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Geographic Information Syster(SIS) have been used by field geoscientists for decades
to digitally collect data with several benefits: observations can be made in the field at a map
independent scale while using multiple basemaps, the burdensome task of digitizing handwritten
field notes and maps back in the office is eliminaiajthe use of global positioning systems
(GPS)hasled to more precisely located observatiddsspite the numerous advantages of using
GIS in the field geosciences, the lack of agreement upon a standamhdoneelational
database management systems used in GIS along with new geospatial technologies and the
popularization of mobile applications has led to the development of a novel geologic data

management system, StraboSpot.

StraboSpot consists of a migbapplication available for Android and iOS devices for
data collection and an online graph database for data storage, management, and sharing. The
issue of schema creation has been solved with the development of a lexicon through
contributions from thetructural geology and tectonics, sedimentology, petrology, and
microstructural communities and the utilization of a graph database for storage, which is-schema
less by definition. Users of StraboSpaincollect, store, and share their geologic data, ntaki
an altin-one solution for geoscientists to publish their data using open source techniques. Data is
stored in a users6 StraboSpot account which
multiple datasets containing Spots. A Spot is a pdiimg, or polygon containing a set of
observations over a usdefined spatial extent. The spatial extent of a Spot can be in real world
coordinategwhen set using maps or georeferenced aerial imggexgl coordinates (when set
using a photodr othersystems as needed.a g s , -mcstidikedategories, can be used to

conceptually group Spots.



StraboSpotioes not have the cartographic and analysis tools found in a GIS, so it became
necessary to establish connections between StraboSpot and cgrusechiGIS software,
ArcGIS and QGIS. GIS connectionsan ArcMap Addin and QGIS Plugn i have been
designed and programmed which have download and upload capabilities with StraboSpot.
Download or upload of a StraboSpot project and dataset occurs through
deserialization/serialization and parsing of JSON (Java Script Object Notation) and GeoJSON

transferred between the GI'S and StraboSpotds

| traveled to Malpais Mesa, Inyo County, CA in October 2@b8ompaniedby two other
University of Kansas studentgrking on StraboSppto betatesSt r abo Spot 6s mobi | €
MalpaisMesa was chosen due to the complexity of the aies situated in the Eastern
California Shear Zone and the westernmost range of the BaiRange provinceé which
would adequately test for bugs in the mobile application and create robust StraboSpot data which
| thenused in the development of the GIS connectidviest importantly, it was an excellent
| ocation t o c o mpwnarkflew withhtiee capabiitescandestmuctureyintedface of

StraboSpot.

The interoperability between StraboSpot and the GIS connections asils with a
userfriendly and seamless method of downloading data collected in the field, performing
variousaal yses such as running topology, and then
use in StraboSpot. Geoscientists will also be able download all their StraboSpot data and create
professional map products using the cartographic layout tools in GlSaWwhdata behind those
map products will be easily shared through StraboSpot leading to greater transparency,

reproducibility, and reuse of geologic data.
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Chapter I: Introduction

INnRoger To t874gmumndbredkisgnddisciplinedefiningPhD thesion the
creation of theCanadaseographic Information Systef®IS), he begins by elscribing two major
disadvantages of using manual cartographic techniques:
1.) The challenge of fitting all useful data within the confines of one physical graphic while
mitigating detail loss or generalization of the data, and
2.) The time and knowledgmnstraints the use of physical maps puts upon the user, i.e. the
reading and analyzation of maps requires time and an understanding of the map format and
purpose (Tomlinson, 1974).

Tomlinsonpl ayed an integral rol e twarewhicheati ng tFh
addressed the above two issues with paper maps by using compmersdad analyze data for
many different purposes relating to land management. One such purposeft@Esehas
become utilized foiis the collection and curation of geologiata.However, as Tomlinson
(1974)al so mentions in his thesis, AThe tools f ol
their own sake, but rather have grown pragmat
evidenced in the geosciences witle introduction of ruggedized laptoasdvarious handheld
computers/PDAs to collect data in the fiblelginningin the late 1990s and early 2000s when
portable devices whiclwere GlSenabledvere introduced to the markét/élker and Black,
2000;Pavlis,2010).These devices became even more powerful when the global positioning
system (GPShecameavailable for civilian use in 2000 (Whitmeyer et al., 200%e addition of
thesedevices o t he f i e¢obldelt as a inajogléap forvard from @miting data

though paper mapping, which had been the undisputed method of collecting and publishing

1



geologic data since Wi lliam Smithods publicat.i
sections of England and Wales (Whitmeyer, 2008 addition of & to geologic field work

was revolutionary in allowing scaladependent collection and analyzation of data (Walker et

al., 1996)as well as freeing the geologist from the tedious job of digitizing observations made on
paper once they were out of the di€Walker and Black, 2000McCaffrey et al., 2005 Since

the creation of geologic maps reliesheaupp n t he geol ogi st ds interpre
digital collection of data allowed geologists to think beyond the data specific to the finat{produ
apaper map at a spidied scale since the raw information could more easily be provided to the

user of the paper mdgones et al., 2004 his meant data collected became less generalized

(bound to a specific map scale) ahd viewing of the datemoreinteractive (Loudon, 2000).

Despite these advantag#serehas beetittle consensus ostandardizatioand schema design

of GIS methodsn the geosciences

The lack of standardization in geologic data management systems |edlémgés in
sharing data with peers duedifferences irdata formattingpreferencese.g. shapefiles, Excel
tables, and XML documents) and proprietary license isswsexample, ArcGIS is popular in
the geosciences, but some cannot pay the licens#sgdeaccess the fidbftwaresuite.
Geoscientists soon saw the need to develop siaadits-a | | (or at |l east Omost
management system to encourage collaboration and sharing of geoscience data and sought to
develop a mobile system to collect,rgtoand share geologic daiuring an NSF EarthCube
field excursion where participants explored the merits of various data collection tools and
methods (which attended see Figl), it wasconcludedhat a communitydeveloped app for

mobile devices whie could be used on a variety of mobile devices (i.e. smart phones and



tablets) was the best course of action to spark conversations within the geoscience community

about the development sfandards for data and metadata

Fig. 1: In Fall 2015, | attendeN SF Eart hGube o
Centered Communication for Cyberinfrastructure (EC3) fielc
excursionwhich brought together geologists and cyber
professionalsWe took feld excursions to test many devices.
Pictured are: ArcGIS software on a Panasonic Toughbook;
clipboard with paper mapping materials; ArcGIS enabled GF
PDA; and a tablet with app:s
| Clino, Strike and Di pyhore. Ge
Photoist he aut.hor 6s own

There were concerns regarditg shortcomings of current hardware such as the
challenge of viewing a screen, even on the brightest setting, on a bright day and problems with
using touchscreen devices in the rdihe group also concluded that such a data management
system needed teelbpersource which rules out systems which rely heavily on ArcGIS and

other proprietary softwar@lookerjeeet al, 2015).

