
 

Figure 1:  Location map of the drill site and pulverized 
rocks outcrops. 
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Introduction 

 Pulverized rocks observed at 
different localities near southern 
California faults exhibit signals of surface 
weathering (Stilling, 2007; Rockwell et al. 
2009). Since all previous studies of the 
characteristics of pulverized rocks were 
carried out on surface rocks, a question 
arises as to the role of surface weathering 
and other surficial processes in the 
development of pulverized granite along 
faults, and to the extent and depth that the 
pulverization extends downward below 
the surface. To address this question we 
drilled and collected a nearly continuous 
(~95% recovery), 42 meter-depth, 6.35 cm 
diameter, oriented core of pulverized fault 
zone rock adjacent to the San Andreas 
fault near Little Rock, southeast of 
Palmdale (Figure 1). In a detailed analysis 
of the core, we determined principle host rock chemistry, orientation of shears, and additional 
damage elements as a function of rock type and depth in the core.  We initially focused on 
sampling pulverized sections that avoided secondary faults to resolve only the weathering signal.  
In our locality, we found virtually no signal related to surface weathering in both surficial and 
near-surface samples, and conclude that existing alterations are primarily a function of the rock 
type and are not a weathering trend with depth. We performed an extensive PSD analysis, using 
standard sieve and pipette methods to calibrate and produce reliable data from the laser particle 
analyzer, expanding on the work Rockwell et al. (2009) accomplished in their study.  The results 
we found were in congruence with Rockwell et al. (2009), with an average particle size 
distribution from the pulverization signal alone in the tens to hundreds of microns range. 



Core description    

 The gross lithologies found in the core are what we characterize as pink granitic rock 
(PGR), leucocratic granitic rock (LGR), and melanocratic granitic rock (MGR).  The PGR is 
composed of mostly K-feldspar and plagioclase, with minor amounts of white mica and little or 
no biotite. It is characterized by pinkish color and lack of dark minerals. The LGR is composed 
of K-feldspar, plagioclase and biotite, sometimes partially altered to chlorite. The MGR has a 
darker appearance, mostly greenish-brown, and seems to be more altered than the LGR. Further 
mineralogical classification by point-counting is planned for the near future.   

 The top 2 meters of the core was not recovered. In order to accommodate for the missing 
2 meters, we went back to the drill site and dug a pit at the base of the outcrop to expose a clean 
face of the missing section.  We took surface samples from below ground level, and additionally 
from the face of the outcrop above ground level. 

 

Figure 2: (a) Plot of equal area plane shears. (b) Plot of equal area classified point shears according to depth in 
meters. 

 We recorded shears and secondary faults, including orientations of those features where 
possible (Figure 2).  We observed numerous sections where individual thin shears or small shear 
zones of centimeter to several centimeter wide bands cut across the core.  There was no apparent 
reoccurrence of orientations or patterns seen within the shear orientations of our data.  Despite 
pulverization, the fabric of the original rock is preserved, as is particularly evident in the LGR. In 
our observations, the majority of shears were distinguished in the LGR, and while the PGR 
exhibited shear zones in thin section, they were not visible in the core itself. Using the 
orientation of the core as it was taken from the ground at the drill site, we were able to measure 
the orientation of shears, with an error of plus or minus 10 degrees. 

 Towards the bottom of the core there are numerous gouge zones ranging in varying 
width, composed of dark brown to black, highly cohesive clay. The first major gouge zone is at 
24.5 meters and is about 20 cm wide. The widest gouge zone is at 36.5 meters and is about 30 
cm wide.  Various other gouge zones are apparent below the depth of 24.5 meters and range up 



to 20 centimeters in width.  All gouge is cohesive brown to black clay, with some of the zones 
containing fragments of surrounding rock. 

Chemistry and PSD 

 Samples were taken throughout the entire length of the core, but with a concentration on 
the top 10.5 meters of the core, in order to accurately document the physical weathering signal.  
Within the top 10.5 meters, samples were removed from every 30 cm of the core, focusing on 
collecting a sample after each change in lithology.  Below 10.5 meters, samples were taken 
approximately every meter and/or lithology change. 

 Major and minor trace elements for all surface and core samples were acquired using the 
Phillips MajiX Pro spectrometer at SDSU. Using the aliquot of the finest ( <2 microns) material 
from our pipette samples during PSD evaluation, clay smears were made to evaluate for 
weathering products, to be measured on the Phillips XRD machine at SDSU.   

