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What is and How Does Bowens Reaction series Work (YouTube video by Wendy Van Norden)

https://www.youtube.com/watch?v=scYPwhvILVg
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Igneous Rx Classification
A) NORMAN L. BOWEN (N. L. Bowen)
1 1900’s a Canadian geologist studied magma as it cooled

* He demonstrated that as magma cools, minerals from in predictable patterns.

o He then determined that specific minerals formed at specific temperature as
magma cools:

*SEE OVERHEAD DIAGRAM
2 This predictable pattern is called the Bowen’s Reaction Series

¢ It illustrates the relationship between cooling magma & mineral formation

¢ Bowen's Reaction Series is a sequence in which minerals crystallize within
a cooling magma.

(a) Crystallization occurs simultaneously on two branches if lithification

rates are slow enough.
(b) Minerals found at the top of the chart (both left and right columns) form
first during cooling.

(c) Other minerals form in progression (down the table) as temperature
cools.
3 Bowen discovered 2 main patterns or branches of crystallization
¢ First pattern: Discontinuous Branch
(a) Olivine-Pyroxene-Amphibole-Biotite (all ferro-magnesium minerals)
takes turns forming at specific temperatures on this branch.
(b) As the temperature progressively decreases, each takes elements

remaining in the melt and steals from previously formed minerals to
make new minerals.

® Biotite is the last to form in this group, after which all iron and
magnesium remaining in the melt are used up.

(c) Obviously, the available amount of iron and magnesium in the melt
determines the amount of ferro-magnesium minerals formed.
(d) Characterized by an abrupt change of mineral type in the iron-

magnesium groups
® | eft branch represents the Fe-rich minerals, which these minerals
undergo abrupt changes during fractional crystallization
Ist Magma rich in Fe & Mg cools around 1800° C (3,272° F)
2nd Olivine begins to crystallize first till the temperature drops
to 1,557° C (2,835°F)
3rd Then pyroxene begins to form, followed by amphiboles &
then biotite
4th Finally the remaining melt, enriched with silica & oxygen,
crystallize, quartz forms

SUMMARY:

CONTINUED on SECOND SHEET
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Idea (a) Two flavor of Plagioclase minerals (containing calcium and sodium) form on this
branch at the same temperature range as the Discontinuous Branch (Plagioclase is a

Porphyry mixture of Anorthite: CaAl2Si208 and Albite: NaAlSi308).

(b) Characterized by a continuous, gradual change of mineral compositions if the
feldspar group .

- ® Right branch represents the feldspar minerals, which undergo a continuous change of
Vesicular composition
- Ist  Magma cools the first feldspar to form are rich in calcium
Pyroclastic a. Calcium-rich plagioclase minerals (anorthite) form first, robbing the melt of this
element.
2nd  As cooling continues, Ca-rich feldspar change to Na-rich feldspar.

a. As less calcium remains within the melt more sodium elements are used to form a
sodium-rich plagioclase (Albite).

b. Plagioclase is formed until all calcium and sodium is used up in the melt.

Rx examples . Remaining minerals are formed at lower temperatures (Fe/Mg/Ca/Na all used up by
this time)

(a) Magma is now rich in silica, aluminum and potassium.

Orthoclase (potassium-aluminum) (KA1Si308) feldspar is now formed.
If water is present, muscovite may form.
® Otherwise the remaining melt contains only silica, all other elements have been
depleted, and finally forms quartz: SiO3. :

(b) Geologists hypothesize that under certain conditions, newly formed crystals are
separated from magma, & the chemical reactions between the magma and the minerals
stop.

® Crystal separation can occur when crystal settle to the bottom of the magma body,
& when liquid magma is squeezed from the crystal mush to form 2 distinct igneous
bodies with different compositions

(c) In some magma bodies, the minerals form into distinct bands in the order in Bowen’s
reaction series

This results in a layered intrusion
Not sure how they form, scientist think that settling of crystals, flowing currents in
the magma, & temperatures gradients within the magma chambers all play a part
® Layered intrusion can be a valuable source of raw metals
Ist  Some contain very high concentrations of elements such as platinum, chromium,
nickel, & gold

a. Stillwater Complex in Montana is the only source of platinum in the United States

b. Platinum is a critical component in catalytic converters, which reduce the amount of
pollutants that vehicles emit.

SUMMARY:

Igneous Rx form from the cooling of Magma / Lava. They are classified in 2 ways. (1) How they cool: Above the G
(Aphanitic — (FINE=GRAINED) or underground Phaneritic - (COARSE=GRAINED) . (2) Texture or color of minerais
within. This can be Light, intermediate, Dark or Very Dark. There are other types of texture also.
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