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ABSTRACT

DNR

The Utah Geological Survey recently released a preliminary geologic map of the St. George 30’ x 60’ quadrangle in southwest Utah. The area is known for its extraordinary
geologic diversity, rapidly expanding population in a region with significant geologic hazards, and significant tourist economy based in part on several local, state, and
national parks created because of their geological significance. This new geologic map displays the regional geology in unprecedented detail. However, while useful

to geologists, such standard geologic maps remain obscure to most of the general population who could benefit from their use and understanding.

To make it easier for nongeologists to visualize the relationship between the geology and modern landforms, we intend to use Google Earth™ to create a virtual geologic
map and field trip, in addition to our standard map publication. Our virtual map will use a variety of overlays and placemarks to present geological highlights of the

region, and will use 3-D visualization that brings maps to life, thus dramatically showing the relationship between geology and topography. Coupled with placemarks
that serve to highlight selected geologic features; point, line, and polygon hotlinks that serve to identify geologic map attributes; and a variety of field trip routes that

explain the local geology, we intend that the geologic map will be useful to a much wider audience than normal.

The virtual map will also enable people to preview real

field trip routes, stimulating interest in actually getting people outdoors to observe and begin to understand the rocks, landforms, geologic resources, and geologic

hazards in the region.

METHODOLOGY

Because users of virtual globes naturally want to zoom in to see the landscape in as much detail as possible,
we used a high-resolution geologic map as a base on which to build our field trip. We also sought to automate
construction of the field trip as much as possible, and found that creating much of the trip in an Excel spreadsheet
allowed maximum flexibility in designing the trip route and format.

CREATING THE VIRTUAL GEOLOGIC MAP OVERLAY

The geologic map overlay is the heart of our field trip, allowing geologic highlights or placemarks to be viewed
in their wider geologic setting. The map overlay, coupled with the 3-D capabilities of Google Earth, can be
thought of as a platform for a virtual geologic field trip in its own right, especially for those with a modest
geologic background. The map can be viewed from any angle at any resolution, vividly bringing to life the
relationship of geology and topography.

Our goal is to create high quality representations of our original published geologic maps for display in Google
Earth. All lines are maintained as vector lines instead of lower quality raster lines. Symbolized geologic lines
and geologic map symbols need to be “exploded” into line segments, representing their original characteristics,
otherwise Google Earth only displays simple lines with no distinction between various geologic line types. We
do this “exploding” using VrOne, a photogrammetry CAD software that we use to create many of our original
geologic maps.

Other steps in this process are done using ArcMap from ESRI, and a free extension to ArcMap called Export
To KML. We use ArcMap to export an 800-ppi raster and world file of the colored geologic polygons. Export
To KML is used to export polygon attributes for display in Google Earth.

Another software, Global Mapper, is used to create the final line work with specified line weights and colors,
and a tiled raster of the colored geologic polygons in KMZ format, compatible with Google Earth.

In summary, here are our simplified steps for creating KMZ files of geologic maps for use in Google Earth. We
started with ArcGIS files of the geologic map.

1. VrOne or AutoCAD - Explode all CAD symbolized lines and geologic symbols and export to DXF or
SHP format.

2. ArcMap with Export To KML - Export 800-ppi raster and world file of the colored geologic
polygons. Use Export To KML to export polygon attributes as points.

3. Global Mapper — Import exploded CAD data and then specify desired line weights and colors;
export as vector KMZ file. Import the raster file of the colored geologic polygons and then export it
as a raster KMZ file; this creates a tiled raster compatible with Google Earth.

The resulting .KMZ file is about 30 MB for this complex geologic map. We broke the file into four parts to
speed downloading of the file.

CREATING A VIRTUAL GEOLOGIC FIELD TRIP

We used Excel and Google Earth to create our virtual geologic field trip of the St. George 30’ x 60’ quadrangle.
By working as much as possible in Excel, we are able to more efficiently design the trip and format the display
than if we assembled the trip using Google Earth alone. Here’s an outline of what we did:

. Use Google Earth to add placemarks. Latitude, longitude, and viewing properties (altitude, range,
tilt, heading, etc.) are then saved as a .KML file.

