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Weight [%] C and 6'3C (%o) values of total organic carbon in gouges in SAFOD Phase Il core
range from 0.22% to 1.60%, and -24.6%o. to -20.8%o, respectively. 6:3C (vs. PDB) values near
that characteristic of organic matter. Presence of 2C-enriched material within local fractures
and shear zones in the core suggests the possibility of hydrocarbon migration along the fault,
consistent with previous mud-gas analyses (1. §13C data are reported to precision * 0.1.

0 | 20.7 ym G_2_2_3191.8m
SEM photomicrograph showing framboidal pyrite aggregates in phyllosilicate cavities.
Alteration of phyllosilicates during fluid-rock interactions may release Fe along cleavage
planes, and subsequently form pyrite close to sites of release, in presence of H,S-enriched
aqueous solutions 2. During decomposition of organic matter, colonies of sulfate reducing
bacteria release H,S, that may serve as a localized sulfide source for dissolved Fe to form
pyrite. Fe and other metal sulfides form through multiple reaction pathways depending on the

physiochemical conditions and availability of ions in solution. Transition element chemistry
and distribution may be used to constrain evolution of environmental conditions in the gouge.

Plot of weight [%] C vs. §13C (%)

Overview

At elevated temperatures, many carbon-rich fault zones are subjected to thermal maturation,
fluid-rock interactions, and/or shear-induced phase transformations, often yielding various fault
weakening agents.

* Black carbonaceous material documented by Bradbury et al. (2011; 2015) in SAFOD Phase Il core
exhibits intense comminution, shear-induced slip localization, fragmented shear zones, stylolites,
calcite-cemented breccia, calcite veins of varying trace element chemistry, and calcite vein
fragments in the wall rock.

* Presence of calcite-cemented carbonaceous ultracataclasites in creeping segments of the Central
Deforming Zone (CDZ) and Southwest Deforming Zone (SDZ) of the San Andreas Fault raises
guestions regarding the source of the carbonaceous material, and the nature of thermochemical
reactions and fluid-rock interactions that promote dynamic weakening and strength recovery in
carbon-bearing fault gouges during the seismic cycle.
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Micro X-ray fluorescence (UXRF) map of carbonaceous SAFOD Phase Ill gouge using synchrotron radiation.
(a) Deformation-related microtextures illuminated by variations in Fe concentration in the gouge. (b) Close-
up of boxed area in (a). Yellow zones represent calcite veins (Fe-depleted relative to the adjacent matrix).
Note the undulatory form (precipitation during shear?) and incremental growth of calcite veins (different
growth stages from a single fluid phase?). Scale bar is in um.
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Microstructures in carbonaceous material (CM) of SAFOD Phase Ill core (cross-polarized light)
consist of a network of stylolites at (primarily) calcite interfaces. Note the fine-grained, fibrous
nature of (re-precipitated?) calcite — diffusive material transport.

Left: (plane-polarized light).

Microstructures in CM-bearing
material of SAFOD Phase Ill core
indicate multiple episodes of
brittle deformation. The vyellow
dashed polygon delineates edges

Top: Ni vs. Ca concentration plots masking three chemically different zones of SAFOD Phase Ill gouge. Ca
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