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Executive Summary 
A fundamental responsibility of the National Park Service (NPS) is to ensure that park resources are 
preserved, protected, and managed in consideration of the resources themselves and for the benefit 
and enjoyment by the public. Through the inventory, monitoring, and study of park resources, we 
gain a greater understanding of the scope, significance, distribution, and management issues 
associated with these resources and their use. This baseline of natural resource information is 
available to inform park managers, scientists, stakeholders, and the public about the conditions of 
these resources and the factors or activities which may threaten or influence their stability. 

There are several different categories of geologic or stratigraphic units (supergroup, group, 
formation, member, bed) which represent a hierarchical system of classification. The mapping of 
stratigraphic units involves the evaluation of lithologies, bedding properties, thickness, geographic 
distribution, and other factors. If a new mappable geologic unit is identified, it may be described and 
named through a rigorously defined process that is standardized and codified by the professional 
geologic community (North American Commission on Stratigraphic Nomenclature 2005). In most 
instances when a new geologic unit such as a formation is described and named in the scientific 
literature, a specific and well-exposed section of the unit is designated as the type section or type 
locality (see Definitions). The type section is an important reference section for a named geologic 
unit which presents a relatively complete and representative profile. The type or reference section is 
important both historically and scientifically, and should be available for other researchers to 
evaluate in the future. Therefore, this inventory of geologic type sections in NPS areas is an 
important effort in documenting these locations in order that NPS staff recognize and protect these 
areas for future studies. 

The documentation of all geologic type sections throughout the 423 units of the NPS is an ambitious 
undertaking. The strategy for this project is to select a subset of parks to begin research for the 
occurrence of geologic type sections within particular parks. The focus adopted for completing the 
baseline inventories throughout the NPS was centered on the 32 inventory and monitoring networks 
(I&M) established during the late 1990s. The I&M networks are clusters of parks within a defined 
geographic area based on the ecoregions of North America (Fenneman 1946; Bailey 1976; Omernik 
1987). These networks share similar physical resources (geology, hydrology, climate), biological 
resources (flora, fauna), and ecological characteristics. Specialists familiar with the resources and 
ecological parameters of the network, and associated parks, work with park staff to support network 
level activities (inventory, monitoring, research, data management). 

Adopting a network-based approach to inventories worked well when the NPS undertook 
paleontological resource inventories for the 32 I&M networks. The network approach is also being 
applied to the inventory for the geologic type sections in the NPS. The planning team from the NPS 
Geologic Resources Division who proposed and designed this inventory selected the Greater 
Yellowstone Inventory and Monitoring Network (GRYN) as the pilot network for initiating this 
project. Through the research undertaken to identify the geologic type sections within the parks of 
the GRYN methodologies for data mining and reporting on these resources was established. 
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Methodologies and reporting adopted for the GRYN have been used in the development of this type 
section inventory for the Northern Colorado Plateau Inventory & Monitoring Network. 

The goal of this project is to consolidate information pertaining to geologic type sections which occur 
within NPS-administered areas, in order that this information is available throughout the NPS to 
inform park managers and to promote the preservation and protection of these important geologic 
landmarks and geologic heritage resources. The review of stratotype occurrences for the NCPN 
shows there are currently no designated stratotypes for ARCH, BLCA, BRCA, CARE, CEBR, 
COLM, GOSP, HOVE, NABR, PISP, and TICA; CANY has one type section; CURE has two type 
localities; DINO has one type section; FOBU has two type sections; and ZION has two type sections, 
one reference section, and one type locality. 

This report concludes with a recommendation section that addresses outstanding issues and future 
steps regarding park unit stratotypes. These recommendations will hopefully guide decision-making 
and help ensure that these geoheritage resources are properly protected and that proposed park 
activities or development will not adversely impact the stability and condition of these geologic 
exposures. 
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Introduction 
The NPS Geologic Type Section Inventory Project (“Stratotype Inventory Project”) is a continuation 
of and complements the work performed by the Geologic Resources Inventory (GRI). The GRI is 
funded by the NPS Inventory and Monitoring Program and administered by the Geologic Resources 
Division (GRD). The GRI is designed to compile and present baseline geologic resource information 
available to park managers, and advance science-informed management of natural resources in the 
national parks. The goals of the GRI team are to increase understanding and appreciation of the 
geologic features and processes in parks and provide robust geologic information for use in park 
planning, decision making, public education, and resource stewardship. 