The geosciences will benefit greatly from an ogenrce platform which allows for the
collection, management, and sharing olfieollected data. When data is easily available, it has
a greater chance of being reused for other purposes which will add value to data collected
leading to a reduction of costs for future projects. Greater reproducibility is another advantage of

opensaurce acquired geoscientific data, however, some data in the geoscsecbes



earthquakeanderuptions are unique and should be preserved. Finally, readily available data can

also lead to greater public transparency and aid deeaisakers (Fowler, 2006

Use of aGIS presents challenges due to the set up required to crgatetare for the
data (schema) upfront since GIS data is stored in a relational database management system
(RDBMS). The concept of KISS (keep it simple, stupid) is camiy used when evaluating
geologicdata systemand has been employed in the creatiomasious schemas for geologic
data,which have madéhe use of a GIS for geologic data entry and managemeid efficient
than handwritten notes and maps (Pavlis).e2810).This advantage over handwritten data
collection was largely due the automatic capture of location, keeping the focus on the
geospatial context of the data being collected. Additionally, GIS let users collect data using
different basemaps artrial images at varying map scales (e.g. 1:24,000 versus 1:63,360)
(McCaffrey et al., 2005Examples oscheméor geologic datan aGIS can be found
throughout the literature, most notably theited States Geological Survey National
Cooperative Geoldg Mapping Program (USGS NCGMP) Geologic Map Schema (GeMS)
which is the standard for formatting data used to publish geologic (&S NCGMP, 2018).
In order to help users make their data NCGMP compl@ngrammers at the USGS developed
a set of ArcGISPython Script Tools for creating and manipulating geologic aetarding to the
GeMS schemaxamplesof the geodatabase structure recommended for Ga®l®undn
Figures 2 and 3and demonstrate the level of complexity thabbustrelationalgeologic

database management system reguire



2 3

example.gdb
20 CorrelationOfMapUnits optional
(=) CMULines optional
[E) cMUMapUnitPolys optional
[:3) CMUPoints optional
=) [ CrossSectionA optional
[=]) cSAContactsAndFaults optional
(EJ) CSAMapUnitPolys optional
[%5) CSAOrientationPoints optional
= 29 GeologicMap required
[*J CartographicLines as needed
[ ContactsAndFaults required
() DataSourcePolys as needed
[%3) FossilPoints as needed
b sty Fig. 2: An example GeMS geodatabase
= i o asneeded  containing points, lines, polygons, and text
(E) MapUnitPol ired H H :
e S A e eq descriptions. Annotations on the right note the
%g“"“""‘ys asneeded  raquired data needed to be NCGMP complian
23 stations _as needed o ) .
“‘“5."“,'“‘ . yequied distinction used when State Geological Susvey
EX D:scnptro»nOfAMapUnlts requ!red .
B8 GeoMaterialDict required submit maps under the STATEMAP program)
[E3] Glossary required

MiscellaneousMaplnformation optional

(taken from USGS NCGMP, 2018).

[ RepurposedSymbols as needed
Point feature classes
==
- . gt ExtondedAttributos
Primacy key —
GenericSamples_ID ExtendedAtirdutes 1D
Value defined in Glossary Type OwnorTadie
F 10 DataSources StatenlD OwnerlD
orexgn kay MapUnit Propecty
Symbol PropertyValue
= Labe! VaheLinkiD
= Fuascon Gt
LocatonConfidenceMeters DataSourcelD
Shbonei0 FieldSampielD Notes
AltemateSampielD Any record may link to this table via
ObservedMapUnit MateriatAnalyzod OwnerTable and OwnerlD
MapUnit LocationSourcelD ValuelinkiD may Ink 10 ancther
Symdol Notes tabio or anothor ExtendedAttribute
Label RulelD record.
PlotAtScale -
LocatonConfidenceMeters =
LocationMethod Sdtonal ek ko ==
TimeDato . —
b [l GeochronPoints GeologicEvents_ID
SignficantDimensionMelers NumericAge P
GPSX AgoPlusErroe AgeDasplay
GPSY AgeMinusErroe AgeYoungerTerm
POOP AgeUnits AgeOiderTerm
MapX AnalysisSowrcelD TimoScale
MapY addonal elds for: AgeYoungerValue
AgeOlderValue
wlo .. bl OrientationPoints ms‘xm:;o
RulelD Azimuth Notes
Override Incinaticn
IdentityConfidence
N OnentatonConfidenceDegrees
S o= DataSourcelD. m=
§r™ " addtional fokds for: == ==
b= Glossary_ID =
Altnbesto tadlo is Kont A
g A s iS0nth & FossiPoints Term DatsSources 1D
FossiAge Defnton Source
FossilForms DefntonSourcelD Notes
0 oo e
= FossilAgeSourcelD

Fig. 3: Example of GeMS tables for managing geologic point features (taken from U
NCGMP, 2018). Note that using this schema for data collectidreifield would require
navigding multiple feature classes and some projects will not need certain tables.
However, this database schema focuses on encouraging the curation of robust met:
which will be crucial for interoperability in a national geologic map database.



While opensource GIS systems, such as QGIS, and mobile GIS apps are available
(examples include: ESRI 6s Ar ctteadebfaGiSor E, Mapp
for geologic data collection is no longer thvely method of geologic data entry and management
due to new advances in geospatial data organizatioch will be discussed throughout this
thesis As there is a greater call for opsharing of data in the geosciences, it is difficult to
designashemawhi ch f i t s an i n ¢gurposeetean blsohpecuoiersallle nt i st 6s
shared and integrated into other database sysfemadditional challenge in schema design
occurs when a geosci ent i satradcallyifferentscalesAnrd e mand s
example of this iperformingthin-section level analysis on rock samples taken during a field
excursion. A final consideration is how to incorponaiigitiple observations at one location
which may be of the same typ&n example of this problemvhich will be later referenceds
organizing several orientation measurements taken along a single fold (\&tadkesubmitted.

