ANSWERS

Crystal and “glass” formation from a melt and a glimpse into archaeometallurgy through the eyes of a binary eutectic phase diagram
Part 1:

2. Is it possible for you to form crystal-free wax, if so, how?

Example response: Yes…cool it fast.
3. How did the bulk composition of your wax change as you did your experiments?

Response: It never changed…it was always the same since nothing was added or removed.
Part 2:  Glass as a geological material

1. How do you identify glass in a hand-sample? 

Example responses: conchoidal fracture, similar hardness to a glass plate, no crystal faces
2. How do you identify glass in a thin section?


Example responses: isotropic, no pleochroism, flow banding and warping around other crystals.
3. Explain how you can tell when the glass formed in relation to the crystals.


Example responses: the glass fills in the spaces between euhedral crystals so it had to come after the crystals.
4. Could glass form in plutonic environments?  Why or why not?


Example response: No…the cooling rate is too slow in plutonic environments
Part 3: Crystallization & quenching processes and binary phase diagram information for slag

Lab Discussion:

-When using the binary eutectic diagram to look at the cooling history and composition of a slag what assumptions do we make?

Example responses: We assume that it is a closed system and that all the phases are in equilibrium with each other.  We also assume that the crystals are pure spinel.
-If this slag formed from tin smelting and cassiterite was the ore, what do you think the other original ingredients were?  Where is the SiO2 from?

Example responses: There could have been quartz or other silicates intergrown with the cassiterite that just got included in the smelting.  Quartz was actually used sometimes to line the walls of the furnaces to protect the brick/stone. 
1) What are the melting temperatures of pure gehlenite and pure spinel? --1590°C and 2150°C
2a) If we have a melt that plots on this phase diagram at X, what is its bulk composition?

10% Sp and 90% Geh
2b) At what temperature will the first crystals form as melt X cools and what is the composition of these crystals?  1550°C and they will be pure gehlenite
2c)  At 1530°C, what is the composition of the liquid?  15% Sp and 85% Geh
2d) At 1530°C, how much liquid is present and how much of the system is crystalline? 

It’s about 50% crystals and 50% liquid.
3a) Let’s say you analyzed the glass and found that it had a composition equivalent to 30% spinel + 70% gehlenite.  Use the gehlenite-spinel phase diagram to determine the quenching temperature. ~1980°C
3b) Take a look at the picture above and estimate the relative amounts of spinel and glass.  



example response: 60% Glass and 40% spinel
4) Based upon the %’s above and the temperature you determined in 3a, what is the bulk composition of the slag? Correct answer given the above data: 82% Spinel and 18% Gehlenite






