Ge 114


Hand Specimen Lab Exercise 4 





Common Igneous and Metamorphic Rock-Forming Silicates, II





Reading: p.267-285 Nesse; p.476-484 and p.548-554 Klein 22nd edition or p. 532-543 Klein and Hurlbut 21st edition


Items to be written and handed in are in bold type.





Goals:


	Learn how to determine the composition of plagioclase from twinning in thin section 


	Learn about triclinic vs. monoclinic K-feldspars, cooling rate, and formation temperature


	What is a “perthite” and what is “tartan twinning”?


	Cleavage angles in pyroxene and amphibole and what causes them


	Learn about metamictization in zircon


 


IIa. Some Silicates In-depth





Feldspars





The feldspars are the most abundant mineral group in crustal rocks.  Thus, we are concerned with identification of the feldspar minerals and distinguishing the various common members of this group in hand sample and under the microscope.  Optical methods are rapid (and inexpensive) and provide comparatively good information about the structural state of the potassium feldspars and the composition of plagioclase feldspars.  You will need to use the petrographic microscope (crossed polarizers and plane polarized light), so check with the TA if you haven’t used the microscope before. 





Plagioclase





1.	The plagioclase feldspar crystals in hand specimen 5-4 and also 5-5 show albite-type twinning.  Look for the polysynthetic twinning striations on the crystal faces, and make a sketch of one crystal (preferably from 5-4) showing the striations.  Identify the crystal axes in the drawing.





2.	The special slide labeled “plagioclase ^ to 010” provides an opportunity to study extinction effects in albite-twinned plagioclase.  In each section of the two sequences labeled “albite” and “labradorite,” determine the extinction angle X'L(010) by averaging the measured angles in the two twin components. See p.272-273 in Nesse for instructions on how to do this (need crossed polarizers).   Determine the compositions of the two plagioclases by comparing your data with Fig. 15.10 of Nesse. 





3.  The rock thin section OM-1 contains abundant twinned plagioclase grains.  Pick 5 to 10 grains in this section and determine the extinction angle for each grain. Use this data to determine the maximum extinction angle in the "symmetrical zone" ( [010] ).  Use Figure 15.10 of Nesse to determine the composition of the plagioclase for this thin section.  Take account of the fact that many of the crystals are zoned. 





Alkali Feldspars





1.	The three alkalis: microcline, orthoclase, and sanidine.  


The ordering of Al and Si in the tetrahedral sites of the K-spar structure determines whether the K-spar is triclinic (completely ordered Al and Si) or monoclinic (partially ordered Al, Si and completely disordered Al and Si).  The degree of ordering of Al and Si is related to the formation temperature and cooling rate of the feldspar!


For each of the three alkali feldspars, list their crystal system and common occurrence (rock type). Check out the figure on p.481 22nd ed. Klein (p.534 21st ed. K&H) and surrounding text for help.  





The difference between monoclinic and triclinic K-feldspars is illustrated with thin sections of monoclinic orthoclase [thin sections 10-1 (001), 10-15 (001), 10-2 (010)] and triclinic microcline [thin section 10-2 ^a].  The sections are cut approximately parallel to the crystallographic planes indicated.  Read about the optical differences between monoclinic and triclinic feldspars and examine these sections to find optical evidence for these differences.  Describe and explain this evidence.  Especially, note the complex twinning pattern (“tartan twinning”) in section 10-2 ^a, and compare it to the albite twinning in "plagioclase ^ to 010". 





2.	Specimen 5-7 is a hand sample of perthite, from the type locality in Canada.  The perthitic structure consists of somewhat irregular bands traversing the crystal.  Examine the bands and describe them, with the help of a sketch.  Pay particular attention to relationships between cleavage and the banded structure.  The dark and light areas correspond to the two feldspar components -- plagioclase and K-feldspar.  K-Feldspar tends to have more iron than plagioclase and commonly develops a hematite-red color.  Try to identify the cleavage planes as (001) or (010), and determine the orientation of the perthite lamellae in relation to the crystal axes.





3. 	Thin section “1470”, cut from specimen 5-7 parallel to cleavage, shows the appearance of perthitic structure in thin section.  Identify the plagioclase and K-feldspar components with a sketch, and describe them briefly.  Which component has the more yellowish appearance under crossed polarizers?  Is the K-feldspar orthoclase or microcline?  Describe it.








 Amphibole and Pyroxene Cleavage





Using one of the large cleavage fragments of hornblende (hand samples provided), measure the angle between cleavage faces using the goniometer.  Compare this value to published values, and also compare it to cleavage angles for pyroxenes.  There are a couple of hand samples of pyroxenes to examine visually, but measuring cleavage angle may be difficult. 


Why do amphiboles and pyroxenes have different cleavage angles?  See p.455 and p.460 in Klein 22nd ed. or p.478 and p.491 in Klein and Hurlbut 21st ed.  


   


Cleavage angles are a useful way to distinguish these two mineral groups even in microscopic sized specimens.  Look at the microscope slide that contains a slice of both hornblende and augite.  You are looking down the c-axis of both crystals.  Sketch the abundant, excellent cleavage of the hornblende and less common, imperfect cleavage of the augite and estimate the cleavage angle for each (or measure them using the rotating stage). 





Metamict Zircons





Reference: Metamict Minerals: A Review by Richard S. Mitchell, in lab drawer.





Large amounts of U and Th can substitute into the zircon (ZrSiO4) structure.  This makes zircon a useful mineral for dating the rocks in which it is found, using the radioactive decay of 238U, 235U, and 232Th.





Examine the thin sections of normal and metamict zircon under crossed polarizers (slides labeled “---”  and “metamict 6500”). Which (normal or metamict) is isotropic under crossed polarizers?  What is the crystal system of zircon?  What happens to the structure of zircon when U and Th decay, forming alpha particles? (Check out figure 1. A., p.216  in Metamict Minerals: A Review)!


Your TA may demonstrate how a Geiger counter reacts to a few large zircons from George’s personal collection.





Compare the color of the natural zircon #2 and the color of the heat-treated zircon #2.  Which color do you think is due to the U4+ ion, and which do you think is due to “self-irradiation”? Why?


 