While adoption of GISn the geoscience projects from start to finish has served to
mitigate t he 0pap eorlongaahmnipdatadntryeptiondor geds@entists.

Through development and adoption of an epearce geologic data management sysidiich
does not come with the challenges inherent with a GkSgeosciences will address many issues
that have beeancountered throughout the process of evolfiglg collection techniqguefsom
paper mapping to GH8asednes. Advantages of such a system are highlighted below through

discussion of the development of the StraboSpot system.

The StraboSpatystem an NSFHunded, multiuniversity projecthas been developed for
the collection, storage, and sharing of geologic data in response to the need for a community

created, opesource geologic data management system. The StraboSpite aqmiis available

6



for both iIOS and Android devices and allofws collection of geologic data, regardless of
Internetconnectivity, making it suitable for any field settir§frab&@potprojects ad datasets

can beuploadedo and downloaded frorthe StaboSpot databasaNeo-4j graph databaseia
theappOnce a dataset has been uploaded to a Str a

USER
make their data APublicd which

PROJECT PROJECT the StraboSpot Search Interfaad®wing other usersa

f_l_| I

mATASET mATASET [_MASET view and query all publicly available data and see who
A B ©

owns the data they findhus, StraboSpot fulfills the need

SPOT 1 SPOT 2
in the geosciences for an easy, epenrce solution for

SPOT 3 SPOT 4 . . . .
collecting and publishing geologic data.

SPOT 5 SPOT 6

Data collectiorin the StraboSpot siem

Fig.4: Thedat a hierar ch- _ _
account in the StraboSpot system (taker Performedthrough use of the mobile app, is based
from Rufledt, Walker, et al., 2017). Note
t hat Spots can be

spots and a projec tgmapping by station where theer inputs a set

Camp 201806) can co
datasets. of observations that are defined by a spatial extent.

of f the concept of a ASpot

Theflexibility of the Spot concept allows fapllection of a variety of data at all scalSpots

are stored in a dataset and many datasets can be stored ina projpcsanma 6 s a.@count (F
Unli ke other digital data systems based on st
databasellows for rich anccomplex data entrgousers camasily captureelationships among

data (Fig.5). Complex relationships adifficult to documenin a GIS except through multiple

table joins StraboSpoéalsoincorporates images of all types (photd®tshes, etchatcan be

used as basemaps.



There are two ways arganizing Spots: spatially, through nestmgereSpots covering
asmallerarear e finestedo inside Spots sthreughthe ng a | at
assignment of Tagshichaeq u i ¢ k , -n @ slike@atekoyizationof data one example is
Ageol ogic unito. Due t o t hiaospolygorehaving eitherrealy , a S
world or pixel (image basemap) coordinates and a StraboSpot dataset can hold angt@mbin

of these types of data.

Strike

]}

Unit
Same structure Facing

Same | Layer

FOLD #1 Same structure

Same structure

Fig. 5: Upon encountering the fotdctured in (A) a geologist using StraboSpot can establis
relationshipsas depicted in (Bletween various orientation measuremevit&ch were
recorded in the same rock layer and between the overall structuret(fadd each
observation/measurement T he A F o |l dNestwhioh c@&fiostthe Smots for each
orientation measurement and | ayer infor
by taking a picture of the fold and dropping Spots directlyhenimnage (taken froldewman
et al., 2015).

The StraboSpot system has been developedtbgmofy e o | 0 g i stheprojgcP |l 6 s on
include: Dr. J. Douglas Walket University of Kansa®r. Basil Tikoffat University of
WisconsinMadison and Dr. JulisNewmanat Texas A&MN) in conjunction with programmers
familiar with the needs of the geoscience commufiibe lexicon and workflow of the app and

database has been developed through thoughtful discussions with members of the Structural

8



Geology and Tectoos, Sedimentology, Petrology, and Microstructural communities.
Throughout my thesis work, | have contributedhte development ddtraboSpot as part of the

team. My contributions to StraboSpot are detailed in the next section.

The StraboSpot app is a powerfabl for data collectionhut sincethe data analysis and
cartographic construction todlsat many geologists use were already offered by GIS software,
the StraboSpot teasought interoperability between the StraboSpot aysted two popular GIS
softwareprograms ArcGIS and QGISSuch tools or methods include: running topology,
interpolation and calculation analysis, cartograpbads for creating map layouts, etds
evidenced above gglogists have been using GIS softevéor data collection and analysis for
decadesfurthernecessitating a connection for the sake of famiij. Therefore, this thesis
provides background arttktails themethodology developed faxtracting StraboSpot data and
putting it into a GIS, editig the data, and uploading changes made in the GIS back to

StraboSpot.

Considerations when choosing the apprdactboth ArcGIS and QGI$clude ease of
use (i.e. the construction of concise, but clear workfJaamslorganization of the data in the GIS
on both the geodatabase and table levels that facilitate a straightforward prploesk yeis
usable for the purposes of the user within the. Gi& to the complex interactions between
ArcGIS and StraboSpot, a VB.NET Add (as opposed to a Python p¢trTool or Python Ade
In) with download and upload capabilities was developed. For the sake of continuity, a QGIS
Python Plugin with a similar graphic user interface (GUI) to the Addvas also developed.

These GIS connectioriganslate the StraboSpatagh structure to a relational structure and



provide a usr-friendly, quick setup of StralmSpotdatasets in ArcMapndQGIS as well ag
method for uploading edits madesither GIS softwaréack to StraboSpot for further uge

concise explanation of éhcode will be found in the Methods section.

