crystals in 
granites formed slowly over millions of years, we would 
expect them to have settled into layers.  The layers would 
reflect the relative density of the crystals and the order of 
crystallization.  There are many igneous intrusions, called 
cumulates, where such layering has occurred.33  The heavier, 
early-crystallizing minerals tend to settle out by gravity, and 
the resultant texture shows clear evidence of concentration 
by accumulation.  But the crystals in granites are reason-
ably homogeneous throughout the pluton, suggesting the 
rock crystallized rapidly before the individual crystals had 
time to settle. 

Layered intrusions commonly occur with mafic in-
trusions where the minerals (such as olivine, pyroxene, 
chromite, magnetite and plagioclase) have a wider range 
of specific gravity, and the magma viscosity was low.  But 
cumulates also occur in some syenitic and granitic intru-
sions,34,35 indicating that under appropriate conditions crys-
tals can settle by gravity from a felsic magma.

Polonium halos

Polonium radiohalos are also evidence that granites 
crystallised very rapidly.  Radiohalos are concentric, disco-
loured circles observed under the microscope in translucent 
minerals such as biotite, muscovite, fluorite and diamond.36–

38  It is generally accepted that they were formed by decay 
of radioactive isotopes at the ‘radiocentre’ of the halo, as 
emitted alpha particles damaged the mineral.  The alpha 

particles left a spherical discoloured region, the diameter of 
which depends on the emission energy of the alpha particle.  
Radiohalos can be erased when the host mineral is heated, 
even at temperatures as low as 250°C.39

A number of different radiohalos have been identified 
and these can be distinguished by the different number of 
concentric rings present.40  The rings have been related to 
the 238U decay series in which eight of the isotopes in the 
series liberate alpha particles when they decay.  The differ-
ent types of radiohalos have been linked to a specific parent 
isotope concentrated in the ‘radiocentre’.  A 210Po parent 
produces a single-ringed halo, a 214Po radiocentre produces 
a two-ringed halo, and a 218Po centre the three-ringed halo.  
238U produces an eight-ringed halo.  

All three polonium isotopes decay very rapidly with half 
lives varying from 164 micro seconds (for 214Po) to 138 days 
(for 210Po).  Polonium halos have been found abundantly 
in minerals from granites from many localities.37  Because 
polonium isotopes have such short half-lives, the processes 
that caused the polonium to separate from its parent ura-
nium and concentrate in the radiocentres must have been 
extremely rapid.  In other words, the mineral must have 
crystallized very quickly after the radiocentre formed for the 
surrounding region to discolour as the radiocentre decayed.  
If the mineral took significantly longer than the half-life 
to crystallize, then the melt would not have preserved the 
effects of radioactive decay.  Snelling suggests that the 
polonium radiocentres were concentrated by hydrothermal 
fluid transport and that the timeframe for the transport and 
cooling of the associated granitic magma was very short, 
perhaps only days.41  

Tatoosh Pluton, Mt Rainer National Park

In the final analysis, geological ideas need to be tested 
in the field, so we will consider an example of a granite 
pluton.  The Tatoosh pluton42 in Mt Rainier National Park, 
Washington State is one case where the field evidence 
contradicts the conventional idea that granite plutons 
formed from slowly cooling magma deep inside the Earth.  
Composed of medium- to coarse-grained granodiorite, the 
pluton is roughly oval in shape and extends under Mount 
Rainier (Figure 7), a large volcano formed from andesitic 
lava.43  Although an area of some 130 km2 of the granite 
pluton is exposed at the surface, the area would be more 
than doubled if the lavas and glaciers of Mount Rainier were 
removed.  Classified as Miocene by its field relationships, 
the pluton shows evidence of shallow emplacement and 
rapid cooling as follows.  