Documentation of stratotypes (i.e., type sections/type localities/type areas) that occur within national 
park boundaries represents a significant component of a geologic resource inventory, as these 
designations serve as the standard for defining and recognizing geologic units (North American 
Commission on Stratigraphic Nomenclature 2005). The importance of stratotypes lies in the fact that 
they store information, represent important comparative sites where knowledge can be built up or 
reexamined, and can serve as teaching sites for students (Brocx et al. 2019). The geoheritage 
significance of stratotypes is analogous to that of libraries and museums, in that they are natural 
reservoirs of Earth history spanning ~4.5 billion years and record the prodigious forces and evolving 
life forms that define our planet and our understanding as a contributing species. 

The goals of this project are to systematically report the assigned stratotypes that occur within 
national park boundaries, provide detailed descriptions of the stratotype exposures and their 
locations, and reference the stratotype assignments from published literature. It is important to note 
that this project cannot verify a stratotype for a geologic unit if one has not been formally assigned 
and/or published. Additionally, numerous stratotypes are located geographically outside of national 
park boundaries, but only those within 48 km (30 mi) of park boundaries will be presented in this 
report. 

This geologic type section inventory for the parks of the Northern Colorado Plateau Inventory & 
Monitoring Network (NCPN) follows standard practices, methodologies, and organization of 
information introduced in the Greater Yellowstone I&M Network type section inventory (Henderson 
et al. 2020). All network-specific reports are prepared, peer-reviewed, and submitted to the Natural 
Resources Stewardship and Science Publications Office for finalization. A small team of geologists 
and paleontologists from the NPS Geologic Resources Division and the NPS Paleontology Program 
have stepped up to undertake this important inventory for the NPS. 

This inventory fills a current void in basic geologic information not currently compiled by the NPS 
either at most parks or at the servicewide level. This inventory requires some intensive and strategic 
data mining activities to determine instances where geologic type sections occur within NPS areas. 
Sometimes the lack of specific locality or other data presents limitations in determining if a particular 
type section is geographically located within or outside NPS administered boundaries. Below are the 
primary considerations warranting this inventory of NPS geologic type sections. 
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• Geologic type sections are a part of our national geologic heritage and are a cornerstone of 
the scientific value used to define the societal significance of geoheritage sites 
(https://www.nps.gov/articles/scientific-value.htm); 

• Geologic type sections are important geologic landmarks and reference locations which 
define important scientific information associated with geologic strata. Geologic formations 
are commonly named after geologic features and landmarks that are recognizable to park 
staff; 

• Geologic type sections are both historically and scientifically important components of earth 
sciences and mapping; 

• Understanding and interpretation of the geologic record is largely dependent upon the 
stratigraphic occurrences of mappable lithologic units (formations, members). These geologic 
units are the foundational attributes of geologic maps; 

• Geologic maps are important tools for science, resource management, land use planning, and 
other areas and disciplines; 

• Geologic type sections are similar in nature to type specimens in biology and paleontology, 
serving as a “gold standard” which help to define characteristics used in classification; 

• The documentation of geologic type sections in NPS areas has not been previously 
inventoried and there is a general absence of baseline information for this geologic resource 
category; 

• In general, NPS staff in parks are not aware of the concept of geologic type sections and 
therefore may not understand the significance or occurrence of these natural landmarks in 
parks; 

• Given the importance of geologic type sections as geologic landmarks and geologic heritage 
resources, these locations should be afforded some level of preservation or protection when 
they occur within NPS areas; 

• If NPS staff are unaware of geologic type sections within parks, the NPS would not 
proactively monitor the stability, condition, or potential impacts to these locations during 
normal park operations or planning. The lack of baseline information pertaining to the 
geologic type sections in parks would limit the protection of these localities from activities 
which may involve ground disturbance or construction. Therefore, considerations need to be 
addressed about how the NPS may preserve geologic type sections and better inform NPS 
staff about their existence in the park. 

