.J... l

Exploring the Geology of Arizona National Parks with Geologic Resource Inventory Products (]()%&do ‘

Ronald D. Karpilo Jr., Stephanie A. O’Meara, Trista L. Thornberry-Ehrlich, James R. H. Winter, Georgia A. Hybels, and James R. Chappell

niversity
Colorado State University, Department of Geosciences

-~

r ' o~ u . ’ 'v 'FA"“IF '; ‘ ra 4 ' I' i - . ! o : ) ..- . : , . -
. - ' —ai - = ¢ . : 4 ; ] ’ - i

ma

The Geologic Resources Inventory ' | Grand Canyon Centennial

The Geologic Resources Inventory (GRI) is one of twelve inventories funded under the National Park Service (NPS) Natural Resource | _February 26, 2019, the Grand Canyon celebrated 100 years since it's designation as
_ Challenge. The goal of the GRI is to increase understanding of the geologic processes at work in parks and provide accurate geologic information "1“ D"Da;:g;f; ﬁ;‘;th{;ﬁ: 3:{:}2"2 ;ﬁ:f;;?;ﬁpfaﬁﬁ;“fgz'ﬁfg gﬂ:ﬁg :'2'::’{;? :f‘;:‘g:;r‘o’?ﬁer
Notable geology of Sunset Crater Volcano -y ' e e . Rr = for use "j' park declsmf‘:—makmg. Sound park _Stewardsmp rghes on'understanding natural resources an_d thglr foISHRIIS ecos_yStem’ qf e enjoying the landscape from an overlook drand Canyon continues to provide a space for Notable geology of Canyon de Chelly
Established by presidential proclamation in 1930, Sunset Crater Volcano National Monument protects and preserves over 3000 acres that represent ot B = S50 SR . AN, geology is the foundation. The GRI program is a partnership between the NPS and Colorado State University (CSU), and relies heavily upon all visitors to connect with the outdoors. NATIONAL PARK

the Colorado Plateau’s most recent volcanic eruption. Located about 15 miles northeast of Flagstaff, Sunset Crater Volcano National Monument protects AR % i e A e . _ _ . O ; 294 o the U.S. Geological Survey, individual state geological surveys, and other organizations in developing its source map products. CSU research https://www.nps.gov/arcalgetinvolved/centennial.htm CERTENNIAL Canyon de Chelly National Monument, in the heart of the Navajo Nation, was established to maintain and
the 1000-foot-high cinder cone and surrounding features including the Bonito Lake Lava Flow, ice cave, cinder fields, spatter cones, lava tubes, and g BN R g - by SPREY ot TR S <, N associates work side-by-side with NPS GRI staff to facilitate a scoping meeting that identifies park mapping needs, as well as park-specific geologic preserve an outstanding concentration of archeological resources, representing thousands of years of continuous

squeeze ups. The recent nature of the eruption and relatively undeveloped landscape provide outstanding opportunities to study plant succession and _ e ; : Loy RREA T i by s RS (" b % ‘ issues, features, and processes. Additional information about the GRI program can be found at: https://www.nps.gov/subjects/geology/ari.htm i occupation and agrimfltun_'e, as well as other signiﬁcant_ f‘latural and cultural features. The canyon preserves
ecological change. At first glance, much of the stark, black landscape appears inhospitable. But within the dramatic geologic features, islands of desert [ , a7e P it e = ) ; L e s Tal. 5 . o : 5 resources of sacred significance and perpetuates traditions of past and present cultures connected to these

shrubs, wildflowers, and trees have created small and unique habitats for wildlife to return. 0 - landscapes.
verview of GRI Products
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Covering over 1800 square miles, the San Francisco Volcanic Field, located on the southern border of the Colorado Plateau, contains about 600 TR Y -5 oo e e AR AL o rad % VR D z Sandstone walls rise in height from 30 feet high near the mouth of Cany_on de_CheIIy to ’1:2{1[] fegt at the
volcanos ranging in age from Miocene to Holocene. Sunset Crater, one of the youngest cinder cones in the contiguous United States and the youngest S E ML s IR s SO R LN 2 % N BS. L 3 The GRI produces several products to assist park staff in the management and protection of their park. These products include a digital _ : : eastern end of the monument. Natural features such as the 825 feet tall towering spires of erosion-resistant
volcano in"thde San Frgncifstcfo U{;Icanic Fiel_dk?n,:ptecf in gl:éout 11(]15 CE. :\'he eruptign bggan wi(t:h an a\[:plmxima:fel},lr T-mge—lont? T?ssure {lznf lava fountaining g . b PRGN =2y ped = i D 2 . Q' & 4 geologic-GIS map product that is available in three data formats: : e ' z?tn::t&gi;gc; gggl-;o::do::ﬁlgi:o ngi ;l; i?_f:y::c;: :zp;gzﬂsngngff é;ﬁ ccieefg;g;t;gii ?sn: ;:zlr;t; ::n I:Qfsft‘l;tgrgf
activity called a “curtain of fire” but was quickly localized directly beneath present day Sunset Crater Volcano. Violent, Strombolian-style eruption B % ' 1.)YESRI 10.X fil odatabase and accombanvina 10.0 ArcM ment for use with ESRI ArcGIS software : : J in prof itu ignifi . opl logi
columns sent molten rock and volcanic ash billowing into the air. When the eruption concluded, the Sunset Crater cinder cone loomed 1000 feet over the 2'; KfﬂL J"KM.Z ﬁl: fgf Neaiii t?]s G:og!e ECaD rthpa YIS ap docu Sl th ES < a the national monument because it displays the three rock formations exposed here: Pennsylvanian sandstone of

