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SUMMARY

Before 2015 no comprehensive geologic survey had been done of the McDowell Mountains, a small but
geologically complex range in Scottsdale, Arizona. Based on his interest in these mountains, geologist
Steve Skotnicki spent over 9 years and 2000 hours of personal time, including 1200 hours in the field, to
produce a detailed hand-drawn survey map of the range and vicinity.

The McDowell Sonoran Conservancy (the Conservancy), which partners with the City of Scottsdale to
manage the Preserve in which these mountains are located, funded the completion of Dr. Skotnicki’s
field mapping. The Conservancy also agreed to digitize the map at no charge using citizen scientists led
by Dan Gruber, a volunteer familiar with geology and basic mapping techniques, and supported by
geology consultant Brian Gootee of the Arizona Geological Survey (AZGS) and Conservancy staff.

A team of Conservancy citizen scientists successfully digitized the map, which is now available online
sponsored by the AZGS. A version suitable for large-format printing is in progress. This project
demonstrates the ability of trained volunteers to handle large, technically complex projects.

Converting field work into 1:12,000 master rﬁap - Photo by S Skotnicki

APPROACH

The volunteer team was recruited from citizen scientists who had participated in previous geology
projects sponsored by the McDowell Sonoran Conservancy Field Institute (the Field Institute), the
Conservancy’s research center. They were familiar with the mountain range and geologic terminology,
and they also understood the importance of having a comprehensive geologic map of the area.

Infrastructure necessary to support the work was developed by Gootee and Gruber:

® Making high-resolution images of the hand-drawn maps and georeferencing the images to a base
map in ArcMap from ESRI.

® Providing a USGS ArcMap toolbar modified by the AZGS for digitizing.

® Dividing the significant work effort into reasonable pieces whose status could be monitored.

The digitization process involved separating the work into phases, developing instructions for each
phase, and training the team. After each phase quality assurance was done by having team members
review each other’s work, followed by final review by Gruber.

Map layout included legend production using map unit descriptions and metadata from Skotnicki. A
standard USGS color palette was modified based on discussions between Gruber and Skotnicki.

Gootee and GIS specialists at AZGS prepared the map for online digital access through ESRI ArcGIS
Online. The digital map can be accessed on mobile devices.
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MapUnitPolys
Quaternary Deposits
Qy - Holocene alluvial deposits (<10 ka)
Qy1 - Older Holocene alluvial deposits {<10 ka)
Ql - Late Pleistocene alluvial deposits (10 to 250 ka)
Qm - Middle Pleistocene alluvial deposits, undivided (250 to 750 ka)
Qm1 - Older Middle Pleistocene alluvial deposits (250 to 750 ka}
Qls - Landslide Deposits - Marcus Landslide (probably Early to Middle Pleistocene)
Qmo - Older to Middle Pleistocene alluvial deposits (500 ka to 2 Ma)

