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Abstract Measuring displacements of buried and faulted strata on strike-slip faults requires detailed
3D trenching excavations. Here we demonstrate a new methodology using co-registered, photorealistic 3D
models derived from an i0S-based laser scanner and structure-from-motion photogrammetry to reconstruct
stratigraphy and trace a displaced channel sequence across the Dog Valley fault in the northern Walker Lane.
We present new geomorphic mapping observations and trenching results. Lidar data reveal a east-northeast
striking fault trace that extends about ~25 km from just west of the Polaris Fault to the northwest flank of Peav-
ine Mountain. Youthful fault scarps are visible along much of the fault. Clear lateral displacements are largely
absent along the fault; however, right-stepping fault strands, sidehill benches, linear valleys and ridges, and
alternating scarp facing directions are all consistent with left-lateral strike slip displacement. Stratigraphic
and structural relations exposed in the Dog Valley fault trench show truncations of bedded fluvial and peat
deposits and provide evidence for the occurrence of two Holocene earthquakes: the most recent earthquake
postdates ~8 ka, and an earlier earthquake occurred between 8491-8345 cal. ybp. Based on 3D excavations of
a channel margin, the most recent earthquake produced 115+30 cm of left-lateral displacement, correspond-
ing with up to a M6.7 earthquake. Similar timing for the most recent earthquake on the Polaris fault which
orthogonally intersects the Dog Valley fault may indicate rupture behavior similar to conjugate historic rup-
tures elsewhere in the Walker Lane.

Non-technical SUMmMmary Here a new set of 3D imaging techniques is used to produce a 3D model
of a series of interconnected trenches excavated across the Dog Valley fault near Lake Tahoe, California. The
result allows for the accurate digital measurement of displacement of sediments across the fault. The fault is
a left-lateral strike-slip fault in the Walker Lane, a zone of distributed shear that is parallel to the San Andreas
fault. The faultintersects a neighboring strike-slip fault at a 90° angle, similar to other faults in the Walker Lane
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that have ruptured together during the last century.

1 Introduction

Paleoseismic studies of active faults are one of the pri-
mary methods for estimating the timing, recurrence,
and size of prehistoric earthquakes - critical parame-
ters for seismic hazard assessments (McCalpin, 2009).
Typical paleoseismic studies combine shallow subsur-
face excavations (‘paleoseismic trenches’) with detailed
surficial fault maps. These paleoseismic trenches aim
to measure the fault displacement and timing of past
fault ruptures. While fault displacement is readily mea-
sured from a single trench exposure across a dip-slip
fault, an array of multiple trenches (‘3D trenching’) is re-
quired to find traceable subsurface piercing lines across
a strike-slip fault (Marco et al., 2005; Rockwell et al.,
2009; Hall et al., 1999). The standard method of doc-
umenting a series of 3D trenches consists of a plan
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view map of the trench excavations and then a series of
trench-wall-log diagrams. However, aligning these 2D
diagrams so they can be visualized in a 3D space is not
a simple task.

In recent years, trench-wall diagrams are increas-
ingly constructed using Structure-from-Motion (SfM) al-
gorithms to produce high-detail orthophoto mosaics of
trench walls (Haddad et al., 2012; Bemis et al., 2014;
Reitman et al., 2015; Delano et al., 2021). SfM re-
lies on photogrammetric principles and many overlap-
ping photographs taken from different positions to re-
produce the 3D geometry and camera locations of a
scene. Here we present a novel method that uses an
Apple i0S laser scanner and SfM 3D modeling to gen-
erate a computer model of oriented and aligned high-
resolution trench wall images. These aligned images
form a readily viewed, true 3D stratigraphic/structural
reconstructed model of a volume of faulted crust. This
model can then be used for measuring fault displace-
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