• There may be an important conversation that needs to be addressed regarding whether or not 
geologic type sections rise to the level of national register documentation. The NPS should 
consider if any other legal authorities (e.g., National Historic Preservation Act), policy, or 
other safeguards currently in place can help protect geologic type sections which are 
established on NPS administered lands. Through this inventory, the associated report, and 
close communication with park and I&M Network staff, the hope is there will be an 
increased awareness about these important geologic landmarks in parks. In turn, the 

https://www.nps.gov/articles/scientific-value.htm
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awareness of these resources and their significance may be recognized in park planning and 
operations, to ensure that geologic type sections are preserved and available for future study. 
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Geology and Stratigraphy of the Northern Colorado Plateau 
I&M Network Parks 
The Northern Colorado Plateau Inventory & Monitoring Network (NCPN) consists of 16 national 
park units in western Colorado, Utah, and southwestern Wyoming, including: Arches National Park 
(ARCH), Black Canyon of the Gunnison National Park (BLCA), Bryce Canyon National Park 
(BRCA), Canyonlands National Park (CANY), Capitol Reef National Park (CARE), Cedar Breaks 
National Monument (CEBR), Colorado National Monument (COLM), Curecanti National Recreation 
Area (CURE), Dinosaur National Monument (DINO), Fossil Butte National Monument (FOBU), 
Golden Spike National Historical Park (GOSP), Hovenweep National Monument (HOVE), Natural 
Bridges National Monument (NABR), Pipe Spring National Monument (PISP), Timpanogos Cave 
National Monument (TICA), and Zion National Park (ZION) (Figure 1). 

All but three NCPN units are found within the Colorado Plateau Physiographic Province. TICA is 
located in the Middle Rocky Mountains Province, FOBU in the Wyoming Basin Province, and 
GOSP in the Basin and Range Province. Many of the parks in the NCPN represent iconic geologic 
landscapes influenced by the geomorphic features and structural geology. The geologic history 
preserved in the rocks date back to the Paleoproterozoic and span through the Phanerozoic (see 
Appendix B for a geologic time scale). The parks preserve an extraordinary fossil record including 
Triassic and Jurassic footprints, the Jurassic Morrison Formation dinosaurs of DINO, and paleofauna 
from the Eocene lakes of the Green River Formation at FOBU (Santucci and Kirkland 2010; Tweet 
et al. 2012). Throughout the network parks the elevation ranges from 1,112 m (3,648 ft) in ZION at 
the edge of the Mojave Desert, to 3,247 m (10,653 ft) at CEBR (Evenden et al. 2002). 
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Figure 1. Map of Northern Colorado Plateau Network parks, including: Arches National Park (ARCH), 
Black Canyon of the Gunnison National Park (BLCA), Bryce Canyon National Park (BRCA), Canyonlands 
National Park (CANY), Capitol Reef National Park (CARE), Cedar Breaks National Monument (CEBR), 
Colorado National Monument (COLM), Curecanti National Recreation Area (CURE), Dinosaur National 
Monument (DINO), Fossil Butte National Monument (FOBU), Golden Spike National Historical Park 
(GOSP), Hovenweep National Monument (HOVE), Natural Bridges National Monument (NABR), Pipe 
Spring National Monument (PISP), Timpanogos Cave National Monument (TICA), and Zion National Park 
(ZION) (NPS). 

Precambrian 
Precambrian rocks are mapped in all the NCPN parks in Colorado along with TICA in Utah. The 
oldest rocks in the network are Paleoproterozoic igneous and metamorphic rocks within BLCA, 
COLM, and CURE. Mesoproterozoic igneous dikes also occur at BLCA, COLM, and CURE. 
Neoproterozoic rocks are exposed at DINO and TICA. 
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Paleozoic 
Ten of the NCPN parks preserve rocks from the Paleozoic. DINO has the most extensive record of 
Paleozoic strata with all periods documented with the exception of the Silurian. The oldest known 
Paleozoic rocks in the NCPN parks belong to the early to middle Cambrian Tintic Quartzite, found at 
TICA. Cambrian strata are mapped at DINO and TICA and crystalline Cambrian rocks are known at 
BLCA and CURE. Ordovician rocks are also exposed in BLCA, CURE, and DINO. The Devonian is 
only known to occur at DINO and TICA. 