Throughout the thesis, several major challenges with development and programming of
these GIS connections will be addressduk first challenge dealt witlhattening the
JSON/GeoJSON (JavaScript Objéttation) objects which compose StraboSpot Projects and
Datasets to fit the relational database modelrgmtinuseable and readable to the average
geoscience GIS usdflattening was challenge which persisted throughout all levels of data
management from gelatabase structure to the construction of individual table 1Garsverting
Spotstotablerowwas especially challenging since Str al
graph theoryGraph databases asehemaessandoperate throughnadditivemethod of soring
datg meaning new types of data can be added at any time without disturbing the current
operation of the databa@eobinson, Webber, Eifrem, 20l3Relational databases requae
schema to be built upfront with only minor changes alloafer creaton. In theLiterature
Review the sparspublicationsdetailing the conversion of JSON to rows and columns in a table
will be explored Additionally, rewriting JSONfiles for use in ArcGlSand QGIS required

different approaches.

Determining the role ingesfrom the StraboSpot datasebuld have in the GIS was also
a process. StraboSpot, as arirdbne solutiorfor collection of geoscience datiminates
many of the tools geoscientists need in the field, one of which is a cénmera.the mobile app
l'inks directly t devicehmanyinmagesaarabe added eakily to 8pote. The s
user can then map on those images as image basaim@msng point, lingor polygon Spots
with the same types of daéa mapscaleSpots. he only differencdetween the Spot types

10



image basemaps have pixel coordinates whereassosgSpots have reatiorld coordinates
associated with then&IS software can display such images as raster datasets in an unknown
coordinate system, but to map dat®r exampé, a point with orientation data or a line defining

a contact between bed®n those images is a challenge.

In order to produce a robust StraboSpot datasetevelopment and testing of the GIS
connectionsand participate in Beta testing of the appias accompanied bwo other
University of Kansas geology studemigh a dozempple iPad Mini 4 tablets tinvestigate
Malpais Mesdor one week in October 201®&he study area is in the westernmost Basin and
Range Province, just east of Owens Valegsternmost basirgnd in the southernmost portion
of the Inyo Mountainswesternmostange) The Malpais Mesa datasets will serve as the
examples for how StraboSpot data can be effectively translated and organized for use in a GIS. A
geologic background wibe given in the Literature Review section and screenshots of the data

from ArcGIS will be shown in the Results section.

Chapter II: Literature Review

To fully understand the design and code struabfitbe StraboSpot/GIS Connections
which will be deailed inthe pseudocodé the Methods section, the following code components
should be understood: graph database structure, RESTful communication through HTTP,

GeoJSON, and the use of ArcGIS Toolboxes.

There are currently @wide variety of databases available to store data, buhémsy
possibilities can be divided into two subgroups based on how users interact with them: those

which use Structured Query Language (SQL) and those which doNa$QL. SQL is used to
11



qguery rehtional databasesghich aretables made up of rows and columRelational databases
work based on a s¢theoryand are named since they use relational algebra to recover
information Relationsthe tables in the databafe which the database type is neginare made
up oftuples, i.e. liststhat hold attributes and their valy¢isese are the rows in the table
Columns are named by a tuple of fieWsich include a name andcertain data typsuch as
string, integerBoolean etc.for each fieldRedmomnl and Wilson, 2012Relational databasges
which tend to be the traditional database chace,quite powerful when used in applications
where the schema known when the database is creat®e type of NoSQL database which is
designed t@rganize data&ia the relationships among datihout needing any schema defined

upfrontis a graph database.

The lackofanys c hema i n a graph database, allows it t
data the user addé/here relational databases are syn#malithrough tables, graph databases

are consider ed {(Redmondand Wisond20i2peaneagtdat opedcould

draw a graph models a brainstorming web graph{&raph databases work by building
relationshipsalledfi e d g e s 0 groupstofrdtae a | | e d. Querynglie dome through

traversal of these nodes and edd®hile graph theory has existed for hundreds of years, graph
databases were not developed until the 1990s. Graph databases have become popular for housing
large quantities ofata which need to be rapidly queried, making them ideal for powering most
social media and online commerce sites (Robinson, Webber, Eifren), Z0&before, a graph

database is an excellent choice for geologic field data storage because it can hold any

combination of spatial data types (e.g. point, line, polygon) within one datadethow the

relationships between dada demonstrated the Fig.5 fold example Another advantage to

12



using a graph database for storage of StraboSpot data is the rapidgaéilty of complex

data offered by such a databaSee Fig.6, after Robinson, Webber, and EifrefR015 for

comparisons between a relational database and graph database when relationships between data
are crucial to queryicknair, et al(2010)found similar querying results whehe Neo4j graph
database and MySQL relational databasee comparetiased omuerying speed and other

subjective factors like suppomaturity, ease of programming, flexibility, and security.

Depth(# of connectiong RDBMS Query Neodj Query Recordgeturned by
sepaatingdata) Execution Time (sec) | Execution Time (sec)| query

2 0.016 0.01 ~2,500

3 30.267 0.168 ~110,000

4 1543.505 1.359 ~600,000

5 Unfinished 2.132 ~800,000

Fig. ©6: Ro b i n s o2015mamMealobtiegeir Neo4H grdiph dataldasiee brand of

graph database utilized by the StraboSpot sydeatures numerous comparisons between
relational (RDBMS) and graph databases to familiarize new users with graph database theory.
Execution time of queries wittbmplex depth of relationships is a major difference in the two
databases. The table abpaéter Robinson, Webber, Eifrerf2015, displays results for

returning queries to find extended friends. In a relational database this relationship is found
throughquerying multiple tables which are joined and tends to fail once the query is extended a
depth of five table joins (or friendf-friend-of-friend-of-friend-of-friend) but the graph database
sees hardly any performance change to perform the same typergf qu

Whil e StraboSpotds graph database does not
able to define and add to a lexicon of geologic terms. These lexicons are built by conferencing
with professionals in each geologidssiisciplinewhich StraboSpot is working to incorporate

into the systemRecommendations from the Structural Geology and Tectonics subdiscipline

13



have been fully incorporated and work is underway in the Sedimentology, Petrology, and
Microstructures subdisdipes. From these lexicons, pages for the app are developed by the
geologists in aonline utility called KoBoToolboxwhich uses xldorms,and then ported into
the code (see Fig.for examples of forms)The visibility for these pages can be turned &rae

the user needs within the app.
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.. Verizon LTE 1:58 PM