* Rename the .KML file as an .XML file, which can be opened in Excel.

. In Excel, create additional columns for text, name of photos or other illustrations, and captions for
these illustrations. Placing each item in a separate column allows us to create a standard format for
information that will be displayed in each placemark.

*  Number each placemark and organize the trip using the sorting routine in Excel.

* Using basic html tags and the information in the Excel table, create a macro that will autoformat
each placemark. This allows for standardized formatting of multiple placemarks simultaneously.

 To aid technical review of the virtual field trip, we extracted the text and pasted it into a Word
document. Reviewers can then take the virtual tour, yet have a copy of the text on which to make

comments.

FUTURE POSSIBILITIES

Google Earth is an excellent platform for disseminating a variety of geologic information. In the future, we may:

 Add additional placemarks that serve to highlight the full range of geologic units and structures in the
quadrangle.

 Create placemarks to show a variety of geologic hazard and geologic resource information.

 Create several different, possibly theme-based, field trip routes.

 Add links to stratigraphic columns, correlation diagrams, and cross sections.

MELDING GEOLOGY AND TOPOGRAPHY

One of the most powerful applications of Google Earth or other virtual globes is the ability to
overlay transparent geologic maps over a 3-D surface, and, using built-in navigational tools, view
the landscape and geology at any angle and at any scale. This “bird’s-eye view” readily enables
users to gain a better appreciation of what geologic maps are trying to show.
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Vertical, map view of Red Mountain, partly ringed by pediment When viewed obliquely, and especially when viewed from a variety of
deposits on which the town of lvins is built. Note landslide deposit different angles, the landslide comes clearly into view, and its relationship
at the southwest end of Red Mountain. to the topographically higher Red Mountain and the broad pediment

becomes clear.

=l
File:  Et i
- Search @ | % gEg | | 2EA6
® \ -,:{/‘f”’ A - [
. | @
LS \.
- ¥
F Ay %
. ————y
. “‘ " “d |
; e .
\ s N ( ‘ T \
s 1
i \FEEE T A
¢ =il
f [ | g
o, “r"" < g p q
£ - “\// \ ¥ i \
/ \
’ v 3 View: [ Core
aaaaaa
[m]
mO
mO
m
e 1 9 ;
a0 DigitalGlol
mO
mO

R oint

—_—

[ @ novell-delivered Appi.

Vertical, map view of the Grand Wash fault zone and the Utah-Arizona This oblique view shows how well the geology matches topography, with
state line. the members of the Kaibab and Toroweap Formations draping over cliffs
and slopes in the footwall of the fault.
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Vertical, map view of the Kolob Canyons part of Zion National Park. Once again, a bird’s-eye view allows map users to more clearly see the
relationship of geology to topography. Here, Triassic and Jurassic strata
dip east on the east limb of the Kanarra anticline, a Late Cretaceous
frontal fold of the Sevier orogenic belt; the west-directed Taylor Creek
backthrust repeats the Springdale Sandstone, forming three hogbacks.

VIRTUAL GEOLOGIC MAP AND FIELD TRIP OF THE ST. GEORGE 30’ X 60
UADRANGLE, WASHINGTON COUNTY, UTAH — PRECURSOR TO THE REAL THING

. Utah Geological Survey, PO. Box 146100, Salt Lake City, UT 84114-6100
Kent D BI‘OWII ancl Ro])ert F Blek phone: (801) 537-3300 email: kentbrown@utah.gov, bobbiek@Qutah.gov

Plate 1

Utah Geological Survey Utah Geological Survey Map

a division of Interim Geologic Map of the St. George 30’ x 60’ Quadrangle and

Utah Department of Natural Resources east part of the Clover Mountains 30’ x 60° Quadrangle
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Hurricane fault zone at Timpoweap Canyon
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Image Caption: View
northeast to the entrance of
[ Timpowveap Canyon. Three
0 " miain strands of the