Mississippian-age rocks are documented in DINO and TICA. Pennsylvanian units are mapped in 
ARCH, CANY, DINO and GOSP. The end of the Paleozoic is represented by Permian rocks exposed 
in ARCH, CANY, CARE, DINO, NABR, and ZION. 

Mesozoic 
Triassic rocks are mapped in nine of the parks in the NCPN: ARCH, CANY, CARE, COLM, DINO, 
FOBU, NABR, PISP, and ZION. The Moenkopi (Early–Middle Triassic in age) and Chinle (Late 
Triassic) Formations are widespread on the Colorado Plateau and are documented in most of these 
parks. The laterally equivalent Moenave Formation and Wingate Sandstone cross the Triassic–
Jurassic boundary. 

The Jurassic is represented in ten of the NCPN parks: ARCH, BLCA, CANY, CARE, COLM, 
CURE, DINO, HOVE, PISP, and ZION. The most widespread Jurassic formations in the parks of the 
NCPN network are the Wingate Sandstone (Late Triassic–Early Jurassic; laterally equivalent 
Moenave Formation at ZION), Kayenta Formation (Early Jurassic), Navajo Sandstone (Early 
Jurassic), and Morrison Formation (Late Jurassic). These geologic units represent important 
fossiliferous strata preserving dinosaurs and other ancient animals and plants, as well as trace fossils 
(tracks). 

Cretaceous rocks are exposed in ten of the NCPN parks: ARCH, BLCA, BRCA, CARE, CEBR, 
COLM, CURE, DINO, HOVE, and ZION. The most widespread Cretaceous formations in the NCPN 
parks are the Cedar Mountain Formation (Early Cretaceous), Naturita Formation (formerly known as 
the Dakota Sandstone in Colorado and Utah; see Carpenter 2014) (Early–Late Cretaceous), and the 
Mancos Shale (Late Cretaceous). 

Cenozoic 
Rocks of Paleocene–Eocene age are mapped at BRCA, CEBR, and FOBU. Eocene Green River 
stream gravels have been noted within ARCH and are thought to have been carried by streams from 
the Book Cliffs to the north. Oligocene exposures occur within CEBR, CURE and DINO. Miocene 
strata are mapped in CEBR and DINO, and possibly within BRCA. The Pliocene is represented by 
igneous rocks in CARE and possibly by poorly dated alluvial deposits in BRCA. 
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National Park Service Geologic Resource Inventory 
The Geologic Resources Inventory (GRI) provides digital geologic map data and pertinent geologic 
information on park-specific features, issues, and processes to support resource management and 
science-informed decision-making in more than 270 natural resource parks throughout the National 
Park System. The GRI is one of 12 inventories funded by the National Park Service (NPS) Inventory 
and Monitoring Program. The Geologic Resources Division (GRD) of the NPS Natural Resource 
Stewardship and Science Directorate administers the GRI. The GRI team consists of a partnership 
between the GRD and the Colorado State University Department of Geosciences to produce GRI 
products. 

GRI Products 
The GRI team undertakes three tasks for each park in the Inventory and Monitoring program: (1) 
conduct a scoping meeting and provide a summary document, (2) provide digital geologic map data 
in a geographic information system (GIS) format, and (3) provide a GRI report. These products are 
designed and written for non-geoscientists. 

Scoping meetings bring together park staff and geologic experts to review and assess available 
geologic maps, develop a geologic mapping plan, and discuss geologic features, processes, and 
resource management issues that should be addressed in the GRI report. Scoping sessions were held 
on the following dates for the NCPN parks: COLM on June 23–24, 1998; BLCA and CURE on 
August 25–26, 1998; DINO on September 10–12, 1998; ZION on April 12–13, 1999; TICA on May 
10–11, 1999; ARCH, CANY, and NABR on May 24–27, 1999; HOVE on May 24–27, 1999 and 
September 5–6, 2000; GOSP on June 14–15, 1999; BRCA and CEBR on July 12–15, 1999; PISP on 
June 28, 2001; and FOBU on May 23, 2002. 

