A guide for using gravity data across intrusions to make cross sections
Sage Hen Flat exercise
Geologic cross sections are interpretations of data. This can be seen in how geologists have drawn cross-sections of granitic bodies.  Until recently, when a geologist came across a granite in the field, she would typically extend the granites to the bottom of the cross-section.  This was because it was assumed that magma comes up in diapirs, which are km-scale balls of magma that move up in the crust (a very good example of this is a lava lamp – think of the upward moving material as a diapir of magma).  It now seems that this method of getting granites into the upper crust is unlikely.  Rather, magmas come up in dikes and sills, and then congregate into individual plutons.  What this means is that granites are probably not huge "blobs" in three dimensions.
Hints for mapping igneous rocks:

Igneous rocks do not follow the rules that sedimentary beds do. Specifically, igneous rocks:

· do not necessarily continue for long distances

· are not intruded in any particular direction (e.g., horizontal)

· may be discontinuous in time and space (stop and start again)

· they do not have a predictable geometry (with some exceptions, such as sills, dikes, and laccoliths)

· the bottom of the intrusion can have a different geometry than the top of the intrusion (they do not need to be symmetrical)

· they rarely have internal markers for determining fault offset

On the bright side:

· igneous intrusions are often better exposed than sedimentary rocks

· igneous rocks contain most of the economic minerals that we use

· igneous rocks are stronger than other rocks, so are preferentially used for building stones (building stones, tunnels, and dams)

· igneous rocks are the feeders for volcanoes, so you need to understand plutons to understand volcanic hazards

Your assignment:  1) Make a structure contour map of the bottom of the Sage Hen flat pluton; and 2) Construct a cross-section through the Sage Hen Flat pluton with a constrained pluton geometry.
Background
During the Mesozoic, there was a giant magmatic arc along the western United States.  Magmatic arcs form on the overriding plate of a convergent plate boundary (subduction zone) through the upwelling of large volumes of magma.  We can see the eroded remains of this arc as a series of large granitic batholiths (giant magma chambers greater than 100 km2 in area) in the Sierra Nevada, California.  Some of the magmatism gets far enough to the east to wind up the White/Inyo mountains in California during both the Jurassic and Cretaceous.

Geophysical data
In order to make our cross-sections, we need to understand what the shape of the Sage Hen Flat pluton is under the surface of the earth.  However, contacts with igneous rocks can vary so much in orientation and in space that even careful mapping will not allow us to make our cross-sections.  Geophysics is a very useful tool, however, and can provide some constraints.  

A gravity survey was done of the Sage Hen Flat pluton with instruments (see the folder “Gravity” in your Google Earth file), not surprisingly, called gravimeters.  The trick with gravimeters is that they can measure small variations in the earth’s gravitational field due to density differences in the rocks below the instrument.  The Sage Hen Flat pluton happens to be less dense (by somewhere around 0.08 g/cm3) than the surrounding metamorphosed sedimentary rocks and therefore we can resolve the shape of the intrusion at depth. 

At this point, you should work your way through the powerpoint on gravity.

Contour map
     The result from the gravity survey is something called a Bouguer anomaly map.  This map tells you the difference of gravity measurements resulting from the sub-surface geology.  There is typically a negative gravity anomaly around Sage Hen flat resulting from the presence of a granite.  You then invert that data to find the shape of the pluton at depth.  So, you are making a model.  The problem with gravity is that many shapes at depth can result in the same gravity signal at the surface.  Therefore, the model has many assumptions.  First, it assumes that the granite comes to the surface of the Earth (or very near it) everywhere the negative Bouguer anomaly exists.  Second, it assumes that all the granite lies within a single, continuous body.  That is, there are no detached granite blobs at depth.  Third, it tries to match the model to a body that does not have sharp edges or discontinuities (such as fault offsets).
Think about the data
1. Where is the deepest part of the pluton, and how deep does it go?  Does that make sense with other types data that you have?
2. Make a quick sketch (not a rigorous cross-section) along both the NS and EW cross sections.   What is the 2-D shape of the Sage Hen Flat pluton in both the NS and EW cross sections.  
3. Using both of the cross-sectional sketches together (perhaps hold them up on end), describe the 3-D geometry of the pluton.  What is the approximate volume of the Sage Hen Flat pluton? 
4. You drew a cross-section earlier through Sage Hen flat pluton.  Are your cross-sectional sketches and your cross-section consistent with each other?

5. Explicitly think about how this data is consistent or not consistent with the AMS data.  Make a comparison.
6. Explicitly think about how this data is consistent or not consistent with the mineralogy data.  Make a comparison.
7. Compare the gravity inversion to the mapped contacts of the pluton.  Is there anywhere that the map says there is granite, but there is no indication from gravity that it is there.  Remember that the gravity can’t “see” thin (<100 m) sheets of granite.  In these cases, do you trust the geological map more or the gravity inversion more?
8. Is there anywhere that the gravity says there but there is no granite observed?  If so, particularly if the granite is thick, what does this mean?  In these cases, do you trust the geological map more or the gravity inversion more?
Making the cross section:    

You will need to make a cross section along cross section line B-B( of Bilodeau and Nelson (1993).  This depth map can be thought of as a thickness (isopach) map.
1. Make a topographic profile of B-B’.  Don’t forget to label your endpoints.  There should be no vertical exaggeration.
2. Transfer the geologic contacts onto your cross-sections.  These contacts show exactly where the Sage Hen Flat pluton outcrops in the field, so they need be transferred exactly.

3. Use the gravity data to map the thickness (or the “bottom”) of the Sage Hen Flat pluton (or the structure contour map).  This is real scientific data that we are working with, so things are not going to line up perfectly.   

4. Remember to have all the standard features with your cross-sections: title, key with rock units (oldest to youngest), scale (vertical and horizontal), and labels on the units that correspond to map colors.  In the end, what is really neat about the exercise is that you can see the entire plutonic body, using a combination of field mapping and geophysics.  