 For PSD, we used the methodology described by Rockwell et al. (2009) - shaking the 
samples in dispersant and then using the pipette and sieve methods to determine the particle size 
distribution by weight. This way we created a baseline particle size distribution in order to 
compare our laser analyzer data. As stated by Rockwell et al. (2009), the Horiba puts a 
“Gaussian distribution” on the results showing tails of particles larger and smaller than our 
known particle sizes.  We were therefore interested in calibrating the Horiba by measuring 
samples with known PSD.  To this end, we used the three smallest sieved fractions of granitic 
rocks (31-63µm, 63-125µm, 125-250µm), measured them with the Horiba, and made grain 
mounts for the same samples for optical analysis (Figure 3). Using a microscope-camera using 
Paxit Software, we were able to measure the minimum and maximum Feret diameters of grains 
and calculate the volumetric PSD for each sample. We compared the PSD measured with the two 
methods and discovered that although the sieved fractions were supposed to be composed of 
grains with a diameter within a certain range, in fact the diameters varied within each fraction. 
For example, the 125-250µ fraction had grains with a maximum diameter of ~400µ and a 
minimum diameter of ~90µ. The reason was the irregular shape of the grains, which probably 
caused some small diameter particles with one longer dimension to remain in the 125 sieve, 
while long and narrow particles fell through the 250 sieve even though one of their dimensions 
was much larger. When we compared the distributions, we realized that the Horiba was quite 
accurate in the 31-63 and 63-125 fractions, but underestimated the grain sizes for the larger 
fraction. The Horiba PSD result was similar to the PSD calculated by taking the minimum Feret 
diameter (Figure 3). 



Figure 3: (a) An example of mounted grains from the 125-250µ fraction from sample LR041 under plain polarized 
light and x4 magnification. (b) A comparison of the Horiba (blue) and grain mount (red) measurements for the 31-
63µ fraction from sample LR041. There is no more than 5% difference, mostly in the coarse fraction. 

 We therefore determined that future samples needed to be sieved to at most 125µ in order 
to measure a correct PSD of the finer fraction using the Horiba. Once the Horiba was calibrated 
to the standard of our samples, we were able to measure entire splits.  We wet sieved samples to 
125 microns and ran the < 125 micron split in the Horiba and >125 micron in a Camsizer, a 
particle analyzer with digital image processing. Following the result of our grain-mounting 
experiment, we used the minimum Feret diameter settings for the Camsizer. Our results were 
comparable to the distribution from the pipette and sieving method (Figure 4). 

 



 
Figure 5: Major elements analysis of surface and core 
samples. A-CN-K space plot of core samples, divided 
by lithology. Black arrow depicts the predicted 
weathering trend of granite (Nesbitt and Young, 
1982).  

Figure 4: Horiba and Camsizer data (top). Comparison between Horiba and Camsizer results and pipette and sieve 
results (bottom). Median grain size for Horiba-Camsizer and pipette-sieve on chart. Pipette- sieve method seemed to 
underestimate the amount of fine material, compared with Horiba-Camsizer results. 

Preliminary Results 

 We used patterns of bulk and 
elemental mass transfer to plot the molecular 
proportion of Al2O3,CaO+N2O and K2O of 
our samples in order to determine the degree 
of weathering.  An A-CN-K space plot 
measures the vertical dimension of the percent 
of Al2O3, relating to the chemical index of 
alteration (CIA) (Nesbitt and Young, 1982). 
Our XRF results show that the majority of the 
samples plot on the join between plagioclase 
and K-feldspar, meaning minimal amounts of 
feldspar conversion to secondary clay during 
the weathering process.  Our PGR samples do 
not follow the theoretical compositional 
changes seen during progressive weathering 
(Nesbitt et al., 1996) for granites, implying 
that there is a lack of weathering found in our 
samples (Figure 5).  The average CIA (A/ [A+C+N+K]) (Nesbitt and Young, 1982) for our 
granitic samples is 0.4926, which is within the range of unweathered granites.  Some of the LGR 
and MGR samples show movement towards the theoretical change to progressive weathering; 
however these most likely correlate with chemical alterations deep within the core surrounding 
gouge zones and are not due to surface weathering processes. 

Figure 6: XRD results for 4 samples. 
DO04 is a surface sample. LR012 is 
granite from 5m depth, LR026 is 
granodiorite from 10m depth, and 
LR067 is granite from 34m depth. 
Clay smears were made from the <2 
micron fraction. The samples do not 
have clay weathering products related 
to surface processes. Granitic samples 
do not show evidence for expandable 
clays, whereas in granodiorite it is 
probably a weathering product of 
biotite. Quartz and Feldspar are 
present in the clay fraction. 

 



 

 The XRD diffractograms from all our granitic clay smears (<2 micron fraction), 
regardless of depth, show no evidence of expandable clays (Figure 6). The samples have minimal 
to no clay weathering products related to surface processes, consistent with our XRF analysis, 
however chlorite was found in all our samples.  Samples of LGR do show some expandable clay, 
which is probably a weathering product of biotite, which is expected from our XRF analysis. 

 Our results for particle size analyses agreed with Rockwell et al. (2009), in that the 
pulverized granite PSD was mostly fine sand and silt in size.  Our mean grain size for the 
majority of our samples averaged between 50-600 microns (Figure 7), much coarser then 
originally proposed by Wilson et al. (2005) and in concurrence with ~1% of the energy budget 
going towards dynamic shattering. 

 

Figure 7: Median particle size vs. depth in the core. Grey 
zones are areas of ultra-cataclasite or gouge zones. 
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