= | Hurricane fautt zone are
zhoven. Here, the 350,000 ka
Walcano Mountain lava flow
AR TR (G2 of Biek, 20035) iz

i offset about 240 feet (73 m),
yielding an average slip rate
of about & inches 000 years (0.21 mmd yr) for this part fautt. The fautt zone is L iy Q= e T
characterized by a west-dipping panel of Triassic strata caught betvween splays of the H u Qr ica r]_e‘fa u It Zone at -E' m P.Ov!'.e
fault; the=se red beds act as a barrier to ground water flow, causing warm water to rise 'r b a

through permesbls Permian strata inthe footwall and emerde a5 Pah Tempe Hot Springs.
TRcp = Petrified Forest Member of the Chinle Formation; TRms = Shnabkaib Member of the
hoenkopi Formation; Ptvw and Pth = Woods Ranch and Brady Canyon Members of the
Toroyveap Formation, respectively; Pkf = Fossil Mourtain Member of the Kaibakb Formation.

Hurricane fault zone at Timpoweap Canyon
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The Hurricane fault iz s major, active, steeply west-dipping normal fault that stretches at

- O “oloano Mourtain lave w = E least 155 miles (250 km) from south of the Grand Canyan northeard to Cedar City. Inthe
1 Hurricane area, the Upper Cretaceous Iron Springs Formation is down to the west against
] ! _ - ; the Lower Permian Toroweap Formation, resutting in an apparent, or stratigraphic,
— separstion scross the fault zone in this ares of nearly 9000 feet (2750 m) (Biek, 2003a).
o Layers r B Howvever, by subtracting the effects of previous Sevier-age folding, reverse-drag flexure

in the footwall, and rize-to-the-fault flexure inthe hanging weall, the true tectonic
Jr-z 4 dizplacement acrozs the fault st the lstitude of Hurricans is about 3600 feet (1100 m)
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= ! {Anderson and Christenson, 1989).

5[] = Primary Databaze
2 Terrain
+ [ % cengraphic ek

Lund and others (2001, 2007 investigsted the paleoseismology of the Hurricane fault in
Litah and noted that the most recent surface faulting event on the fault occurred in the
latest Pleistocene of early Holocene, at the north end of the fault near Cedar City. They

| 'ﬁ' ol further noted that multiple surface faulting eathguakes have occurred inthe late

= . Guaternary along most, if not all, of the Utah portion of the fault. The fault is considered
. E Tratfic capable of genersting damaging earthguakes of shout magnitude 7.0; the 1932 magnituce
+ O ‘ﬁ Westher (hL1 5.5 St George earthoguake iz thought to have occurred on the west-dipping

+|:| 4 30 Buidings

+ 'lF' Borders and Lakels
+ [=] \;1" Callery

+ O @ Glokal Awareness
;;D F Places of Interest

subsurface projection of the Hurricane fault (Arabasz and others, 1992, Pechmann and
athers, 1993,

Stewvart and Taylor (1996) defined & fault segment boundary just notth of Toguetville, thus
dividing the Hurricane fault zone into the Ash Creek segment to the north and the
Anderson Junction segment to the south. Here, where the Yirgin River crozses the fault,
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Oblique, eastward view of the Hurricane fault zone at Timpoweap Canyon; inset
shows geologic map overlay and the view before user opens placemark. Text,
photos, and web links describe geologic features visible at this location.
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Image Caption: Jerry
Harris (left, Dixie State
College of Lksh) and Jim
Kirkland (right, UGS st the
J-0 unconformity between

: the Upper Triassic Chinle

g ;-'Qh Formation and the Upper

- Triassic to Lower Jurassic
- Moenave Farmation in
Warner Yalley; view east.
hiz unconformity

,_._: represents a gap of several
o million years in Late Triassic
B time (previouzly the Dinozaur
Canyon Member was
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thought to be entirely Lower
Jurassic in age, but newy research suggests that =t least the lower part of the member is
Upper Tria=ssic). Throughout Washington County this contact is marked by a chert-pebble
conglomerate and abundant anhydrite nodules .

