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BERKELEY -- For most Bay Area residents, earthquakes are just an accepted part of life, as deeply-
rooted as morning fog and heavy traffic. But the uncertainty of the "Big One," and being prepared for it, is 
not as easy to swallow. 

Though scientists concede the ability to precisely predict earthquakes may never happen, some Berkeley 
scientists are making major breakthroughs in understanding how and why quakes occur, a fundamental 
step to narrowing down the prediction window. 

By studying quartz samples collected a mile-and-a-half beneath the San Andreas Fault, a small team at 
Lawrence Berkeley Lab is examining earthquake-causing stresses at a nearly atomic level, allowing 
scientists a closer look at the process behind quakes than ever before.  

Using the highly focused X-rays produced by the lab's Advanced Light Source facility, for the first time, 
researchers have measured strains on the fault's grinding tectonic plates at a micron scale, just a few 
magnitudes greater than the size of an atom. The findings were published in the March issue of the journal 
Geology. 

The pilot study, lasting more than a year with funding from the National Science Foundation and the U.S. 
Department of Energy, produced some stunning results -- not only could scientists see microscopic 
faultline cracks built up over presumably eons and multiple earthquakes, but they discovered the power 
behind those quakes is far higher than previously measured, on a magnitude comparable with a meteorite 
strike.  

The findings, according to Berkeley lab scientist and study co-author Martin Kunz, open up exciting 
possibilities in geology. 

"People care about this a lot because the constant movement of plates is what forms the surface of the 
earth," said Kunz. "The ability to actually measure what happens back in time is a very tantalizing 
prospect.  

"If we eventually want to predict earthquakes ... then of course the first step is to understand the 
mechanism on a very detailed, even atomistic level," Kunz said. "It's a puzzle piece towards 
understanding how a rock actually breaks when subject to these huge tectonic forces."  

Another shocker to the researchers, Kunz said, was the uneven stresses found in the ruptures. While some 
areas were stress-free, others were subjected to pressures of more than 30,000 pounds per square inch, 
producing pockets of "stress peaks" that lead to rock failure. 

Previously, understanding of earthquake-triggering strains has been based on large-scale experiments of 
the force needed to move two plates together. The new study, Kunz said, shows that stress accumulates at 
miniscule points before causing the cracks that lead to the "snowball effect," culminating in a catastrophic 
earthquake. 

The samples were extracted from the San Andreas Fault Observatory at Depth (SAFOD) near Parkfield in  



Monterey County, a weak segment of the fault where plates regularly slide against each other. Major 
quakes have been recorded there seven times since 1857. 

The findings are of interest to the U.S. Geological Survey, which recently raised the odds of a 7.0 
magnitude or higher quake hitting the Bay Area to 51 percent in the next 30 years, with San Andreas 
branches, the Hayward and Calaveras faults overdue for a major quake.  

"The hazard posed by the San Andreas is very high for the simple fact that it's the fastest-moving fault we 
have, so it has the best odds of producing the next quake," said Pasadena USGS research geologist Kate 
Scharer. "The faults (cause) a magnitude 6.5 or higher earthquake every 100 or so years. We've come to 
the average interval." 

Scharer said that by looking at the energy sent through the system during an earthquake, the study could 
improve existing models of how strain is built up in a fault zone and eventually released.  

"Their results showed much higher stresses than have been measured in other types of settings," Scharer 
said. "What we knew the day before this (study) was released was insufficient. What it shows us is that by 
making new measurements we learn more about the system. ... The people that do the modeling will then 
use that to improve our understanding of earthquake physics." 

Since the 1950s, study co-author and UC Berkeley geology professor Hanz Rudy-Wenk has analyzed how 
rocks fracture and deform. Wenk, who brought the project to the researchers, said he was amazed to find 
stress preserved in the quartz even after hundreds or thousands of years. The samples, he said, could be 
compared with other seismic zones to advance knowledge of the mechanisms behind breakdowns in the 
Earth's crust. 

"Obviously, there are stresses in earthquakes; they break buildings, they break structures, but to actually 
see the impact of these stresses on rocks right in the fault zone ... was fascinating," Wenk said.  

The project is ongoing. The researchers want to expand the experiments to volcanic rocks and examine 
other fault lines, like the Hayward Fault, which last experienced a major earthquake in 1868. 

"What we're doing now is looking at the direction of these stresses; I think that could tell us a lot," Wenk 
said. "If one looks at different faults and finds a systematic trend of how stresses are preserved, then I 
think you could start to understand what the mechanisms are in a general way."  

While science remains far from accurately predicting earthquakes -- a goal scientists concede will likely 
never be reached -- the Berkeley researchers hope they've taken an incremental step to solving a complex 
problem. 

"We probably will never be able to say, 'Tomorrow at 3 o'clock we'll have a magnitude 6.3 earthquake.' 
It's never going to happen ... It's possible maybe to narrow the (window), but it will always be a 
probability prediction," Kunz said.  

"The message is this is something we're working on, but it's a huge work in progress," he added. "We'd 
like to think we can make a significant contribution to this." 
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