IMAGES MESTING SAMPLES
: € Add APlane
€ o
GEOGRAPHY LABEL
) Set 1o My Location
GEOMETRY STRIKE
LATITUDE
38
LONGITUDE DIP DIRECTION
95
ALTITUDE (M)
RADIUS OF SPOT DIP
SPOT RADIUS UNITS
PLANE FACING
ROCK UNIT -
Orientation of plane relative to original position
& AddrRemoave a Gealogic Unit .
e.g., upright, overturned, vertical
MNOTES
PLANAR MEASUREMENT QUALITY
How well was this plane exposed or measured?
PLANAR FEATURE TYPE
Type of planar geologic feature: e.g., bedding,
OTHER
contact, foliation, fracture, , shear zone
o MOVEMENT AMOUNT (M)

PLANAR FEATURE THICKNESS (M)

Fig. 7: Examples of forms StraboSpot users can fil

f}_ (C) *1 out in the mobile apg(A) is the basic form that
opens when users place

elthey click &6+6 i n inSpa
® | Page, users can navigate to other pages like
: 60rientationsd where t
- | measuremen(B). The app features a buitt
PRRCE D s | compass for taking such measurements or users (
e | add info manually. StraboSpot features Tagging, ¢
® | easy method afonceptually categorizing Spots. Th
i S ® | most common type of Tag is a Geologic Ushown
: in (C). Users fill out information about anit (age,
o | rock type, etc.) then can easily assie Tagto
e | other Spots by choosing it from a list under the
e Spot 6 s gellmages takea from Rufledt,
® | Walker, et al.(2017).
52 Genlnoe Uinit: 74 Saos e |

The schemdess structure of thgraph databasand predetermined fields in the app will
savethe user timement creating the databasey will use for data input in the field. The user
simply inpus information into theStraboSpoapp to set up their project and dataset(s) and add

andbr download any map tileshey might require in the field (see Str&mmthelp
15



documentation, https://strabospot.org/help, for more detailed set up directib@g)ny caveat
of using the StraboSpot system for download and upload of data in a GIS is that-any non
StraboSpot fields added to the GIS and uploaded to the GIS tables will be stored in the graph

database, but will not be accessjldarrently,within the app.

ARC/INFO, ESRI ArcView, an@drcGIS have been used for collecting geologic data in
thefield since the early 1990s (Pavlis et al. 2Q1Q)twhen compared to StraboSpimits the
user in the type of data which can be addatir@quires lots dime upfrant for database design.
Also, since an ArcGIS database is a relational database, recording relationships between data
across tables is challengiagdtable joins are the only meaningful optid@efore a field
excursion, the user must set up the entira daucture of the geodatabase, whicthifiicult to
changdaterdue to the rigid nare of relational databasdsor this reason, geologic
reconnaissance excursions either require complex geodatabase systems with every possible
geologic structure, meamment, and observation type included in the list of fialtd®ss several
feature tasses to accommodate any data type encountered (point, line, or ppbrgbe)
geoscientist must k& the more generalized optionusing a basic geodatabase with aenot
taking section to record data. Adding drawings and photos to this database is also complicated,
requiring careful documentation of the photo in tieddfand time back at cantp add the image
files to the databas@here are GIS apps available, suclEeS R IA@CollectolE which can
connect to images on the device, but these apps still pose the problem of relational database
schema creation upfrorffor more expert users or those already familiar with their field area,
this system can worguite well andcanproduce geologic maps with more detail and accuracy

than traditional paper mapping with atiloinal data recorded inratebook.
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It is my experience from the field excursion to Malpais Mesa that having access to
StraboSpot greatly improved the sp@édnapping in the field. For example, in comparison to
paper mapping, it was much simpler to check the location the GPS plotted our position than to
plot the position on a prdrawn grid. We were able to locate ourselves more pre@asely
quickly using tle StraboSpot app. Additionally, the rock types found at Malpais Mesa were quite
diverse and using image basemaps and Tags to organize what we were viewing was an intuitive
method It would have been challenging to input structural and stratigraphicoredaips among

layers in a relational database environment as quickly.

Interacting with the StraboSpot database server requires codingflREST
(Representational State Transfer) communications with StrabaSpletmented through HTTP
(Hypertext Transfer Protocol)REST architecture was developed in the early 1990s in response
to the need for a better method of network communicatioich was intuitive at all levels of
developmentFielding, 2000) The creation of REST, HTTP, and URWn{form Resource
Identifier) contributed to the advent of the modern Web.define REST services in the context
of Strab&@pot AREST components communicate by transferring a representation of a
resourcée , @ (represent at i SpotPragett, Datasais anrindisduabot) a b o
A éin a format matching one of an evolving set of standard dataétypes ( J SON or GeoJ.
arethe datatypesent , A é s el e ct baded dnythe aapabilitieslon dgsires of the
recipient and the nature ofehmesourceé (Fielding, 2000).This transfer of information is
betweera client machinethe end making a requdstheGIS connectomm n a useriés ¢ 0 mg

andaservermachinethe end that waits for requests to be made and responds to thé client
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StraboSpotThe transfeis Gstateles8in nature since all the information needed for the server to
understand @ request is within the requéstielding, 2000).

StraboSpotiata is aresourc&)anything mappable usingldRl, on the StraboSpot server
whichthe AddIn is seekng representation of dimg download and is modifying the
representation of on the sendlrring uploadThe common method of interacting with a set of
URIs is through HTTP which does not necessarily require the user to have knowledge of an API
(Application Programming Interface), (Wilde, 2007) however StraboSpot does have an API of
controllers.

HTTP has four different methods for data to operate vgegforminga REST call: GET,

POST, PUT, and DELETE (Feng et al., 2009). These methods correspond wnitéthioels used

to work with a graph model: Create (PUT), Read (GET), Update (POST), and (Foéiason,

Webber, Eifrem, 2005 The GET and POST methods are used byal& connectionso

interact withStraboSpotiata. When included as the method in a RESjuest, GET obtains the

current state of Stral¥potdata and provides the representation of that data through a data

stream (so, GET does not change anything about the state of the resource on the server). GET is

an important part ofthé1 S conmewtnil ®mmsdé code. The POST met h
state onto a resource, o0 (Feng et al., 2009),
upload code since the user has altered the da

in the Strab8pot server.

