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Lab 7 

Acidic Volcanic and Plutonic Rocks

As you are aware, "volcanic" (s.l.) rocks are either lava flows or pyroclastics. Whereas lava flows have a wide range in compositions (from SiO2 undersaturated rocks as leucitophyres and phonolites, through basalts and andesites to the SiO2 oversaturated dacites and rhyolites), pyroclastic rocks are predominantly acidic or intermediate in composition (although some are basic). In this lab, we will focus on the acidic "volcanic" rocks, and their plutonic equivalents. Many of the samples that you will see this week are from the St. Francois Mountains, MO, which we will visit in our next field trip.

Acidic volcanic rocks belong to one of three groups:

1- Lava flows: e.g. rhyolites, dacites and rhyodacites.

2- Ash flow tuffs: are also known as "ignimbrites" that form by the flow of a cloud of ash and other ejecta downslope to their depositional sites after some violent volcanic eruption. They are therefore poorly sorted and unbedded. 

3- Ash fall tuffs: result from the settling of ash thrown up in the air by a volcanic eruption, and carried away by wind for long distances before its final deposition. They are therefore well sorted and bedded.

Rocks forming from acidic lava flows are described in the same way used for other volcanic rocks. On the other hand, pyroclastic rocks, and in particular ash flow tuffs, have their own characteristic textures and structures.

Characteristics of ash flow tuffs:

1- Occurrence: They occur only in continental settings.

2- Association: They are associated with granitic and intermediate batholiths.

3- Constituents: They consist of: (a) glass shards, (b) phenocrysts, (c) pumice lumps, and (d) lithic fragments. The glass shards are bits and pieces of glass with a variety of shapes and thicknesses (Fig. 1), which depend to some extent on the composition and viscosity of the magma prior to eruption. The phenocrysts are usually broken up or fractured by the eruption. The pumice lumps show various degrees of flattening, depending on their temperature upon settling, and the amount of overburden. Flattened pumice lumps are called "fiamme". The lithic fragments are fragments of any rock constituting the volcanic cone or occurring in its vicinity, which were broken up by the volcanic eruption and incorporated in the glowing avalanche.
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4- Types: Based on the relative abundance of the glass, phenocrysts and lithic fragments, tuffs are classified into three groups:


(a) Vitric tuffs: predominated by glass or glass shards.


(b) Crystal tuffs: predominated by phenocrysts


(c) Lithic tuffs: predominated by lithic fragments.

Crystal tuffs are generally the most common type, as glass shards tend to be blown away over long distances, leaving behind the fragmented crystals to settle. This explains why crystal tuffs have a much larger concentration of phenocrysts than corresponding lava flows, which also makes them poor representatives of the original magma composition.

5- Composition: Compositionally, tuffs are predominantly acidic (either rhyolitic or dacitic), but more basic tuffs are also known.

6- Textures: (Fig. 2)


(a) Vitroclastic: This term is used to describe a rock predominated by glass shards.


(b) Eutaxitic: A term used for rocks with fiamme


(c) Axiolitic: A term used to describe fiamme that have been devitrified, with new crystals growing perpendicular to the fiamme walls.

7- Welding: Tuffs exhibit variable degrees of welding where the pumice lumps tend to be "glued" to each other and to ash. Welding requires residual heat, and can take place at T as low as 580°C. Welding is also a function of the amount of overburden; layers of tuff have a tendency to be welded at the base and unwelded at the top. The higher the degree of welding, the denser the rock and the darker its colour.

8- Alteration: Tuffs are often altered either by the effects of solutions or by magmatic gases. The latter case is somewhat equivalent to the "deuteric alteration" characteristic of plutonic rocks, and is termed "vapour phase alteration". Tuffs that were strongly affected by vapour phase alteration are known as "sillar tuffs", and are enriched in alkalis and halogens.

9- Layering: A sequence of layered tuffs often exhibits interesting features related to compositional zonation in the magma chamber before eruption. If a magma chamber is compositionally zoned, the most differentiated magma would occur at the top of the chamber, whereas the least differentiated at the bottom. Because of this zonation, the first "layer" to be extruded upon eruption would be the topmost or most differentiated layer, and the last would be the least differentiated (Fig. 3a & b). Therefore, a sequence of layered tuffs would show a "reverse" zonation or layering, where the most differentiated tuffs would occur at the base, and the least differentiated would occur at the top (Fig. 3c).


