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Geology 314

Prac 11-12: Alkaline and calc-alkaline series: a comparison
This prac runs for two weeks – 2nd and 9th of May. Conceptually, the 2nd of May should be about alkaline series
, and the 9th on calc-alkaline, but you’re free to decide on how you want to work.

The general aim is to identify the typical features of the two series; studying both together allows to make comparisons, and therefore to understand what is general, and what is specific. The alkaline series, as you will see, if a “strange” realm, with uncommon minerals, rocks and textures.

Your handout will take the form of a table, comparing both series. You will focus on the rock types (IUGS names), textures, minerals and types of minerals (i.e., try to go beyond “amphibole” or “pyroxene” and be more precise), chemical composition. Obviously, your table will be either quite large, or will be accompanied by supporting documents and notes. 
Briefly comment your table and discuss the link between chemistry, mineralogy and textures.

1. Minerals and differentiation

As you can guess by now, the minerals forming rocks in a magmatic series will change with differentiation, such that proposing “typical” mineral associations for a series as a whole has little meaning: basic and acid terms will not have the same assemblage, nearly by definition. 

A simple quantifier of differentiation is the SiO2 content of the rocks (that tends to increase with differentiation, although it is not that simple for the undersaturated alkaline series). Unfortunately we do not have chemical data for all the samples in the collection, and we have to rely on another indicator.
Petrologists commonly use the Differentiation Index (D.I.). The DI is defined as the sum of the percentage (abundance) of the leuco minerals: feldspars, quartz and feldspathoids (the ones that are used in the QAPF classification!). Thus, DI varies from 0 (ultramafic rocks) to nearly 100 (very leucocratic rocks); a typical gabbro or basalt will be at DI around 20-30, granites will be at 80-90. 

The best way to describe the evolution of a magmatic series is, therefore, to build a table or a diagram showing the mineral existing for different DI. This can be done using a diagram similar to the one proposed here (you also had one in the “Chaîne des Puys” story):
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This diagram is a summary of the mineralogy of a magmatic series. It shows the “appearance” or “disappearance” of minerals in a magmatic series, with differentiation. To build it, you need to (1) identify the minerals present in each sample; (2) calculate the DI for each sample; (3) arrange the samples in increasing DI, on the X-axis of your diagram; (4) for each sample, indicate which mineral is or not present; (5) “link” the data points, possibly using different patterns (dotted/solid, fine/thick, etc.) to indicate whether a mineral is accidental, rare, abundant, common…
Here, we work with real (modal) mineralogical contents. In principle, it is also possible to construct the same diagram using normative minerals! It could even be interesting to compare the results of both approaches.
2. Different mineral species

So far you’ve been mostly describing the minerals in term of large groups. Here, you will need to be a bit more precise, and try to identify more finely the mineral species. Sometimes, simple optical information will be extremely interesting; compare for instance the brown amphibole in the calc-alkaline rocks, and its deep green counterpart in alkaline series… As you certainly remember, your DHZ (“Rock-forming minerals”) contains a section on “paragenesis” for each group of mineral.
3. Textures

As you remember, phase diagrams are a potent tool to interpret the textures of igneous rocks. You’ve been using so far mostly diagrams for mafic (basaltic) systems; here is a diagram appropriate for more leucocratic rocks, were white minerals form the dominant components.


[image: image2]
4. Chemistry

The analytical table here (also found on the web as an excel file) gives you sample compositions for rocks belonging to both series. You can use it to calculate norms, to compare the geochemistry of both series, and/or to link with the mineral contents.
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� More precisely, the under-saturated alkaline series; there is also a saturated alkaline series (see lectures and Winter chap. 19), which is far less interesting.
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[image: image3.png][image: image4.png]Figure 209. The system
KAISiO,—NaAlSiO,—SiO, (after
Schairer 1957). In the two
compositional ranges indicated
by shading the liquidus surface
lies below 1050 °C. These two
minima, one on the tridymite—
feldspar boundary and the other
around the feldspar—nepheline—
leucite eutectic point,
correspond approximately to the
compositions of rhyolite and
phonolite respectively.
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