The success of REST requests is communicated through status codes with numerical
meanings. Those who have used brokebsitelinks have probably encountered one such
message: 404: ANot Found. 0 Howewmestcommom maki ng
responsea GIS connection ecei ves are 200: AOKO or fACreated
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codes numbered 26®D9 indicate successful execution of the REST request arnd3®0
indicate an error in the request the client sBath a requesthould not be sent again without

modification (Fielding, 2000).

The components of a REST requestha GIS connectionsclude: the method of
communication (GET or POST); the URI of the resource (any Shditdlata on the server), the
user 0s ationihfdrreatian (ewmail and password) in the form of a JSON stream, and, if
performing a POST, the information needed to change the state of the resource in a JSON or
GeoJSON stream. The anatomy of the URI is as follows: it begins with identificatiba of t

ser ver 0shttgsd/strabbspat.ag/ch it hen i s followed by the

n «

describing the type of informatiant he dat abase (examples include

whol e dat aset

, A/l projectp O©oritmgDanadaeemadi ba

the userdés datasets), and the unique identifi

plus random digit assigned at the creation of the resource. A full list of the controllers can be

found by visitinghttps://strabospot.org/apind will be referenced below in the Methods

Pseudocodsection.

The data format for communicating about datasets on the StraboSpot server is GeoJSON;
other communications are made with JISON. GeoJSON is a derivative of(J8@i$cript
Object Notatioh that can store spatial informatiafavaScript became a popular language for
web interaction because of its low complexity, favorable security features, and execution style in
relation to other languages on the Web like Jaw@dihg, 2000) Web browsers natively support
JSON formatted data meaning that GeoJSON is easily used in web applications (Bostock and

Davies, 2013).
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JSON is also popular since its data structure is hen@aaable (a set of keyalue pairs
DiScala andAbadi, 2016) ananore compact in file structure and easier to map to objects in most
objectorientedlanguages (e.g. JavaScript) than XML (Chasseur et al., 2D48).in JSON
format undergoes encoding transformations called serialization and deseoialinatianslate
JSON object$o humanreadable text for processiagd vice versalhe download code uses
serialization to transform thESON objectent by the StraboSpot server intbuemanreadable
JSONstringdocument used to represent Spots or Tagse.upload coddeserializes atring of
JSONformatted textontaining the edited Spots irdaJSON objecthatis sent in a data stream

of bytesto the StraboSpot server.

GeoJSON has a specific structure to hold the data about geographic feeitoas be
defined by objectsessentially containers of datdnich aresurrounded by {6}, andlistar r ay s
of objecs whichares ur r ourf]ded!l byt be case of a StraboSpot

OFeatureCollectiond ofypeFevdt ehe @ oo iypetomests a nO A e

represents a Spot and contains: one o6geometry
6geometryd object has two parts: the type of
array of coordinatevaues. The Opropertiesd object i s comj

Spot such as 6éname, 6 60SpotlI D, 6 and 6édate, 6 bu
correspond to the tabs in the StraboSpot GUI (Graphic User Inteefacerientation, Imags,

Inferences, etc.). Figu@shows a general sample of GeoJSON (Butler et al., 2016):

"type": "FeatureCollection”,
"features": [{
"type": "Feature",
"geometry"; {
"type": "Point",
"coordinates": [102.0, 0.5]
}

’properties": {
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"prop0": "valueQ"
}
hA
"type": "Feature",
"geometry": {
"type": "LineString",
"coordinates™: [
[102.0, 0.0],
[103.0, 1.0],
[104.0, 0.0],
[105.0, 1.0]

]

,properties": {
"prop0": "valueQ",
"prop1": 0.0

}

}
hA
"type": "Feature"”,
"geometry": {
"type": "Polygon",
"coordinates™: [
[
[100.0, 0.0],
[101.0, 0.0],
[ 101.0, 1.0],
[100.0, 1.0],
[100.0, 0.0]
]
]

properties": {
"prop0"; "valueQ",
"propl": {
"this": "tha t"
}

}

1]
}

Figure 8: An example of a GeoJSON FeatureCollection showing all three geometry types
StraboSpot datasets can generate: Point, LineString, Polygon. Taken from Baitl¢2Gt6).

Note that data is stored as a seriekeyf value pairs. Keys correspond to fields on the
forms displayed in the StraboSpot app and values are either automatically generated (in the case
of o6dadtmodi i edodti mestamp, d and various fiel

the user (6strike, 6 6dip,06 6facing, d etc.)
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datasets, all other information passed between theldddd StraboSpot is IISON format.

This data includes user authentication and information about datasets and projects.

Once one understands the structure of GeoJSON, a file can be easily edited in any text
editor (Bostock and Davies, 2013). Also, many GIS software packeg@sgially opetsource
ones such as QGIS, natively support the import and export of GeoJSON into geodatabases.
Another advantage of GeoJSON is that it only accepts data in the World Geodetic System 1984
(AKA: WGS 84 or wkid: 4326) coordinate reference syst(using latitude/longitude), making it

compatible with data collecting techniques using GPS (like StraboSpot) to locate the user.

JSON, despite its popularity in web applications, bexsome a complechallenge to
import into relational databaseanagenent systeméRDBMS). In fact, in the literature, those
who have been working on this problem recognize dbatimentNoSQL databases such as
MongoDBor CouchDBhave been developed specifically to handle the denormalized
(normalizationis the reorganizatio of aRDBMS which helps to cut down on data redundancy)
structure of JSONMlongopDBa nd Apachedés Couch DB are both do
in how users interact with them. Mongo DB works best for curating large datasets residing in
datacenters and f@ommands which are familiar 8QL. Couch DB is more flexible in
deployment situations meaning it is lightweight, but poweafid works well with web
technologies (Redmond and Wilson, 2Q18)a document NoSQL databad§ON objects are
storedmaatiB8doevhhi ch ar e anal exeputle ddicanentshave r d s |
noschema fACol |l ectionsd of JSON objects in a NoSQ

(Zhang et al 20149.
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NoSQL databases are not easily supportésl#isoftware, but ashang et aJ 2014
shows, GIS data can be converted from shapefile to MongoDB using the pyshp and pymongo
Python |libraries. This approach can be good f
of being able to handle JSON data in a GIS environment