Following the scoping meeting, the GRI map team converts the geologic maps identified in the 
mapping plan to GIS data in accordance with the GRI data model. After the map is completed, the 
GRI report team uses these data, as well as the scoping summary and additional research, to prepare 
the GRI report. As of 2020, GRI reports have been completed for each park unit of the NCPN. The 
GRI team conducts no new field work in association with their products. 

The compilation and use of natural resource information by park managers is called for in the 1998 
National Parks Omnibus Management Act (§ 204), 2006 National Park Service Management 
Policies, and the Natural Resources Inventory and Monitoring Guideline (NPS-75). Additional 
information regarding the GRI, including contact information, is available at 
https://www.nps.gov/subjects/geology/gri.htm. 

Geologic Map Data 
A geologic map in GIS format is the principal deliverable of the GRI program. GRI GIS data 
produced for the NCPN parks follows the selected source maps and includes components such as: 
faults, mine area features, mine point features, geologic contacts, geologic units (bedrock, surficial, 
glacial), geologic line features, structure contours, and so forth. These are commonly acceptable 
geologic features to include in a geologic map. 

https://www.nps.gov/subjects/geology/gri.htm


 

10 
 

Posters display the data over imagery of the park and surrounding area. Complete GIS data are 
available at the GRI publications website: https://www.nps.gov/subjects/geology/geologic-resources-
inventory-products.htm. 

Geologic Maps 
A geologic map is the fundamental tool for depicting the geology of an area. Geologic maps are two-
dimensional representations of the three-dimensional geometry of rock and sediment at, or beneath 
the land surface (Evans 2016). Colors and symbols on geologic maps correspond to geologic map 
units. The unit symbols consist of an uppercase letter indicating the geologic age and lowercase 
letters indicating the formation’s name. Other symbols depict structures such as faults or folds, 
locations of past geologic hazards that may be susceptible to future activity, and other geologic 
features. Anthropogenic features such as mines or quarries, as well as observation or collection 
locations, may be indicated on geologic maps. The American Geosciences Institute website 
(https://www.americangeosciences.org/environment/publications/mapping) provides more 
information about geologic maps and their uses. 

Geologic maps are typically one of two types: surficial or bedrock. Surficial geologic maps typically 
encompass deposits that are unconsolidated and which formed during the past 2.6 million years (the 
Quaternary Period). Surficial map units are differentiated by geologic process or depositional 
environment. Bedrock geologic maps encompass older, typically more consolidated sedimentary, 
metamorphic, and/or igneous rocks. Bedrock map units are differentiated based on age and/or rock 
type. GRI has produced various maps for the NCPN parks. 

Source Maps 
The GRI team does not conduct original geologic mapping. The team digitizes paper maps and 
compiles and converts digital data to conform to the GRI GIS data model. The GRI GIS dataset 
includes essential elements of the source maps such as map unit descriptions, a correlation chart of 
units, a map legend, map notes, cross sections, figures, and references. These items are typically 
included in a master geology document (PDF) for a specific park. The GRI team uses a unique 
“GMAP ID” value for each geologic source map, and all sources used to produce the GRI GIS 
datasets for the NCPN parks can be found in Appendix A. 

GRI GIS Data 
The GRI team standardizes map deliverables by using a data model. The most recent GRI GIS data 
for BLCA, CURE, and HOVE was compiled using data model version 2.3, which is available at 
https://www.nps.gov/articles/gri-geodatabase-model.htm; the data for ARCH, BRCA, CANY, 
CEBR, COLM, DINO, FOBU, GOSP, NABR, PISP, TICA, and ZION are based on older data 
models and need to be upgraded to the most recent version. This data model dictates GIS data 
structure, including layer architecture, feature attribution, and relationships within ESRI ArcGIS 
software. The GRI website (https://www.nps.gov/subjects/geology/gri.htm) provides more 
information about the program’s products. 

