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Presentation Notes
One general observations that has long been made on faults, but has recently received new attention due to drilling projects like SAFO, is that displacement within a fault zone is seldom confined to one surface.  Today I’m going to talk about how slip distribution within a zone as well as the growth of fault zone width changes as a function of fault displacement.



Idealized Fault Zone Growth
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So this is a cartoon showing how we think fracture density in fault damage zones might work.  When faults are small, slip is localized onto one slip surface and damage falls off rapidly in space with distance from the fault.  When there are multiple slip surfaces, the damage falloff will be more gradually.  This means that we can use the falloff of damage as a proxy for how many fault strands have been active in the fault zone.
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We’ve made done fracture density measurements on small and large faults.  Our field sites are located in California, on the central coast.  Our small fault measurements are from Four Mile Beach.  The gray star shows the location of Logan Quarry which sits on the San Andreas, which is where we did our large fault measurements
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We used a tape measure to mark the distance of each fracture from the fault. We repeat this step many times for each fault, to get a sense for variation of falloff and total fault width, defined by where the fractures fall to background



Small Fault 
Falloff

d = C*x-n

n ≈ 1
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We measured three small faults and here I’m showing representative transects from each fault and what we can see is that the falloff of fracture density with distance from the fault is well-fit by a power law, with an exponent, -n, around 1.  And that power law falloff may have some interesting implications about the falloff of the stress field that created the damage zone
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Our second field site along the San Andreas Fault at Logan Quarry. This picture is looking to the south.  There is a releasing bend that cuts through the quarry and we measured fracture density on either side of the fault. Due to the difficulty of measuring fractures the old fashioned way here, we developed a way to measure fractures using ground-based LiDAR.  Essenitally, we look at the surface roughness of the scan and fractures stand out as sharp-edged features.  So we measure the distance from the fault of each fracture, just like in the tape measure method.



LiDAR Calibration
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Briefly, I just wanted to show that when we calibrated this method at the Four Mile Beach site, we see that the various methods may have different magnitude of fracture density but they show the same falloff as one another.



d = C*x-n

n ≈ 0.2

Large Fault 
Falloff
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So again, looking at the falloff of fracture density with distance from the fault, we see that the falloff is much more gradual, with an exponent of 0.2, compared to 1 on the small faults. So this looks like what we expected based on the cartoon earlier.  We flesh this trend out by looking at fracture density profiles compiled from the literature.



Falloff of Damage is a 
Function of Displacement

Presenter
Presentation Notes
What we find is that the that damage decay exponent is around 1 for faults with less than 100 m of total displacement, give or take bit.  After that the damage decay exponent gets smaller with displacement. Now, if we interpret this in terms of fault strand formation, this means that slip stays localized onto a single surface, until 100 m of displacement, and then slip becomes distributed along an increasing number of strands as the fault continues to slip. Now another interesting piece of information we can look at is the total damage zone width, as defined by where fracture density falls to some background.  Value.



Stochastic Model of Damage 
Zone Creation
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We model this behavior using a simple stochastic model. We make fractures form around a fault with a falloff as 1/r like our small faults. A certain number of fractures can form per unit of slip, within a prescribed zone.  We give each fracture a very low probability of becoming a fault strand. Once it does, the damage is focused around the new strand.  That probability is a free parameter, but in order to fit the data, we need to make it between 0.01-0.05% chance that it will become a fault in order to fit the change in behvaior at 100m.  This prob is most likely due to unlikelihood that fractures will be near enough and pref. Aligned to become strands, or it represents that each strand is a coalescence of many shear fractures.



Damage Zone Width Stops 
Changing With Displacement
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And again, we see a change in behavior around 100m of displacement.  For small faults, damage zone width grows one to one with displacement, and this has been predicted to be due to the fractal nature of faults, the more they displace, the more likely they are to bump into some bigger asperity. However, we see a break in slope around 100 m disp, meaning that either faults are not fractal or they deal with bigger asperities in a different way.  This point is also when multiple strands become active, so perhaps they allow for faults to distribute slip around asperities rather than cracking them. Also due to non-brittle deformation like granular flow.



Conclusions

• Fracture density decay becomes more 
gradual with increasing fault 
displacement

• Small faults fracture more host rock per 
unit of slip than large faults

• The presence of a damage zone 
facilitates strand formation but limits 
further widening of the damage zone 



Fault 
Name

Reference

Glass Davatzes et al. 2003

Bartlett Berg and Skar 2005

North Davatzes et al. 2003

Helike Micarelli et al. 2003

Lemont Fletcher and Savage 2007

Ninety 
Fathom

Knott 1994

Pirgaki Micarelli et al. 2003

Kern 
Canyon

Chester2001

Muddy 
Mountain

Brock and Engelder 1977, 
Fleck 1970

Flower Sagy and Brodsky 2009

Punchbow
l

Chester and Logan 1986, 
Wilson et al 2003

Arava Janssen et al. 2004 

Continued

San 
Gabriel

Chester et al. 2004

14m de Joussineau and Aydin, 2007

8m de Joussineau and Aydin, 2007

Aigion Micarelli et al. 2003

Caleta 
Coloso

Faulkner et al. 2008

Carbonera
s

Faulkner et al. 2003

Lonewolf de Joussineau and Aydin 2007

Naqb 
Budra

Du Bernard et al. 2002

Punchbowl Schulz and Evans 2000

Wadi 
Araba

Du Bernard et al. 2002
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