[image: image2.png]talderon

©

ie

InHameds





[image: image3.png],\) Rhyolitic vitric tuff, Shasta Valley, California. Diam. 2 mm. Shows typical

vitrodlastic texture. Arcuate shards of glass lie in a matrik of almost impal-
pable glass dust.

g) Rhyolitic arystal tuff, Etsch valley, Italy. Diam. 2 mm. Broken crystals of
quartz and sodic plagioclase, together with small flakes of biorice, in a matrix
of glass dust and pumice fragments.

c) Andesitic lithic tuff, near Managua, Nicaragua. Diam. 2 m:«. Fragments of
“arious kinds of andesite predominate; between these lies a matrix made up
of plagioclase and pyroxene crystals and pale-brown glass dust.
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[image: image4.png]A. Hyalodacite, near Lassen Peak, California. Diam. $ mm. Phenocrysts of glass
charged, zoned andesine, quartz, green hornblende, biotite, and hypersthene,
in a glassy groundmass stippled with crystallites.

B. Basic inclusion in dacite, Lassen Peak, California. Diam. 3 mm. Laths of
labradorite and calcic andesine, and prisms of reddish-brown oxyhornblende
largely replaced by magnetite and hematite. Interstitial colorless glass and
cristobalite; some of the latter also occurs in spheroids.

C. Pumiceous dacite obsidian, Rock Mesa, near Three Sisters, Oregon Cascades.
Diam. 2 mm. Microphenocrysts of hypersthene and corroded, glass-charged
andesine, in a matrix of colorless vesicular glass.

A. Rhyolite pitchstone, near Shoshone, California. Diam. 2.5 mm. Phenocrysts
of brownish-green hornblende and of andesine, in a base of banded glass
showing perlitic cracks and abundant curved crystallites (trichites).

B. Spherulitic biotite rhyolite, Apati, Hungary. Diam. $ mm. Phenocrysts of
quartz, sanidine, andesine, and reddish-brown biotite in a microfelsitic and
spherulitic groundmass containing amygdules of opal and radiating chalced-
ony.

C. Soda rhyolite (pantellerite), Santa Rosa, California. Diam. 2 mm. Phenocrysts
of sanidine, anorthoclase, corroded quartz, and deep-hrown enigmatite.
Groundmass of quartz and sanidine with needles and mosslike patches of
arfvedsonite, subordinate needles of aegirine, and anhedral specks of enig-
matite. In other specimens from this locality the rhyolite contains abundant
opal and tridymite lining pores.





10- Nomenclature of Tuffs: To give a tuff a "full" name, you must describe the following features in the order they are given:


i- Degree of welding


ii- Degree of devitrification


iii- Mafic minerals (modifiers)


iv- Name (crystal tuff, lithic tuff, ... etc.)

Non-pyroclastic acidic volcanic rocks:

These rocks are almost always glassy with a low modal content of phenocrysts. Unlike pyroclastic rocks, they are characterized by flow structures that can be seen in the field and in thin section. As with pyroclastic rocks, glass easily devitrifies, so much so that it is extremely unlikely to find pre-Tertiary glassy rocks. If the rocks are porphyritic (i.e. vitrophyric) devitrification will be most pronounced next to phenocrysts (which act as sites of nucleation). Devitrification will also result in a felsitic texture, and may produce secondary spherulites which cut across the flow lines. Devitrified rocks are easily classified as rhyolite, rhyodacite, ... etc. because their minerals can be easily identified. However, glassy rocks which have no or very few phenocrysts are more difficult to classify. Glass is often a very good representative of the "true" composition of the magma. Glassy rocks include: 


(i) Obsidian: a black - coloured rock consisting almost entirely of unaltered glass.


(ii) Perlite: a greyish rock with "onion peel" concentric cracks resulting from the interaction of glass with H2O.


(iii) Pitchstone: A greyish glassy rock with a resinous lustre, and containing more H2O than a perlite.

In the first section of this lab, we will examine several acidic volcanic and pyroclastic rocks, and will focus on telling them apart. A summary of the differences between ash flow tuffs and lava flows is given in Table 1.

Table 1

Differences between ash flow tuffs and lava flows














Part A 

Volcanic and Pyroclastic Rocks

Note that all samples in this lab except the 1st 3 have their hand-specimens.
Worked Examples: 

9 “Pumice”:

This sample is highly vesicular and consists entirely of glass. Keep in mind that many pyroclastic rocks contain pumice lumps that are flattened to variable degrees. No work is needed!

35 (3669) "ignimbrite":

This sample contains Qz, San, Na-Plag, and 2ry calcite. Characteristic textures include: eutaxitic, axiolitic, spherulitic and felsitic. The latter 2 textures are due to devitrification (no glass persists any more). The Qz phenocrysts are resorbed. The full name for this sample would be: “Moderately welded, devitrified ash flow tuff”.

34 (3846): Porphyre ignimbrite:

This sample contains phenocrysts of Qz, Na-Plag, Sanidine?, sphene, and an opaque. Note that the quartz in this sample is characterized by undulose extinction, and has a biaxial optic figure (it is strained). The sample also contains Chl, Ep, prehnite?, and clay minerals, all of which are secondary. Notice how there are pumice lumps in this sample that have not been completely flattened. The full name of this sample would be: “Poorly to moderately welded devitrified crystal tuff”.