GRI GIS data are available on the GRI publications website 
(https://www.nps.gov/subjects/geology/geologic-resources-inventory-products.htm) and through the 

https://www.nps.gov/subjects/geology/geologic-resources-inventory-products.htm
https://www.nps.gov/subjects/geology/geologic-resources-inventory-products.htm
https://www.americangeosciences.org/environment/publications/mapping
https://www.nps.gov/articles/gri-geodatabase-model.htm
https://www.nps.gov/subjects/geology/gri.htm
https://www.nps.gov/subjects/geology/geologic-resources-inventory-products.htm
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NPS Integrated Resource Management Applications (IRMA) Data Store portal 
(https://irma.nps.gov/DataStore/Search/Quick). Enter “GRI” as the search text and select ARCH, 
BLCA, BRCA, CANY, CARE, CEBR, COLM, CURE, DINO, FOBU, GOSP, HOVE, NABR, PISP, 
TICA, or ZION from the unit list. 

The following components are part of the dataset: 

• A GIS readme file that describes the GRI data formats, naming conventions, extraction 
instructions, use constraints, and contact information; 

• Data in ESRI geodatabase GIS format; 

• Layer files with feature symbology; 

• Federal Geographic Data Committee (FGDC)-compliant metadata; 

• An ancillary map information document that contains information captured from source maps 
such as map unit descriptions, geologic unit correlation tables, legends, cross-sections, and 
figures; 

• ESRI map documents that display the GRI GIS data; and 

• A version of the data viewable in Google Earth (.kml / .kmz file) 

GRI Map Posters 
Posters of the GRI GIS draped over shaded relief images of the park and surrounding area are 
included in GRI reports. Not all GIS feature classes are included on the posters. Geographic 
information and selected park features have been added to the posters. Digital elevation data and 
added geographic information are not included in the GRI GIS data, but are available online from a 
variety of sources. Contact GRI for assistance locating these data. 

Use Constraints 
Graphic and written information provided in this report is not a substitute for site-specific 
investigations. Ground-disturbing activities should neither be permitted nor denied based upon the 
information provided. Please contact GRI with any questions. 

Minor inaccuracies may exist regarding the locations of geologic features relative to other geologic 
or geographic features on the posters. Based on the source map scales (1:100,000, 1:62,500, and 
1:24,000) and US National Map Accuracy Standards, geologic features represented in the geologic 
map data are expected to be horizontally within 51 m (167 ft), 32 m (104 ft), and 12 m (40 ft), 
respectively, of their true locations. 

https://irma.nps.gov/DataStore/Search/Quick
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Methods 
This section of the report presents the methods employed and definitions adopted during this 
inventory of geologic type sections located within the administrative boundaries of the parks in the 
NCPN. This report is part of a more extensive inventory of geologic type sections throughout the 
National Park System. Therefore, the methods, definitions, and challenges identified here pertain not 
only to the parks of the NCPN, but also to other inventory and monitoring networks and parks. 

There are a number of considerations to be addressed throughout this inventory. The most up-to-date 
information available is necessary, either found online or in published articles and maps. 
Occasionally, there is a lack of specific information that limits the information contained in the final 
report. This inventory does not include any field work and is dependent on the existing information 
related to individual park geology and stratigraphy. Additionally, this inventory does not attempt to 
resolve any unresolved or controversial stratigraphic interpretations, which is beyond the scope of the 
project. 

Stratigraphic nomenclature may change over time with refined stratigraphic field assessments and 
discovery of information through the expansion of stratigraphic mapping and measured sections. One 
important observation regarding stratigraphic nomenclature relates to differences in use of geologic 
names for units that transcend state boundaries. Geologic formations and other units that cross state 
boundaries are sometimes identified by different names in each of the states where the units are 
mapped. An example specific to NCPN would be the Cretaceous Burro Canyon Formation in 
Colorado and Cedar Mountain Formation in Utah. 

The lack of a designated and formal type section, or inadequate and vague geospatial information 
associated with a type section, limits the ability to capture precise information for this inventory. The 
available information related to the geologic type sections is included in this report. 

Finally, it is worth noting that this inventory report is intended for a wide audience, including NPS 
staff who might not have a background in geology. Therefore, this document has been developed as a 
reference document that supports science, resource management, and a historic framework for 
geologic information associated with NPS areas. 