Qc - Colluvium (probably Early to Middle Pleistocene
QTe - Older Colluvium (probably Late Tertiasry to Early Pleistocene)
Qly - Holocene and Late Pleistocene alluvial deposits, undivided (<250 ka)
d - Anthropogenic deposit (< 100 years)
- - Unlabeled
Younger Tertiary Deposits
Tsy - Younger sedimentary deposits (late Tertiary)
Tsp - Pemberton Ranch Formation (Late Tertiary)
Older Tertiary Deposits
Tb - Basalt, undivided {Early to Middle Miocene)
Tb5 - Resistant ridge-capping volcanic flow (Middle Tertiary)
Tta - Fragmental rock, possibly an ash-flow tuff (Middle Tertiary)
- Tb4 - Basalt with green spherules (Middle Tertiary)
Tb3 - Qlivine basalt (Middle Tertiary)
Tt - Tuff (Middle Tertiary)
[ Tb2 - Basalt (Middle Tertiary)
Tb1 - Basalt (Middle Tertiary)
Tc - Tertiary Conglomerate (Early Miocene)
Tel - Landslide block (Middle Tertiary)
Teu - Conglomerate, breccia, and sandstone undivided (middle Tertiary) Fountain Hills area
- Tm - Mafic volcanic rocks of Mount McDowell (middle Tertiary)
Intrusive Rocks
Tri - Intrusive rhyolite (Middle Tertiary)
Proterozoic Intrusive Rocks
Yx - Mylonite (Mesoproterozoic, possibly Grenville)
‘Ygm - Mylonitic granite (Middle Proterozoic)
Yq - Quartz (mesoproterozoic}
Yg - Coarse-grained granite (Middle Proterozoic)
T vxg - Felsic Granitoid of Fountain Hills (Middle or Early Proterozoic)
YXd - Gabbro (mesoproterozoic)
Xgm - Mafic granite - Antiguo granite (Mesoproterozoic)
- Xm - Mafic intrusions (Mesoproterozoic)
Xf- Quartz porphyry
- Xa - Amphibolite. Very small outcrop {Mesoproterozoic)
Xi - Crystal-rich mafic sill in northwest corner of range (Paleoproterozoic or Mesoproterozoic)
Taliesin Tuff (Mesoproterozoic)
Xtu - Taliesin tuff, major map unit
Xtul - Taliesin tuff, lithic-rich and fiamme-rich unit
Xtus - Sandstone unit
Xri - Intrusive rhyolite (Mesoproterozoic)
Xss - Quartz sandstone (Mesoproterozoic)
Xb - Metabasalt (mesoproterozoic)
Xgh - Quartzite within metabasalt (Mesoproterozoic)
Xst - Sandstone or tuff (Mesoproterozoic)
Xr - Rhyolite (Early Proterozoic)
Xex - Conglomerate/Breccia (Mesoproterozoic)
!:l Xtm - Nedio tuff (Mesoproterozoic)
Xvg - Diamictite (Mesoproterozoic)
Xtr - Resistant light gray ash-flow tuff
Thompson Peak Tuff (Mesoproterozoic)
Xit - Thompson Peak Tuff, lithic-rich unit
Xqt - Thin sandstone or tuff beds east of Thompson Peak
Xro - Rhyolite
[ xtg - Dark gray lithic-rich tuff
Slivers of rocks along Thompson Peak thrust fault (Mesoproterozoic)
Xqc - Clean quartzite
Hondo/Mazatzal Group (Mesoproterozoic)
- Xquf - Thinly bedded quartzite
Xqu - Upper Pink Quartzite
Xgm - Middle, blue-gray quartzite
Xsm - Schist
_ Xs - Schist, undivided (Early Proterozoic)
[ Xql- Lower, blue-gray quartzite
Vidato Group (Paleoproterozoic)
Xtor - Red older ash-flow tuff
Xto - Older ash-flow tuff
Enclaves within Carefree Granite at Northern Edge of Map (Paleoproterozoic)
Ej Xq - Quartzite (Early Proterozoic)
- Xgs - Micaceous quartzite
Younger Quartzite-rich Portion of the Sequence
] Xqew - Clean quartzite, undifferentiated
- Xqcs - Micaceous quartzite, undifferentiated
Xq12 - Clean quartzite
Xq11 - Micaceous fissile quartzite
Xq10 - Quartzite
Xq9 - Micaceous fissile quartzite
. Xg8-Quartzite
Xq7 - Quartzite
Xq7a - Quartzite
[ Xq7b - Quartzite
[ xq6 - Quartzite
Xq5 - Fissile quartzite
Xg4 - Quartzite
D Xq3 - Micaceous tan phyllite and fine-grained quartzite
Xq2 - Orange quartzite
[ Xq1 - Blue-gray quartzite
Older Volcaniclastic-rich Portion of the Sequence
ZI Xo4 - Volcaniclastic conglomerate
Xo3 - Gray slate and phyllite
X02 - Sandstone and conglomerate
[T Xo1 - Volcanic conglomerate
ContactsAndFaults
contact, accurate
———— contact, approximate
~w—u— |andslide, head scarp
— high-angle normal fault, accurate
————— high-angle normal fault, approximate
— high-angle normal fault
—— thrust fault, accurate
various annotated contact
e high-angle normal fault, concealed
v thrust fault, concealed
GeologicLines
anticline axis, accurate
anticline axis, approximate
anticline axis, concealed
syncline axis, accurate
syncline axis, approximate
syncline axis, concealed
~—- mafic dike
= felsic dike
+«+ quartz vein
— rhyolite dike
=== granite dike

