A guide for recognizing faults in areas with few marker horizons 
Sage Hen Flat exercise
Faults and fractures are very common in most geological environments.  They are typically hard to see, as they erode relatively easily.
Hints for mapping faults in igneous rocks:

Faults in igneous rock often contain the following characteristics:

· presence of fault rocks, such as cataclasite, breccia, or gouge
· linear alignment of springs

· alignment of gulleys and rivers
· straight contacts with wallrock units
The only offset markers you have to deal with in igneous rocks are:

· contacts with wallrock units 

· problem: a contact between an igneous rocks and the wallrocks does not need to be planar.  Rather, the intrusive geometries can be quite complex.
· internal layering or igneous features (dikes, sills)
· internal zonation, such as megacrystic phase of a granite
Think about the map relations
You will want to use: 1) Ernst and Hall map; 2) Bilodeau & Nelson map; 3) The two USGS geological maps (Krauskopf, 1971; Nelson, 1966); and 4) The USGS 7.5’ topographic maps. These are located under the “Maps” folder in Google Earth. NOTE: Google Earth is not able to label lines. To figure out which faults are which in the landscape for this exercise, simply toggle them off and on in the navigation panel.
1. Examine the Tres Plumas area in detail.  What are your criteria for determining faults in granite, based on the known fault exposures there offsetting the overlying basalts?
2. There is a general rule of conservatism with geological mapping: If you are not sure it is there, do not add it to the map.  That is why the published maps do not include faults.  With geological research, you can abandon that approach and start asking “what if…” questions.  Such as, what are the implications if a fault went in “this place” with “this orientation”.  For this exercise, take the geological research approach.  For each fault, discuss: 1) The evidence for it; 2) Any evidence against it; 3) How far does it extend; 4) Does it connect to other faults or is it crosscut by other faults (including, when did the faulting occur); and 4) Overall evidence rating (Not Present, Permissive, Suggestive, Presumptive, Compelling)?
Reverse fault of Ernst and Hall (1987) on west side of Sage Hen flat pluton

The evidence for it:
Evidence against it:

Extent:

Relation to other faults:

Overall, give this fault a ranking using the evidence meter and explain your answer.
Faults 1 & 2 are the fault on the W side of the pluton that are oriented ~EW. 
Fault 1:

The evidence for it:
Evidence against it:
Extent:
Relation to other faults:

For fault a: what are the possible senses of slip?

Ranking:
Fault 2:

The evidence for it:
Evidence against it:

Extent:

Relation to other faults:

For fault 2: what are the possible senses of slip?

Ranking:

For faults 1 & 2: Was the NS-oriented dike in the Sage Hen Flat pluton originally continuous and offset by faults 1 & 2?  That is, is the dike offset consistent with the fault movement on the northern end of County Line Hill?  (Note: You might need to check the field notes)
Faults 3 and 4 are on the west side of the pluton

Fault 4 is from Bilodeau & Nelson Map (south)
Fault 3
The evidence for it:
Evidence against it:

Extent:

Relation to other faults:
Ranking:

Fault 4 (Near termination of fault 4): From Bilodeau & Nelson Map (north)
The evidence for it: (Note: this fault is dotted, so it was never observed)
Evidence against it:

Extent:

Relation to other faults:

Ranking:

Is it more likely that Fault 3 exists or Fault 4 exists?  Can both exist?

Faults 5, 6, 7, 8, and 9 are in the center of the pluton (from S to N)
Fault 7: From Bilodeau & Nelson Map (south)

The evidence for it:
Evidence against it:

Extent:

Relation to other faults:

Please figure out: Dip direction of fault?  Movement on fault (this is shown on the map, but explain why it is what the mappers say)?  Type of fault?

Ranking:

Fault 5
The evidence for it:
Evidence against it:

Extent:

Relation to other faults:

Ranking:

Fault 6
The evidence for it: (Note: You might need to check the field notes)
Evidence against it:

Extent:

Relation to other faults:

Ranking:

Fault 8
The evidence for it:
Evidence against it:

Extent:

Relation to other faults:

Ranking:

Fault 9

The evidence for it:
Evidence against it:

Extent:

Relation to other faults:

Ranking:

Could Faults 5, 6, 7, 8, and 9 all be part of the same fault?  Why or why not?

Faults 10 and 11 are on the eastern side of the pluton (from S to N)

Fault 10 (note that this fault was on the Bilodeau and Nelson Map): 

The evidence for it:
Evidence against it:

Extent:

Relation to other faults:

Ranking:

Fault 11
The evidence for it:
Evidence against it:

Extent:

Relation to other faults:

Ranking:

Fault 12 is in the extreme northern part of the study area.  You might want to consult the Mt Barcroft geological quadrangle (Krauskopf, 1971).
Fault 12
The evidence for it: 
Evidence against it:

Extent:

Relation to other faults:

Ranking:

Other faults:  Are there any other faults in the field area that you might consider mapping?  If so, answer the same questions about those faults.
Part 2:  Consider the effects of faults on the Sage Hen Flat pluton

A professional geologist knows when to take a break and just think for a bit.  This is one of those times.  If you think that there are faults, then you need to figure out their geometry.  If they are normal faults and all dip the same way (such as in Tres Plumas), you have a series of half-grabens.  This geometry can cause rotation, although it is not certain.  If you have normal faults, but the dip of the faults varies, figure out the location of the uplifted (horsts) and down-dropped (grabens) blocks. 
Does the map make more sense or less sense when you put in faults?  

Part 3:  Construct a detailed cross-section through the Sage Hen Flat pluton

Making the cross section:    

You will need to make a cross section along cross section line B-B( of Bilodeau and Nelson (1993). 

1. Make a topographic profile of B-B’.  Don’t forget to label your endpoints.  There should be no vertical exaggeration.
2. The faults must be correctly placed on the map, with the best guess for motion shown.  If no motion direction can be inferred, use questions marks to indicate that. NOTE: You must include at least 1 fault from the map on your cross section.
3. Remember to have all the standard features with your cross-sections: 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.  

Part 4:  Reference List.  You now know all the references that you might need in the reference list.  Please write your reference list, so you can check with fellow students or instructors if you are doing this correctly.  References need to be typed in a very particular way, where there is zero room for improvisation (one exception is that there are no longer spaces between the initials between the first name and middle name, but there were in some older publications).  We will utilize the format from the Geological Society of American for their publications.  Here are examples:
For a paper:

Krauskopf, K.B., 1968, A tale of ten plutons: Geological Society of America Bulletin, v. 79, p. 1-18.

For a map:

Ernst, W.G., and Hall, C.A., 1987, Geology of the Mount Barcroft-Blanco Mountain Area, eastern California: Geological Society of America Map and Chart Series MCH066, scale 1:24,000.