89158: Ignimbrite:

This sample has beautiful fiamme in which the glass has been chloritized. It also contains lithic fragments of a hypabyssal rock with plagioclase + opaque + some chloritized mafic. 

1-
Give this sample a full name.

2-
Arrange samples 34, 35 and 89158 in order of degree of welding (from least to most strongly welded).

3-
 If you knew that samples 89158, 34 and 35 were collected from 3 layers next to the same volcano, can you predict which one erupted first and which one last (without knowing their stratigraphic order)? State your reasons.

Arco-2: East Central Idaho

1-
List the minerals occurring in this sample, indicating which ones occur as phenocrysts and which are secondary (if any).

2-
What is the general texture of this sample.

3-
Why do you think the Qz phenocrysts in this sample are resorbed, whereas the Cpx ones are not?

4-
Give this sample a "full" name.

Ys-2: Sample from western Montana, close to Yellowstone National Park

1-
List the minerals occurring in this sample, indicating which ones occur as phenocrysts and which are secondary (if any).

2-
List and sketch the different textures that you can identify in this sample.

3-
Give this sample a "full" name.

4-
How do the Arco and Ys samples compare in terms of their (i) devitrification, and (ii) degree of welding? (Hand-specimens will help you here!)

SF-11: Johnson Shut-ins, St. Francois Mountains, MO:

1-
List the minerals occurring in this sample, indicating which ones occur as phenocrysts and which are secondary.

2-
List and sketch the different textures that you can identify in this sample.

3-
Explain why quartz and only one of the 2 feldspars occurring in this sample are strongly resorbed whereas the other feldspar is not. (Hint: refer to Qz-Ab-Or ternary).

4-
Give this sample a "full" name.

SF-12: Johnson Shut-ins, St. Francois Mountains, MO:

This sample contains “lithophysae” (large spherical to elliptical spherulites with central cavities formed by sudden expansion of the spherulite due to increased gas pressure). These lithophysae are filled with Qz ± K-spar which have since recrystallized completely filling the cavity.

1-
List and sketch the different textures that you can identify in this sample.

2-
Give this sample a "full" name.

SF-14: Johnson Shut-ins, St. Francois Mountains, MO:

1-
List and sketch the different textures that you can identify in this sample.

2-
Give this sample a "full" name.

3-
Arrange the Johnson Shutins samples in order of increasing degree of welding (from least to most). (Hand-specimens will help with this).

8: Obsidian:

This sample shows some flow banding, and contains a few crystals of Qz and feldspar. 

1- What is it that indicates that these minerals did not form by devitrification but are original phenocrysts? Support your answer with labelled diagrams.

SF-15: Royal Gorge Rhyolite, Taum Sauk Mountain, St. Francois Mts., MO:

This sample has a felsitic texture, and some spherulites. It also has some very nice granophyric textures, where the quartz has recrystallized into fairly coarse grained crystals.

1-
List the minerals occurring in this sample.

2-
What features indicate that this sample is a lava flow and not a welded tuff?

3-
Are the spherulites in this sample primary or secondary? Why?

12 Unknown Volcanic, Colorado:

1-
List the minerals occurring in this sample.

2-
Is this sample a flow or a tuff? State your reasons.

3-
Name: (short name OK):

Bonus question: (5 bonus points)

Based on your observations so far, if you were interested in the composition of the acidic magma/ lava, which sample would you send for bulk rock chemical analysis a tuff or a lava flow. State your reasons.

Part B

Granites

SF-5: Silvermine Granite, St. Francois Mountains, MO

1-
List the minerals occurring in this sample.

2-
List all important textures in this sample.

3-
Is this granite hypersolvus or subsolvus? State your reasons.

4-
Is this granite metaluminous, peraluminous or peralkaline? State your reasons.

2: Granite, New Hampshire

1-
List the minerals occurring in this sample.

2-
List all important textures in this sample.

3-
Is this granite hypersolvus or subsolvus? State your reasons.

4-
Is this granite metaluminous, peraluminous or peralkaline? State your reasons.

4: Granite, Quincy, Massachusetts

1-
List the minerals occurring in this sample.

2-
List all important textures in this sample.

3-
Is this granite hypersolvus or subsolvus? State your reasons.

4-
Is this granite metaluminous, peraluminous or peralkaline? State your reasons.

Part C

Unknown Hand-specimens

Identify each of samples SF-17, 38H, 1H and 3H. Indicate whether the sample is a tuff or a flow. For each sample, indicate its general texture, and any other textures that you consider significant.

_1077356260.bin

_1077364996.bin

_1077356067.bin

_1077356133.bin

