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Cloud Compare & structural
geology: Measuring strike and dip
near the San Andreas Fault with

Cloud Compare
LIME

Authoring datasets

Southern San Andreas Fault: Bunds et al (2021)



CloudCompare"?

“* @@  CloudCompare
G cor

Cl ou d CO m pa re :?\ 3D point cloud and mesh processing software

https://www.danielgm.net/cc/

Painted Canyon

https://doi.org/10.5069/G90G3H94

Painted Canyon Exercise

https://opentopography.org/learn/painted _canyon
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Make strike and dip measurements B Ut 3
Make length measurements
Compile data into Stereonet
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Rapid, semi-automatic fracture and contact mapping for point
clouds, images and geophysical data
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Demo- at least 10 mins + questions



ow to image an outcrop?

Orient the UAV’s camera to
face the outcrop

Set automatic photos every
several seconds

Carefully and manually fly the
UAV up and down the outcrop

It’s hot in early September in
the Imperial Valley!

Think about your surroundings,
safety, and FAA & local
regulations.



Strike and dip measurements

Stereonet:
https://www.rickallmendinger.net/stereonet




This exercise is
available from
OpenTopography
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A Structural Geology Exercise for Remotely Examining Folds at Painted
Canyon Near the San Andreas Fault

By Chelsea Scott and Ramon Arrowsmith

School of Earth and Space Exploration, Arizona State University

We designed an exercise for structural geology classes where students learn about the classical Painted Canyon site (Sylvester and Smith, 1976; Sylvester, 1988) near the Southern
San Andreas Fault, California, by analyzing a point cloud of a fold located near the fault. We developed this exercise for a graduate-level structural geology class at Arizona State
University and expect that it would also fit well into undergraduate-level classes. Given the recent necessity for remote learning and the associated challenges with taking students
to the field, we anticipate that this exercise could serve as an alternative to typical field activities with a structural geology emphasis.

In this exercise, students are given a point cloud of a fold in Painted Canyon. It was produced by the structure from motion (SfM) approach from photographs collected with a small
Uncrewed Aerial Viehicle (sUAV) or drone (See this link for more educational material). Students use the Compass tool in CloudCompare to measure fold limb orientation. They plot
their measurements in Stereonet (or could do so by hand), solve for the axial plane orientation, and calculate the average strain rate recorded in the folded unit Students are asked
to then relate their measurements to the San Andreas Fault. Is the orientation consistent with the expected strain field given a right-lateral fault zone?

Watch on B8 Youlube

https://opentopography.org/learn/painted canyon

Email Chelsea Scott cpscottl@asu.edu for the answers (instructors only)
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LIME: Software for 3-D visualization, interpretation, and
communication of virtual geoscience models
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ABSTRACT

The use of three-dimensional (3-D), photo-textured repressntations of to-
pography from laser scanning and photogrammetry is becoming increasingly
the geosci This rapid adoption ks driven by recent inno-

vations in acquisition hardware, software aut ion, and platf
including uner d aerial vehicles, In addition, Tusion of surface geometry
with imaging sensors, such as multispectral, hyperspectral, thermal, and
ground-based radar, and geophysical methods creates complex and visual
data sets that provide a fundamental spatial framewoerk to address open geo-

i ch g hons.

Despite the current ease of acquiring and processing 2-D photo-textured
maodels, the accessibility of tooks for anslyzing and presenting data remains
problematic, characterized by steep learning curves and custom solutions for
individual geosci pplications. Interpretation and measurement is es-
sential for quantitative analysis of 3-D data sets, and qualitative methods are
valuable for presentation purposes, for planning, and in education. This con-
tribution presents LIME, a lightweight and high-perfarmance 2-D software for
interpreting and co-visualizing 3-D models and related image data. The soft-
ware allows measurement and interpretation via digitizing in the 3-D scene. In
addition, it features novel data integration and visualization of 3-D topography
with image sowrces such as logs and interpretation panels, supplementary
wavelength imagery, geophysical data sets, and georeferenced maps and im-
ages High-guality visual output can be generated for dissemination to ald
ressarchers with communication of their results. The motivation and an over
view of the software are described, IBustrated by example usage scenarios
from outcrop geclogy, multi or data fusion, and gecphysical-geospatial
data integration,

B INTRODUCTION

The usa of digital spatial data s bacoming commanplace in many areas
ol the geosciences |lor example in geology, geomorphology, cryaspheric

sciance, volcanology, natural hazards, hydrology, enaergy, infrastruciure, and
mining). Laser scanning (lidar), global navigation satellite systems (GNSS|,
digaal photogrammatry (also referred to as structure from motion [SFM)|, and
imaging remote sensing have all evolved heavily over the last two decades,
and are distinguished by unprecedented resclution, precision, and ease of
use. Computing hardwara has developed to facilitate field-based acquisition
(Weng et al, 2012; Ke et al, 20M7), and more analysis 1ools are available
in geographical information systems (GIS). The evolving state of the art can
be followed through the sdentific IMerature, from early adoption to the status
quo, This is axamplified by rapid adoption across the many arms of the geo-
science subdiscplines (see, eg ., McCaffrey at al. [2006], Pringle &1 al. [2006],
Buckloy ot al. |2008a). Kaab [2008], Paviis ot al. [2010], Jaboyedoff et al, |2012],
Hodgetts [2013], Barmis et al. [2014], Eitel &t al. [2016], E ltner o &l. [2006], Kehl =t
al, [2017], and Squalch [2017] as a small subset of papers providing snapshots
of developments through time).

Tha reinvantion of photogrammatry —a technigua that has advanced in
line with photographic innovations—has recently intensified the adoption of
three-dimensional (3-D) spatial data by geoscientists, This has basn driven
by the ubiguity of digital cameras and major increases in automation arising
fram scientific outputs from the computar vision discipling {8.g., iInterest op-
erators, feature point matching, and dense point cloud extraction; Granshaw
and Fraser, 2015), which have been implemented in easy-to-use software
packages. In addition, new dynamic sensor platforms such as unmanned ae-
rial vehicles (UAVs) and mohbile mapping systams allow 3-0 acquisition in a
wide range of configurations, and extended-spectral-range imaging sensors
(mwlitispectral and hyperspectral, theemal, radas; Eitel et al., 2016} provide
naw possibilities for complamanting puraly geometric approaches (Buckley
et al, 2013}, Finally, societal policy shifts have moved toward making geo-
spatial data frecly available to the public through public- or privata-sector
imebiatives (Krishnan et al, 2017 LS. Geological Survey, 2017; Norwegian
Mapping Authority, 2017

These developments have facilitated workflows for obtaming 3-0 dig-
ital reprasentations of surface topography across the range of scales (ia,
hand sample to regional slevation models|. Canseguently, geoscientists are
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Create a Panel

Project lines and planes onto a 1 Lne
panel or import and image

onto a panel
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Publishing your data:

Why?

* Required for publication with a journal
* Dataset reuse

OpenTopography’s Community Dataspace

e

Contribute Data

OT provides suggested metadata
Reviewed by OT team
Receive DOI

OpenTopography

High-Resolution Topography Data and Tools