The uncanformable contact between the Petritied Forest Member of the Chinle Faormation

[ | ] | |‘ and the overlying Dinosaur Canyon Member of the Moenave Formation corresponds to a
(o prominent color and lithologic change from purplish, swelling mudstone with nodular
* Layers ,.: limestone belowy to overlying, reddish-brovn, non-bertonitic sitstone and fine-grained

zandstone above. Thiz contact, the J-0 unconformity of Pipiringos and O'Sullivan (1973), iz
exceptionally well exposed on the eastside of a wash due north of the junction to the

View: | Core w - 5 r : f
T».:-‘- ‘Wiarner Valley dinozaur tracksite (Kirkland and Milner, 20087,
= 2] % Primary Database i There, the base of the Dinosaur Canyon Member of the Mosnave Formation is marked by a
3 Terrain pebhbly conglomerate as much as several feet thick. The conglomerate containg rounded
+ [ L7 Genoraphic Wsh chert and reworked anhydrite nodules in & coarse sand matriz. The conglamerate overlies
| ,i, s i purplizh bertonitic mudstone with limestone and anhydrite nodules, long mapped as the ¢
= : Petrified Forest Member of the Chinle Formation, but that may be the Ol Rock Member of - N
0 a Tratfic the Chinle Formation (Spencer Lucas, verbal communicstion, Movember 11, 20047,
[+ | ﬁ Wygather Because lowwer Dinosaur Canyon strata are now believed to be Upper Trisssic in age, the Il
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J-0 unconformity, &t least in southwest Ush, is not the first major unconformity of the
Jurasszic, rather it iz the last major unconformity of the Triazsic.
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Excellent, uncommon exposure of the “J-0” unconformity near the Warner Valley
Dinosaur Tracksite. Placemarks can show map users exactly where to go to visit
interesting geologic features.
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Image Caption: Guail
Creek south dike, shortly
after itz catastrophic failure

. on January 1, 1989, Note
. § hovwe floocwaters scoured
the bedrock clean of loose,
overlying sediments just
helow the dike. Photo by Ben
Everitt, Ltah Division of
Water Resources.
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-1 (©) 2005 Santa Clara River
flood

- 41 ©) Black Ridoe Dr. landstid

- O Lava-filed shot canyon

- ¥ ©) Snow Canyon Overlon

Quail Creek South Dike '

At 12:30 a.m. on January 1, 1359, the Guail Creek south dike collapsed catastrophically
and unleashed atorrent of water, causing milions of dollars of damage. Forunately, the
dovenstream area was evacuated in time to avoid fatalties. LApproximately 25 000
acre-feet of water — mare than half of the reservoir's capacity — flowwed through a breach
inthe dike aver a 12-hour period.
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The ariginal Guail Creek south dike was a T8-foot-high, 2000-foct-long earthen dam
constructed in 1984, The dam was poarly designed and seepage under the dam ocourred

f
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> Layers immediately after filing the reservair. Thiz seepage eroded the dam and foundation
materials over the years despite efforts to seal the leaks. Utimately, seepage and erosion
View: Core "v of the dam and foundation materials continued and accelerated until caving occurred on a

developing opening inthe dike. Frantic, last-minute efforts to stem the seepage were
unzuccessful and the dike finally breached.

2 [ %= primary Database -
2 Terrain _ E 4 After the dike's collap=e, investigators found that participation of an engineering geclogist
+ [] s Geographic Wik .2‘_!5 ; weas limited during the explorstion, design, construction, and operation of the dike. They
.
et

5 -‘; _.;'. \ \1{ ':‘:'1&\‘1

3| ,; - e further found that the dike's failure was principally due to poor foundation design and

= ) - construction. Simply put, the dike vwas built mostly on the highly joirted, gypsum-besring
0§ marfic Shnabkaik Member of the Moenkopi Formstion (except the southesst abutmert which lies
+ | ﬁ‘ Wiesther on the upper red member). The joirts, or cracks, allowed water to rapidly infitrate bedrock
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under the dike, bringing it in contact with gypsum, which readily dizzolves in water.

The new dike, called the Quail Creek south dam, was completed in 1990 as a
roller-compacted concrete gravity dam. The dimensions of the dam are basically the same
as the dike, except that i nowy includes a new impermeable cutoff tfrench as much as 75
feet deep, which is designed to prevent water from seeping under the dam. Evidence of
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Oblique view of the Virgin anticline and Quail Creek Reservoir. The south dam of
the reservoir failed catastrophically on January 1, 1989, which is clearly visible in
the accompanying photograph.



