Origins of Mafic Enclaves in the Dinkey Creek Pluton,

Central Sierra Nevada Batholith, California
Answer Key

1. Which are the relationships between the three lithologies in terms of least and most evolved? Which major oxides indicate this?

Answers will vary, but response should mention that high-SiO2 rocks are more evolved and low-SiO2 least evolved. Examples of increases and decrease in concentrations of other oxides (e.g., MgO, CaO, FeO*, K2O, Na2O) are acceptable. I would consider a full credit answer as mentioning normal calc-alkaline differentiation trends.

2. What minerals primarily control the variation of the following oxides: CaO; K2O; TiO2; FeO, and MnO? Be sure to mention all of the possible minerals.

CaO = plagioclase, K2O = alkali feldspar; biotite, TiO2 = biotite; titanite, FeO/MnO = any Iron-bearing mineral. A good answer would note how the FeO and MnO plots are practically identical. 
3. From inspection of the major element plots, are the enclaves and host granodiorite genetically related. Why leads you to this conclusion?

Yes. Their differentiation trends are co-linear, and they overlap.
4. From inspection of the major element plots, are the mafic dikes related to the enclaves and host granodiorite? Why do you conclude this?

No. Their differentiation trends are not co-linear.

5. The plots of Na2O and K2O have considerable scatter. Why might this be so, and what is another way these data could be presented to solve this problem.

Factors affecting alkali trends may be preferential incorporation of Na into amphibole and plagioclase and changing An content in plagioclase with temperature, and with K into biotite, plus the appearance of alkali feldspar as a liquidus mineral. Students should mention fractional crystallization. The usual manner of dealing with this is to graph Na2O + K2O vs. SiO2. 

6. In the Dorais et al. study, they mention that the dikes and host granodiorite have “converging linear trends.” What trace element plots illustrate this and what might you interpret these trends to indicate. Note that it’s even more apparent in the plots with Rb on the X-axis.

If students look at the linear arrays of several plots, the trends of the host granodiorite and the mafic dikes intersect in the field defined by the mafic enclaves. This suggests the two have unique differentiation trends toward different crustal components. This is in conflict with the below observation that some plots show the host rock to be intermediate in composition between the mafic dikes and the enclaves.
7. In a few of the plots of Rb vs. another element or ratio, the host rocks plot in between values for the mafic dikes and the enclaves. Propose a mechanism to explain this. 

Answers will vary, but because the host granodiorite is intermediate in composition between the enclaves suggests that they may be a mixture of the basaltic parent magma represented by the enclaves, with some component of an alkaline melt of crustal rocks exemplified by the mafic dikes. 
8. Finally, write up a summary paragraph describing what evidence there is for or against magma mixing. Be sure to refer to particular graphs when you discuss this.

Answers will vary. A good response would discuss both major and trace element data and cite ideas from the Dorais study. The best answer is that there was mixing of basaltic and tonalitic magma and the enclaves are residual from the basaltic chamber. Students reading the paper by Dorais will find this to be a fairly straightforward question. Credit should be given for ruling out other origins for the enclaves.
