GLY 4310C
LAB 12                                METAMORPHIC ROCKS, PART 4
Contact and Dynamic Metamorphic Rocks
Hornfels is a dense, hard rock created by contact metamorphism. There are many varieties, but all are characterized by small component mineral grains of approximately equal size, and a lack of banding or foliation. Cordierite is often present as irregular included crystals.
Cordierite: Vitreous flecks in matrix, plus a few porphyroblasts
Fine-grained to Aphanitic Hornfelsic Surface alteration (coating) to limonite (yellow) and calcium carbonate (white)

For more information: https://www.virtualmicroscope.org/content/andalusite-cordierite-hornfels

Sample 71 Cordierite hornfels
[image: Cordierite Hornfels, Montana]
   [image: ][image: ][bookmark: _Hlk38197530]In thin section the square and elongate andalusite crystals are white in ppl and low first order colours between crossed polars. These andalusite crystals exhibit unusual crystal shapes with darker inclusion rich zones forming star shapes at the corners of the square cross sections. This variety of andalusite with carbonaceous material preferentially concentrated along crystallographic planes is known as chiastolite. Accompanying the andalusite is another metamorphic mineral, cordierite which forms indistinct, rounded crystals containing many inclusions of biotite and quartz, giving it a mottled appearance. The thin section also contains fine grained quartz, feldspar and biotite. 
For more information: https://www.youtube.com/watch?v=8T_b7SgR9d0
https://www.youtube.com/watch?v=gqzJ8KLCDfE
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[bookmark: _Hlk38196404]Sample 75 Garnet-wollastonite skarnOne of the specimens you will examine is a garnet-wollastonite skarn. The garnet is andradite, a calcium-iron garnet. Most Ca-rich garnets form in calcareous rocks of either contact or regional metamorphic origin. Like all garnets, it is isometric and will remain in extinction under crossed nicols. Wollastonite is a pyroxenoid, a mineral type that is a single chain silicate, like the pyroxenes, but with a distinctly different crystal structure.
Wollastonite: 25-50%
Garnet: 30-50%
Diopside: 20-25%
 

[image: ]

[image: ] [image: ]The thin section exhibits coarse grained calcite with lamellar strain twins, large poikilitic garnet with multiple inclusions. 



For more information: https://www.virtualmicroscope.org/content/wollastonite-skarn-omey-island

[bookmark: _Hlk38197761]The pyroxenoid wollastonite is abundant in this thin section, and appears in fibres and blades, 

For more information: 
https://www.youtube.com/watch?v=0As4BORAj3s
https://www.youtube.com/watch?v=k9LIuqkuLvM
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[bookmark: _Hlk38196508]Sample 82. Talc-tremolite schistThis schist contains two minerals, tremolite and talc, which are usually found in contact metamorphic rocks. Tremolite is a calcium-magnesium amphibole and is usually fibrous or bladed. It is often altered to talc, a hydrous magnesium sheet silicate. Tremolite is generally restricted to low-grade metamorphic rocks. The calcium in tremolite becomes calcite upon alteration. Talc is a common metamorphic product of impure dolomitic limestones. It commonly forms in shear zones and thus may form a schist.
Hand specimen: This Precambrian schist is largely talc but also contains fibrous/bladed tremolite. The tremolite is altered to talc to varying degrees, and so is hard to pick out. The rock has ae greasy feel typical of talc. This sample is 9 cm across.

Talc: 10-75%
[bookmark: _Hlk38196535]Tremolite: 25-90% 

For more information: 
https://www.alexstrekeisen.it/english/meta/talcschist.php
http://museum.gsi.gov.in/cs/VirtualMuseum/articles/1463315480058?resolvetemplatefordevice=true


[image: ]

[image: ]Fibrous talc crystals in a talc Schist from Sellenentobel,Swiss. PPL image, 2x (Field of view = 7mm)


[image: ]For tremolite in thin section:
https://www.alexstrekeisen.it/english/meta/tremolite.php

Fibrous talc crystals in a talc Schist from Sellenentobel,Swiss. XPL image, 2x (Field of view = 7mm)




[bookmark: _Hlk38196457]Sample 88. Cordierite anthophyllite skarnThe other example of skarn is cordierite anthophyllite skarn. Anthophyllite is a magnesium-iron ortho-amphibole. It is usually fibrous but may be poikiloblastic. Anthophyllite is often found in Mg-rich metasomatic rocks, associated with cordierite. Cordierite is favored by low-pressure, high-temperature situations.
[bookmark: _Hlk38196679]Muscovite: 25-30%
Quartz: small scattered grains
Biotite: 20-25%
Cordierite: 5%
[bookmark: _Hlk38196478][bookmark: _Hlk38197283]Anthophyllite: 40-50% 
Hand specimen: This sample from the Idaho Springs Formation contains coarse blades/prisms of tan anthopyllite. The finer material is mostly muscovite, biotite and quartz, but also includes subtle glassy to subvitreous blue and gray cordierite. The sample is 9 cm across.


[image: ]

[image: ]Fibrous Anthophyllite crystals (with moderate interference colors) PPL image, 2x (Field of view = 7mm)


[image: ]Fibrous Anthophyllite crystals (with moderate interference colors) XPL image, 2x (Field of view = 7mm)


[bookmark: _Hlk38197126]Sample 98. EpidositeThe epidosite is indicative of the contact metamorphic facies albite-epidote hornfels facies. Hornfels is a massive rock that has been completely recrystallized during contact metamorphism. Epidote is often formed by metasomatism. The fine-grained textures of hornfels' makes detection of replacement difficult to impossible so other evidence would be needed to decide if this rock were of metasomatic origin.

[bookmark: _Hlk38197149]Plagioclase: 5%
[bookmark: _Hlk38196365][bookmark: _Hlk38197179]Epidote: 95%

For more information: 
https://www.alexstrekeisen.it/english/meta/epidosite.php
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 [image: ]Epitote crystals (gree-yellow). PPL image, 2x (Field of view = 7mm)

 [image: ]Epitote crystals. XPL image, 2x (Field of view = 7mm)
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