dramatically altered landscape. Ash deposits up to 40 feet thick covered almost 900 square miles and 3 separate lava flows extended nearly 7 miles from ! ; : s S | R T Va® A5 & AR : % : 2 i . el ! i : the Supai Group, Permian De Chelly Sandstone, and the Triassic Shinarump Member of the Chinle Formation.
the source vent. By j _ oo 3 B = AR NER: § 3.) ESRI 10.X map service for use with ESRI online web map applications such as ArcGIS Online, or other portal/viewer applications. o Sl v 2 Additionally, Canyon de Chelly is designated as the type section for the De Chelly Sandstone.

|gure 2: Large scale crossb&ddmg of the De Chfﬂly Sandstone. Photo by Ron Karpllo

i LR oy e L a . i o a—— ] L T TV | L

These events were the only eruptions indisputably witnessed by pre-historic communities in the Southwest and they certainly impacted their way of B, - g o LR Ry B <3 g T Ry Each digital geologic-GIS product also contains an introductory readme file, FGDC-compliant metadata, and an ancillary map information

life. Archeological evidence indicates that native peoples were forced to relocate to nearby areas and there is even evidence of humans interacting directly AL Y s o e 2 : e A o o document, which contains unit descriptions and other ancillary source map graphics and information.
with the volcano. Pieces of Sunset Crater scoria with impressions of corn kernels have been found within the walls of habitation structures miles away from A T B . . i W 0

o 2 i Figure 2F‘arl uf the fissure preserved in the umtu Lava tr:rwlnat opened Pl 3 Figure 3: Chunck of Sunset Crater basalt with comn cob impressions. Some iti Tall 1C- i i i
the closest lava flows. These “corn rocks” are thought to have been formed when people put ears of corn near spattering vents above lava tubes. When the oSyt Bag o e Koot P Socs phlogron . SN Elite & Clnce s Sume b ssitulh com b s Sone In addition to the digital geologic-GIS map product, the GRI also produces a basic cartographic layout and a geologic report. The layout

vents erupted, it covered the corn in molten rocks that eventually cooled to create corn molds. . i - —e A oo 3 lava to try and stop the flow or to honor it as a blessing. Photo by Helga Teiwes displays a park’s geologic map complete with prominent features and localities within and around the park. The report is a comprehensive
document that presents a park’s:
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Notable geology of Walnut Canyon i g o ey AR R D ' \L LAKE MIEAB-ALATIONAL .. HUBBELL TRADING POST Notable geology of Petrified Forest = — = B i i
Walnut Canyon National Monument, located roughly 8 miles east of Flagstaff, Arizona, was established by presidential proclamation in 1915 to et o Pl T : T s e r - : 5@ : : : e e
protect a dense concentration of prehistoric cliff dwellings. The canyon, deeply incised into Permian aged limestone and sandstone, provided a reliable Pre s e B8 7 SRR e Tt e : A A - Y. The first American national park that was set aside specifically for fossil resources is Petrified Forest National Park in ; : R S
water source and shelter for the people of the Sinagua culture (Sinagua means “without water” in Spanish). Seasonally available water, varied solar  # ' [ %a " PG o : - R E C R E ATI 0 N A R : @f" N ATI 0 N A L H l S T 0 R I c S I T E ' ‘ northeastern Arizona. The excellent exposures and accessibility of the Upper Triassic Chinle Formation make Petrified Forest - — = Sl ok Foru

exposures and elevations also made this canyon a biologically diverse hotspot of multiple overlapping distinct ecosystems that support a variety of wildlife S, : v b=ty P 2 mes ok X o L 2 7o) - | - . ' National Park a world-renowned natural laboratory for paleontology and other geologic disciplines such as sedimentology,
and plant species. : . » - ¥ & ) SRR 4 I 5 2 =3 _ _ _ -.
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The people of the Sinagua culture thrived in Walnut Canyon and benefited from the geologic landscape in multiple ways. Less resistant sandstone : W —t, Lo Ll " RN e : = Sl \ wood '"1 the WF‘”‘* and 501e'nt|5t5 now recognize it as one of the best places in the world to study the evolutionary transition of i 7

lenses in the Kaibab Limestone eroded away providing overhanging limestone ledges under which dwellings could be constructed. Ash and cinders from » | T e AT e i Y R i S TN ; : A o, N __ Vo LCAN 0 - nonmarine animals, especially tetrapods.

volcanic eruptions in the San Francisco Volcanic Field enriched the soil above the canyon rim where the Sinagua people grew squash, corn and beans. & ; o o LS 8, ures 3: ' % : : » : :

The people of the Sinaqua culture thrived in Walnut Canyon for roughly 150 years until about 1250 CE and left behind about 300 rooms along both sides d B =R ¥ W ERC Wgy  here on the island Trail) provided shelter for

: : - - y ! - [ N o b the Sinagua people to build their dwellings. o ] b : - i
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