Origins of Mafic Enclaves in the Dinkey Creek Pluton, 

Central Sierra Nevada Batholith, California

INTRODUCTION:

This exercise considers magma mixing and the use of geochemical data to detect such mixing. A compilation of 49 analyses of whole rock chemistry from two studies is provided as an Excel spreadsheet. One part of the exercise is to use the Petroplot add-in to Excel written in Visual Basic by Su et al. at Columbia. 

http://petdb.ldeo.columbia.edu/documentation/petroplot
Petroplot allows you to rapidly plot up the 800+ data points in the spreadsheet, which saves a lot of tedious X-Y graphing time and lets you get right into comparing the chemistry of the enclaves and their host. After plotting up the data, there are several questions to answer.

Dinkey Creek Enclaves:

Abundant mafic enclaves are found in the ~102 million year old Dinkey Creek pluton in the central Sierra Nevada batholith, California (Figs. 1 to 4).  The pluton itself ranges in composition from tonalite in its deepest exposures to granite in higher level exposures. The origin of mafic enclaves around the world remains a topic of considerable discussion. One question is if they represent samples of the parent magma of the magma in which they are hosted. Others have speculated that these are disaggregated mafic dikes are refractory fragments of partially melted country rock such as sediments, or even bits of mafic lower crust. Bateman (1992) notes that early workers in the Sierra Nevada made various observations about enclave size, shape, mineralogy, and varying abundance (e.g., Pabst, 1928). The work by Pabst, in particular, established early on that: (1) most Sierran enclaves, which he termed “autoliths,” are made of the same minerals as the host magma; (2) they have igneous textures; (3) they are often conformable with host rock foliation; (4) flattening and preferred orientation of was related to plastic deformation at the time of host rock emplacement; and (5) their distribution is not restricted to a particular part of most plutons.  Enclave shape in particular (Figs. 1 & 2) has been studied in efforts to understand how magma emplacement and deformation have occurred (Tobisch and Williams, 1998; Cruden et al., 1999). Some recent studies have used whole rock major and trace element analyses to determine chemical differences and trends between the mafic enclaves and host rock to determine if they were genetically related to each other, and if so, how (Barbarin et al., 1989; Dorais et al., 1990). This exercise takes the chemical data from these last two studies and lets you judge for yourself the origin of the mafic enclaves in the Dinkey Creek pluton.

INstructions:

First open the provided spreadsheet and familiarize yourself with the major and trace element data. If the Petroplot add-in for Excel is not on the desktop let the instructor know so you can get this installed. Instructions on how to use Petroplot will be given in the lab and are also available on the above web site. 

Now to make some major element variation —Harker— diagrams using Petroplot. Start by activating Petroplot in the under the heading “Tables” in Excel. Next highlight [by dragging out a box] all sample data in the columns from SiO2 to P2O5. With these data highlighted, go back to the heading “Petroplot” and select “multiple XY plots.” Petroplot will have you confirm the headings and series numbers are in the first two columns and then prompt you to pick X and Y axes. For the first set of graphs, pick SiO2 as the X axis and then pick as Y the oxides of Ti, Al, Fe*, Mn, Mg, Ca, Na, K, and P. You will need to select non-adjacent cells the Y axis window. 

Clicking OK causes Petroplot to rapidly plot up 9 separate graphs of SiO2 vs. the chosen oxides. These are automatically dumped into a new worksheet, which you can re-name for your own reference. You will want to manually scale the X axis and pick a new major value increment (e.g. 5), plus reduce the X axis labels to 2 significant figures. Here’s an example of my plot for CaO.
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Repeat the above steps for plots of the trace elements (Rb, Sr, Ba, Zr), but before doing that, you should make two new columns to the right of the trace elements, with one heading as Rb/Sr, the other K2O/Rb. The idea is to look at the variation of the ratio of two elements to each other, rather than their absolute abundance. As you’ll see, this gives more meaningful information about the relationship of two magmas. For Rb/Sr, just divide the two values. For K2O/Rb, you’ll need to scale K2O since it’s wt. % and Rb is in ppm. Hint: 1 wt. % is 10,000 ppm. Now use petroplot to graph up SiO2 vs. Rb, Sr, Ba, Zr, Rb/Sr, and K2O/Rb. 

Repeat this again, except instead of SiO2, plot up Rb on the X-axis.

All together, you should have three worksheets, one with 9 graphs of major and minor elements, one with 6 graphs of trace elements and the two rationed values, and the last with 5 charts with Rb on the X-axis. 

Questions: Use the charts you’ve made to answer the following questions in a separate write-up. I recommend you read the Dorais et al. (1990) study to help you through the questions.

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

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.

3. From inspection of the major element plots, are the enclaves and host granodiorite genetically related. Why leads you to this conclusion?

4. From inspection of the major element plots, are the mafic dikes related to the enclaves and host granodiorite? Why do you conclude this?

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.

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.

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. 

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. 

When you’re done, please email me your Excel spreadsheet. And hand in a copy of your answers to these questions. If you must print out your graphs, use the page setup command in Excel to force each worksheet to print all graphs to a single page. That way you only are using three sheets of paper. 

Figure 1. Outcrop of mafic enclaves in the Dinkey Creek granodiorite. Note how the enclaves are more resistant to erosion than the surrounding granodiorite. Also, notice the varying shapes of the enclaves. Rock hammer for scale is lying above an opened [image: image2.png]


joint surface. The outcrop is near Camp Fresno just east of the Dinkey Creek ranger station, CA. Photo by Jade Star Lackey.
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Figure 2. Another outcrop of mafic enclaves in the Dinkey Creek granodiorite. Note the dish-shaped enclave above the rock hammer. Outcrop is also near Camp Fresno. Photo by Jade Star Lackey.
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Figure 3. Slab of Dinkey Creek Granodiorite with three typical mafic enclaves. The cut of the slab was not oriented with respect to a preferred orientation to the enclaves. Boxed area is enlarged in Figure 4.  Coin is 14 mm across. Sample collected from area pictured in Figure 1.

Figure 4. Close up of interface of granodiorite with enclave. Note the reaction rims around some of the minerals in the enclave suggesting they were beginning to break down and were in disequilibrium with other minerals in the enclave, the host granodiorite, or both. The granodiorite and enclave both contain plagioclase feldspar, biotite, hornblende, and quartz with minor apatite and titanite.
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