Another approach has been to bypass the use of NoSQL databases and figure out a way to
bring order to the denormalized JS@Bka,so it may be stored in a FAMS. RDBMS offer
several advantages to users that NoSQL databases lack such as: declamgtiemguage
(NoSQL dat abases ar e <I@Lf,ion ende aansi nbge itnhge yi Neonip | Gny
of querying than SQL structured query language), native joins of data, and ACID transactions
(Atomic/allor-nothing executionConsistency]solation fromother transactions, aridurability)
(Chasseur et al2013).Approaches to organizing the data for table creation differ by how much
analysis of the input JSON is performed. For example, the Argo method, one of the first attempts
to translate JSON to a FIMS, developed in Chasseur et @013 decomposes the JSON
objects by their keyaluepairsand handles the nested structure by appending the name of the

nest t o t hleeir kanyledISONnisaimi-eg:
{

"name": "George Bluth",

"age": 58,

"indi cted": True,

"kids": ['Gob", "Lindsay", "Buster",

"name": "Michael",

"age": 38,

"kids": ['George - Michael"]
1,

"rival"; "Stan Sitwell"

"name": "Stan Sitwell",

"age": "middle - aged",
"charity_giving": 250120.5,
"kids": ["Sally"]

}
Fig. 9: Sample paiof JSON objects used for illustration of RDBMS adaptation in the
Argo methodiaken from Chasseur et §2013.
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To presere the differences idata types (strings, numbers, and Boolean values), separate
columns (Argo/1, Figl0) and tables (Argo/3yhere each data typestr, num, and bodl as
shown in Figl0ar e

for storing values. Values which belong to the same JSON object are grouped by an object id.

stored in

separ at e

t a Wielog werewded c h

objid keystr valstr valnum valbool

1 name George Bluth NULL NULL
1 age NULL 58 NULL
1 indicted NULL NULL true

1 kids[O] Gob NULL NULL
1 kids[1] Lindsay NULL NULL
1 kids[2] Buster NULL NULL
1 kids[3].name Michael NULL NULL
1 kids[3].age NULL 38 NULL
1 kids[3].kids[O] GeorgeMichael | NULL NULL
1 rival Stan Sitwell NULL NULL
2 name Stan Sitwell NULL NULL
2 age middle-aged NULL NULL
2 charty-giving NULL 250120.5 NULL
2 kids[O] Sally NULL NULL

Fig. 10: RDBMS result of processing the JSON from Fig. 9 to rows and columns using
Argo/1. Note that depth (nesting) is represented by ekigrile key nameAfter Chasseur

et al (2013.

The problem that arises when using the Argo method where data is only analyzed for data type is

that the datarenot as intuitive to query since keys are not treated as fields or colames.

This makegable SQL queries more challenging.

Other attempts to normalize JSON data look at the input dataset with moreTdesa.
the solution implemented to transfer data from StraboSpot to ArcGIS and B8 example
that is similar to the appach of the StraboSpot GIS connections was created by DiScala and

Abadi(2016. Their workis in three phases where the first two identify and match erdities
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the final phase analgathe output of the first two phasesnormalize the tablesor refeence,

a sample of their JSON is in Figjl:

{

6submissionl do: 1576
6titled: 6Perils of DBO
6aut horo: {
6email 6: O6js@e.pfl o6,
6namebo6: 6J. Snowbd
6institutiond: {
6namebo6: 6EPFLE®G
6number6: 1 }
3
6reviewer 60: {
6email 6: 6dd@ca. uko
6named: Dabkod,
6institutiono:
6nameb6: 6Cambridgeo,
6number 6: 14 }
}

}
Fig. 11: Sample JSON data taken from DiScala and Af2@iL6 to accompany their tables

shown in Figures 12 and 13

The key to this method of organizatimthat nested attributes are handled by appending a prefix

to the key denoting the name of the parent olifecteate one table (Fid2).

subld | title authEmail | authName| authIName | authINum | revEmail | revName | revIName | reviNum
1576 | Perils | js@e.pfl J. Snow EPFL 1 dd@ca.uk | D. Duck | Cambridge | 14

of

Db

Fig. 12: Table produced after the first phase of the DiScala and Abadi (2016) algorttem. T
sample JSON object from Fig. 11 is the first row of this table. The most important part to r
is the prefix values in column names (i

6 aut hor After®diSgala and Abadi (2016).

Functional relationships between attributes are identified and are used in later phases of the

algorithm to normalize the data into separate tafiég 13).
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subld | title reviD | authlD | ID

1576 | Perils of DB| 3 1 1 email name instiD | ID

js@e.pfl |J.Snow | 1 1
INum | IName ID

1 EPFL 1 dd@ca.uk| D. Duck | 4 3
14 Cambridge| 4

Fig. 13: The normalized tablesof Fig2d s t abl e pr oduced (BOLG t t
algorithm After DiScala and Abadi (2016).

The advantage afiy being able to work directly with the StraboSpot API developer and
manager, Jason Asand the knowledge of the StraboSpot lexitexhto an approach to parsing
and organizing the JSON that was much like the DiScala and @) work. The method
developed means that parsing of the JSON is very specialized for the StraboSpot system. For the
sake of simplicity) chose tgout the impetus of normalizing the data downloadedhe user
based on specific nests (e.g. creating seépdeature classes for orientations, samples, images,
etc.) since iis my opinion upon extensive review @IS schema useih the geosciencethat
users have individual preferences for how their dateganized Some users may want to

normalize theidata according to the GeMS schema, departmental or state survey schema.

