Apparent and Actual Strain Variation in the Monterey and Sisquoc
Formations, Southern Santa Maria Basin, California: Implication for CrossSection Construction and Reservoir Characterization

Abstract: Balanced cross-sections test geometric and kinematic models of fold
and thrust belts, unravel their deformational histories, and define structural traps
for petroleum prospects in basin exploration at map scales, generally less than
1:24,000. Yet, these sections have limitations because (1) they assume constant
bed thickness in the reconstruction and (2) they do not account for important
mechanical behaviors and strain variation at more detailed scales that may affect
geometric and kinematic interpretations, reservoir characterization, and
hydrocarbon production. This study quantifies and analyzes the variation of strain
at map-scale and outcrop-scale of the diagenetically distinct siliceous sedimentary
and deformed rocks of the Monterey and Sisquoc formations in the Lompoc Santa Rosa (LSR) fold belt, southern Santa Maria basin, California. Advantages in
comparing the Monterey and Sisquoc formations are: (1) both units were
deposited during the Miocene to early Pliocene just prior to regional contraction,
(2) diagenetic modification allows strain quantification of rocks with high
competence contrasts including opal-A diatomites, opal-CT chests and
porcelanites, and quartz phase rocks at map-scale and outcrop-scale, and (3)
numerous surface exposures over 150 km2 in the LSR fold belt. Detailed linelength section balancing at map-scale shows significant strain variation along
strike with shortening values ranging from 5.5 % to 21.1 %, variation in the axial
lengths of folds ranging from 0.5 km to 12 km, and in fold amplitudes and
interlimb angles ranging from 135°to 55°. Apparent shortening in the thin-bedded
and mechanically contrasting Monterey Formation is twice as high as in the
overlying, thick-bedded, and mechanically homogeneous and highly porous
Sisquoc Formation, suggesting that the same amount of actual strain was
accommodated by tight folding and faulting in the brittle diagenetic rocks of the
Monterey, but by compaction and broad, open folding in the diatomaceous
Sisquoc Formation. Strain analysis at outcrop-scale along well exposed transects
shows that sub map-scale structures contribute up to an additional 8 %shortening
to the map-scale folds. Outcrop folds are commonly parasitic Z- and S-type folds
along the limbs of map-scale structures and their shear direction suggests that the
observed outcrop-scale deformation is coeval with the map-scale folding.
Evidence for significant decoupling of the thin-bedded Monterey Formation

occurs along several intraformational detachment horizons that separate fold
structures at outcrop-scale. At map-scale, a balanced cross-section presents a
tectonic wedge-model that ties shortening in the Monterey Formation to deeper
convergent structures via slip along larger thrusts. Significant differences in strain
and structural style of the LSR fold belt along strike were observed and measured
at various scales and in rocks of contrasting composition and competence. These
observations have implications for geometric, kinematic, and mechanical
interpretations of fold and thrust belts, improved cross-section construction, and
may greatly improve reservoir characterization.
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