Orientation Points
b flow foliation

I strike and dip of bedding, inclined

t  strike and dip of bedding, vertical

¢ strike and dip of bedding, overtumed

strike and dip of bedding, approximate

gently inclined bedding, 0-30 degrees

inclined flow banding, lamination, layering, or foliation in igneous rock
vertical flow banding, lamination, layering, or foliation in igneous rock
approximate plung direction of inclined lineation or linear structure
inclined lineation or linear structure

inclined fold hinge of small, minor syncline

mylonitic fabric, incliined

AZGS.2089 ?

AZGS.2120 ?

AZGS.21657?

Access Areas and Selected Features
@ access areas with parking

R G

local streets

regional streets

McDowell Sonoran Preserve trails

------ McDowell Mountain Regional Park trails
. peaks

roofprints

s spring

—— cartographic lines
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Geologic Map of the McDowell Mountains
by
Steven J. Skotnicki
2016

Digitized by

Bobby Alpert, Con Englehorn, Franco Farina, Jim Frier, Marjorie Gillis, Dan Gruber,
Tom Hartley, Ralph Lipfert, John McEnroe, Peggy McNamara, and Brian Munson

McDowell Sonoran Conservancy Field Institute

Project Guidance and Technical Support by
Brian Gootee, Arizona Geological Survey
Melanie Tluczek, McDowell Sonoran Conservancy Field Institute

Draft geologic map produced by McDowell Sonoran Conservancy Field Institute citizen scientists from the work of Steve Skotnicki. Changes to the legend and
the addition of cross-sections and other information are in progress.

RESULTS

Vital statistics of the completed map:
® 87 sections (square miles) covered entirely or in part
® 86 map units individually described with full metadata and colored

~3200 polygons — distinguishable rock units in the map area

A team of 10 citizen scientists produced the digital map and associated geodatabase in 900 hours of
effort over 6 months. The time spent included 100 hours of education and training and 150 hours of
quality checking. Project support and supervision from Skotnicki, Gootee, and Field Institute assistant
director Melanie Tluczek totaled more than 100 hours.

QR code for
digital map

® ~3000 points where orientation data about rock characteristics were recorded

\The digital map is available at http://tinyurl.com/GeoMap-McdowellMtns, courtesy of the AZGS.

\provided by the City of Scottsdale GIS staff. We are grateful for their continuing support.
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SIGNIFICANCE

The work of Field Institute citizen scientists made a significant document — which added important
information about the McDowell Mountains and raised interesting research questions — accessible to
researchers, educators, and other interested parties.

To our knowledge this is the largest such project done by a small conservancy. The scale of the effort
and quality of the result demonstrate the ability of volunteers to perform professional-level work.

The digital map will:

® Allow users to understand the geology of what is seen on or from the trails in the McDowell
Sonoran Preserve (the nation’s largest urban preserve) and vicinity.

® Support interpretive hikes and field education about geology.
® Aid in site selection and provide background information for future ecological research.

® Allow area geology to be related to other features that reflect or depend on it like soil types and
biotic communities.

Per Gootee, the project saved hundreds of hours of professional mapping assistance that would have
cost tens of thousands of dollars. This important map by Skotnicki would not have been completed
without support from the McDowell Sonoran Conservancy Field Institute and its citizen scientists.
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A. Detail from hand-drawn map by Steven Skotnicki showing ~2.5 mile B. Same area as hand-drawn map after digitization by Field Institute citizen
square area in northwestern McDowell Mountains. scientists. Full map layout includes additional detail like streets, roofs, etc.
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