Detailed field characteristics imply that the magma crys-
tallized rapidly due to dehydration under a cover so thin that 
volatiles streamed up through the roof.  One characteristic 
is the presence of vertical strings of large vesicles (cavities) 
near the roof of the pluton.  These cavities were formed by 
the expansion of gas bubbles during the solidification of 
the rock, and suggest the existence of upward streaming 
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volatiles at that time.  Some of the cavities in the rock near 
the roof are lined with well-developed (euhedral) crystals 
projecting into the spaces.  The well-developed crystals 
point to unrestricted growth suggesting crystallization from 
a volatile phase which has subsequently escaped.  This is 
supported by the fact that the crystals in the cavities are 
characteristic of the minerals which crystallize during the 
late stages of a solidifying magma, chiefly quartz.  

Another field characteristic that suggests crystallization 
due to rapid dehydration is a remarkably widespread zone 
of fine-grained porphyritic rock up to 100 m thick or more.  
This zone is adjacent to the roof of the pluton in some areas 
but not in others.  It is difficult to explain how this zone 
could have been caused by chilling by simple conduction 
into the wall rock because we would expect the zone to be 
always present at the top of the pluton.  The fact that it is only 
intermittently present indicates that the zone was produced 
by rapid transfer of heat and volatiles to the surface and this 
almost certainly was associated with volcanic activity above 
the pluton at the surface.  The sudden, explosive liberation 
of the volatiles would have caused an abrupt drop in the 
vapour pressure, causing the remaining magma to solidify 
and form the thick porphyritic zone.   

Further evidence that the processes involved in the 
emplacement of the pluton were rapid and catastrophic is 
the presence of sharply angular rock fragments (volcanic 
breccia) within a large circular zone, possibly at the root of 
a former vent.  The spaces between breccia fragments are 
filled with minerals such as amphibole, quartz, scapolite, 
magnetite and apatite, which are characteristic of deposition 
from the late-stage volatiles.  Some 600 m below this breccia 
the pluton is pervaded by a fine-grained granophyre, appar-
ently the product of a sudden and final crystallization.  This 
evidence suggests that the violent explosion which produced 
the breccia liberated volatiles causing the remaining magma 
to crystallize suddenly. 

One more evidence that the magma crystallized rapidly 
is the almost complete absence of marked flow banding and 
mineral lineation throughout the pluton.  This suggests that 
there was no prolonged period when the material moved as 
a viscous crystal mush.

These field characteristics of the Tatoosh pluton 
indicate that the sudden and explosive creation of voids 
in the pluton, coupled with the upward streaming of 
volatiles, reduced the vapour pressure abruptly, speed-
ing up solidification of the magma.  This example con-
tradicts the conventional idea that granites only form 
from slowly cooling magma deep inside the Earth.

Conclusion

Recent sceptic arguments citing coarse-grained 
granite texture as a case against rapid cooling of gran-
ites are ignoring, either wilfully of carelessly, previous 
creationist work which has addressed crystal size and 

shown it to be an invalid indicator of cooling rate.6  The 
claim that coarse-grained granite textures need long pe-
riods of time to form is based on a misconception—that 
crystal size is inversely proportional to pluton cooling rate 
and that large crystals develop only if they have time to 
grow slowly.  Wampler and Wallace14 recommend that this 
misconception should no longer be taught.  They claim it 
is counter productive to clear geological thinking because 
it discourages students from understanding the possible 
processes of formation.  

Field and experimental evidence demonstrates that crys-
tal size depends on factors other than cooling rate.  These 
include nucleation rate, magma viscosity, original composi-
tion of the melt, pressure variation in the magma chamber 
and the amount of volatiles.  Relevant field evidence in-
cludes granitic dykes, pegmatites and large rhyolite bodies.  
In addition, laboratory experiments on granitic melts show 
that a granitic texture can develop in days.  Furthermore, the 
presence of discoloration halos of the short-lived isotopes of 
polonium in biotites and muscovite in granite are evidence 
of very rapid crystallization.  And finally, in a field example, 
the Tatoosh pluton in Washington State demonstrates that, 
contrary to popular ideas, pluton emplacement can be shal-
low and cool rapidly.  In short, the coarse-grained texture 
of granites presents no problem for the formation of granite 
plutons during the one-year biblical Flood.
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