Methodology 
The process of determining whether a specific stratotype occurs in an NPS area involves multiple 
steps. The process begins with an evaluation of the existing park-specific GRI map to prepare a full 
list of recognized map units (Figure 2). 
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Figure 2. Screenshot of digital bedrock geologic map of Arches National Park showing mapped units. 
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Each map unit name is then queried in the U.S. Geologic Names Lexicon online database 
(“GEOLEX”, a national compilation of names and descriptions of geologic units) at 
https://ngmdb.usgs.gov/Geolex/search. Information provided by GEOLEX includes unit name, 
stratigraphic nomenclature usage, geologic age, published stratotype location descriptions, and the 
database provides a link to significant publications as well as the USGS Geologic Names Committee 
Archives (Wilmarth 1938; Keroher et al. 1966). Figure 3 below is taken from a search on the Fossil 
Butte Member of the Green River Formation. 

 
Figure 3. GEOLEX search result for the Fossil Butte Member. 

Published GEOLEX stratotype spatial information is provided in three formats: (1) descriptive, using 
distance from nearby points of interest; (2) latitude and longitude coordinates; or (3) 
Township/Range/Section (TRS) coordinates. TRS coordinates are based on subdivisions of a single 

https://ngmdb.usgs.gov/Geolex/search
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93.2 km2 (36 mi2) township into 36 individual 2.59 km2 (1 mi2) sections, and were converted into 
Google Earth (.kmz file) locations using Earth Point 
(https://www.earthpoint.us/TownshipsSearchByDescription.aspx). The most accurate GEOLEX 
descriptions using TRS coordinates can help locate features within 0.1618 km2 (0.0625 mi2). Once 
stratotype locality information provided for a given unit is geolocated using Google Earth, a GRI 
digital geologic map of the national park is draped over it. This step serves two functions: to improve 
accuracy in locating the stratotype, and validating the geologic polygon for agreement with 
GEOLEX nomenclature. Geolocations in Google Earth are then converted into an ArcGIS format 
using a “KML to Layer” conversion tool in ArcMap. 

After this, a Microsoft Excel spreadsheet is populated with information pertinent to the geologic unit 
and its stratotype attributes. Attribute data recorded in this way include: (1) is a stratotype officially 
designated; (2) is the stratotype on NPS land; (3) has it undergone a quality control check in Google 
Earth; (4) reference of the publication citing the stratotype; (5) description of geospatial information; 
(6) coordinates of geospatial information; (7) geologic age (era, period, epoch, etc.); (8) hierarchy of 
nomenclature (supergroup, group, formation, member, bed, etc.); (9) was the geologic unit found in 
GEOLEX; and (10) a generic notes field (Figure 4). 

https://www.earthpoint.us/TownshipsSearchByDescription.aspx
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Figure 4. Stratotype inventory spreadsheet of the NCPN displaying attributes appropriate for geolocation assessment. 
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Definitions 
In order to clarify, standardize, and consistently reference stratigraphic concepts, principles, and 
definitions, the North American Stratigraphic Code is recognized and adopted for this inventory. This 
code seeks to describe explicit practices for classifying and naming all formally defined geologic 
units. An important designation for a geologic unit is known as a stratotype—the standard (original 
or subsequently designated) for a named geologic unit or boundary and constitutes the basis for 
definition or recognition of that unit or boundary (North American Commission on Stratigraphic 
Nomenclature 2005). There are several variations of stratotype referred to in the literature and this 
report, and they are defined as following: 

1) Unit stratotype: the type section for a stratified deposit or the type area for a non-stratified body 
that serves as the standard for recognition and definition of a geologic unit (North American 
Commission on Stratigraphic Nomenclature 2005). Once a unit stratotype is assigned, it is never 
changed. The term “unit stratotype” is commonly referred to as “type section” and “type area” in 
this report. 

2) Type locality: the specific geographic locality encompassing the unit stratotype of a formally 
recognized and defined unit. On a broader scale, a type area is the geographic territory 
encompassing the type locality. Before development of the stratotype concept, only type 
localities and type areas were designated for many geologic units that are now long- and well-
established (North American Commission on Stratigraphic Nomenclature 2005). 