The key to creating ArcMap layers during downldierdn StraboSpoand exporting data
from ArcMap during uploado StraboSpois running various ArcGIS tools via cod&.cGIS
tools can be viewed in ArcMap by opening the Catalog window and scrolling to and expanding
the ASystem Tool boxeso tab in the file system
there, the ones utilized by the Atldn f a | | undearo tamel MOa@nwe IMaain@ g e Ir

categoriesThe Conversiortoolbox contains the two tools used tonvert ESRistyle JSON into
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a Feature Clasandthe Data Managemertbolboxcontains various tools for making tables,
creating an image layer, and copying data feature class. To use an ArcGIS tool in cdde,
followedt hese steps from ESRI doc uAddarfaéncedon f or
ESRI.ArcGIS.Geoprocessor. You may also need to add the ESRI.ArcGIS.Geoprocessing
assembly if you want to use, forarple, the result object or list dataset3 Additionally, add a
reference to the toolbox assembly to which the tool belongs. If you use more than one tool from
different toolboxes, also add managed assemblies for those toolBgx@weate the

geoprocesor object4.) Add the path to the custom toolbox/du are running a custom tool. 5.)
Create a tool process objexnd set the parameter values.@)l the Exeute method on the

geoprocesso0.. 0 (ESRI, 201

Reliance upon geoprocessing tools witthia code will enable greater ease when the
Add-In is converted to run in ArcGIS Pro since the ArcGIS Pro API uses Data Manipulation
Language (DML) onlylttps://github.com/esri/arcgjgro-sdk/wiki/ProConcept&eodatabage
Geoprocessing tools will be thalg method of implementing Data Definition Language (DDL)

actions (database and feature class creation, etc.) in an ArcGIS Rin.Add

Note that while there are toolboxes in QGIS, since the software issopecethe API
has Python functions which regdaccept GeoJSON and turn the information into a vector layer.
The StraboSpot GeoJSON still ne¢d be parsed to separate out Spots by geometry and to
flatten the structure to achieve one key: valuecedirin the table. Additionally, QGIS can
accommodte many different geodatabases, so once a QGIS vector layer was created, | added
options for the user to add the layer to a §@S$QLor JoatiaLitedatabase which was

accomplished with Python functions.
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Malpais (aptly, Spasih f or &ébad countrydé) Mesa is | oca

the Basin and Range Province (Fig. 14). The field area was chosen for two reasons. First, |
needed an area to collect data to evaluate the use of StraboSpot and test it as a fieldrapplicat
Second Malpais Mesa is not wedtudied,and information gathered could lead to new
conclusions about the significance of the area. Because of time limitation, however, the main
focus of the work there was on using StraboSpot and not making newcagvanregional
geology. Even with the limited amount of new interpretations, | describe below the geologic

setting in order to place the area in context.

Geographic Setting

Malpais Mesa is situated on the southern terminus of the Inyo Mountains (the
wegernmost range regionallyPwens Lake is adjacent to the west with the Sierra Nevada on the
other side of the lake. Malpais Mesa is a poorly studied area that has important implications for
the development of the Basin and Range Province (Stong 2008). Several geologic areas of
interest nearby are: Conglomerate Mesa to the N, Darwin Plateau to the E, and the Coso

Volcanic Field to the SW (See Map B in Fig., Btone et al 2009)

28



Google Earth

h us

s, NSF, NOAA

Fig 14: Location of Malpais Mesa, Inyo County, CA. (A) Malpais Mesa is situated in tt
SW portion of the Basin and Range Pra@andirectly east of the Southern Sierra Nevad:
(B) Location of Malpais Mesa (green star) in relation to locations of interest in the arei
such as Death Valley National Park (to the east) and Mount Whitney (to the west). Im
courtesy of Google Earth thiimagery from the Landsat and Copernicus collections.
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Tectonic Setting

Tectonically, Malpais Mesa is borderto the west by the regionally developed, but
mostly unstudied, Inyo Mountain Fault Zone, that cuts through alluvial deposits of Quaternary
and Tertiary age (Slemmons et al., 2008} ighboringOwens Valley is tectonically situated
within several zoneshe Eastern California seismic zone, Walker Lane (containing the Sierra
Nevada Frontal fault zone), and the Eastern California shear zone (Slemmons et.al, 2008). The
Eastern California shear zonetianstensional in natusndthought to accommodate 10
13mm/year(20-25% of the totalpf the relative dextral motion of the Pacific and North
American plate¢Bacon et al., 2005)Locally featured ighe Easteri®ierran Thrust System
(ESTS), a 150 km long contractional belt hypothesized to be caused by indtcdsbe Sierran
arc. The ESTS is thought to have accommodated 9.3km of shortening throughoutlig81vMa
deformation history. In the Southern Inyo Mountains, the ESTS produced sevepaltaltel

shear zones seen in outcrop (Dunne and Walker, 2004).

Mining

Malpais Mesa wasraappropriatesetting in which to test the StraboSpot mobile app due
to the heterogeneity of its geolpdSurficially, recent maps categorimost of the ar@as
ACenozoi c (Stooe, 20@0putthrasgh field investigatiorthe area also contains
sedimentary and metamorphacks of Paleozoic and Mesozoigeawhich are orbearing.

There are two major leasilver-zinc deposits which were mined in the area: Talc City Hills and
the Santa Rosa Mine. The Talc City Hills at soaithern portion of Malpais Mesa hosts ore
deposits within the Paleozoic limestone, dolostone, and quartzite which are defined by steeply

dipping faults and shear zones. The Santa Rosa Mine is a horst featuring three sets of
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mineralized faults and is comped of calehornfels and pyroclastics that has been intruded by
Cenozoic andesitic and basaltic dikes (Hall and

MacKevett, 1958).

VolcanicRocks

Malpais Mesa is situated in the southern
portion of the Jurassiage Inyo Mountains Volcanic
Complex (IMVC)as first described by Dunne and
ot hers, 1998 (Fig. 15).
consists of the IMVC which thins (in map view) to
the S andis flanked to the E by Triassic strata and
Paleozoic strata to the W, separated from one
another by the Flagstfafrhrust Fault of th&aSTS
(Dunne and Walker, 2004). Elements of the upper,
middle, and lower portions of the IMVC can be
found around Malpais Mesa. The upper portion
consists of volcanogenic clastics, rare calcareous

strata, welded tuff, and lava flowshd& middle

Figure 15: Map of the Southern Inyo portioncontainswelded asHlow tuff, andesitic
Mountains where Malpais Mesa is situate
showing the Inyo Mountains Volcanic and rhyolitic lava flows, and some volcanogenic

Complex and surrounding features. Take

from Dunne and others. 1998 clastics. The lower portion consists of

volcanogenic clastics, some basaltic lava flows,
and rare felsic tuff; the basal contact consists of a camgyiatic layer then the top of thinion
Wash Formation (Stonet al, 2009). The Cenozoic volcaniocksof the areappear to be
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