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Crystallization ane Disselution
of Minerals
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Nucleation In fluids

Nucleation is clustering of several unit cells (seed

crystal) together to form nucleus.
Nucleus represents the template of crystal growth in
which repetition of crystal structure can develop.

Clustering Nucleation Growth



Crystal growth in fluids:
- Reasons for crystal growth:

A1- lowering of the temperature of the fluid
that has the chemical potential to precipitate
minerals.

A Note//

A 1- all liquids have a liquidus equilibrium temperature
below which nucleation and crystallization can take
place and above which the liquid phase state is
maintained.

A 2- cooling of liquid that capable to totally
crystallization at specific liquidus temperature is rare
In geological environments expect for the production of
ice from water.



A 2-Adiabitic undercooling : effective undercooling
happens as a consequences of changing the
concentrations of solutions. (i.e supersaturation by
evaporitation of water colvent).

A

A Adiabitic undercooling can also be achieved by changing
the composition of fluids. In this process there is
exchange or redistribution of heat.

A Ex: mixing of salt water with meteoric groundwater along
continental margins may lead to supersaturation and crystallization
of calcite or quartz as the ionic strengths of solutions are changed.



A 3- Escape of volatiles from a liquid solution:
crystallization can also occur in response to escape of volatiles
from a liquid solution, which is another example of
composition change generation a effectiveundercooling.

A Ex: most silicate magmas contain dissolved H20, which has
the effect of depolymerizing silicate molecules. When this
H20 separates out as a separation phase, as it does if the
magmatic system intrudes to shallow (low pressure) regions
or to the surface as a lava flow, linkage of silicate polymers is
favored, being one step closer to the formation of stable nuclei
and the crystalline structure of minerals such as quartz and
feldspar.
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An imaginary phase diagram of a
solution with solvent component A and

solute component B.

Due to the solutel solvent interaction
energy, the melting point of the solution
is lowered from that of the pure solute
and solvent components to the eutectic
point.

This phase diagram shows that a crystal
may be grown at a muchlower
temperature than in melt phase growth
by preparing a solution, and that the
resulting crystal is determined not by
which component has the higher
melting point, but by the composition of
the solution. These are the essential
characteristics of solution growth
(Sunagawa 2005).



Controls of crystallization

AThere are four factors control crystallization:

[ 1- the attachment kinetics In the transfer of
solutes to crystal structures at the crystal-liquid
Interface must be favorable.

[

[ 2- there must be a viable mechanism, such as
diffusion or convection, to supply growth
components to the growth surfaces from the fluid
environment.



Controls of crystallization

[ 3- there must be a viable mechanism of removal of
unwanted chemical components in the fluid at the
Interface, also by diffusion or convection.

[ 4- there must be a means by which the heat of
crystallization can be dissipated.

A Note// 1- if any one of these factors fails, crystallization is
slowed or even arrested.

A 2- the overall rate of crystallization cannot exceed the rate of
the slowest step in the system affecting the growth rate.



Mechanisms of crystal growth

A There are three mechanisms of crystal growth on crystal
surface of minerals, these are:

A 1- Continuous growth: attachments take place all
over the surface more-or-less at the same time.

A 2- Layer spreading growth: a single growth layer
forms by attachments along a onemolecule (or one unit
cell) thickness step before start of another layer.

A 3- Spiral growth:  growth occurs from screw
dislocations by attachments along the sloping steps of
continuous spiral.
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