3) Reference sections: for well-established geologic units for which a type section was never 
assigned, a reference section may serve as an invaluable standard in definitions or revisions. A 
principal reference section may also be designated for units whose stratotypes have been 
destroyed, covered, or are otherwise inaccessible (North American Commission on Stratigraphic 
Nomenclature 2005). Multiple reference sections can be designated for a single unit to help 
illustrate heterogeneity or some critical feature not found in the stratotype. Reference sections 
can help supplement unit stratotypes in the case where the stratotype proves inadequate (North 
American Commission on Stratigraphic Nomenclature 2005). 

4) Lithodeme: the term “lithodeme” is defined as a mappable unit of plutonic and highly 
metamorphosed or pervasively deformed rock and is a term equivalent in rank to “formation” 
among stratified rocks (North American Commission on Stratigraphic Nomenclature 2005). The 
formal name of a lithodeme consists of a geographic name followed by a descriptive term that 
denotes the average modal composition of the rock (example: Cathedral Peak Granodiorite). 
Lithodemes are commonly assigned type localities, type areas, and reference localities.
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Arches National Park (ARCH) 
Arches National Park (ARCH) is located in Grand County, southeastern Utah. It was originally 
established as a national monument on April 12, 1929 and re-designated a national park on 
November 12, 1971. ARCH is part of a much larger geological feature called the Colorado Plateau 
Province. Encompassing parts of Arizona, Colorado, New Mexico, and Utah, the Colorado Plateau is 
a region represented by high plateaus, deep narrow canyons, broad uplands, and large, elliptical 
sedimentary basins. ARCH contains approximately 31,031 hectares (76,679 acres) of land (Figure 5) 
that preserve more than 2,000 rock arches, the greatest concentration in the world. The park is also 
home to a remarkable collection of trace fossils, vertebrate fossils (dinosaurs), balanced rocks, rock 
pinnacles, petrified dune fields, salt dissolution structures, folds resulting from salt tectonics, and a 
maze of deep, narrow canyons (Graham 2004; Anderson 2017). 

The arches and many of the unique geological features of ARCH are associated with northwest-
southeast trending folds and normal faults associated with the growth of salt (evaporite) structures 
and the subsequent dissolution of the salt (Graham 2004). These Pennsylvanian-age salt deposits 
formed when the region was covered by a shallow sea and are responsible for the fins and prominent 
salt-cored anticlines in ARCH. Mesozoic sedimentary strata are the most prominently exposed rocks 
in the park (Figure 6). Arches form primarily in the Jurassic Entrada Sandstone, deposited about 158 
million years ago in a vast, coastal desert. The arches formed in the last million years (probably 
within the last roughly hundred thousand years though little analytical age data exists) in the 
hardened sandstone due to continuous weathering and erosion, emphasizing the role that water and 
wind play in a semi-arid climate. 

As of the writing of this paper, there are no designated stratotypes identified within the boundaries of 
ARCH. A list of stratotypes located within 48 km (30 mi) of park boundaries is included here for 
reference. These nearby stratotypes include the Jurassic Moab Tongue of the Entrada Sandstone 
(type section; member now assigned to the Curtis Formation), Dewey Bridge Member of the Entrada 
Sandstone (type section; member now assigned to the Carmel Formation), and Salt Wash Member of 
the Morrison Formation (type section); and the Cretaceous Sego Sandstone (type section). 
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Figure 5. Park map of ARCH, Utah (NPS). 
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Figure 6. Geologic map of ARCH, Utah. 
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Black Canyon of the Gunnison National Park (BLCA) 
Black Canyon of the Gunnison National Park (BLCA) is located in west-central Colorado in 
Montrose County, situated between the southern Rocky Mountains to the east and the Colorado 
Plateau to the west (Figure 7). BLCA was originally proclaimed a national monument March 2, 1933 
and re-designated a national park on October 21, 1999 (Anderson 2017). The park encompasses 
12,444 hectares (30,750 acres) and displays complex geologic features that include broad, flat-topped 
mesas, sharp ridges, and spectacular canyons. The unique and spectacular landscape of BLCA was 
sculpted slowly over the past 2 million years by the action of water and rock scouring down through 
hard Precambrian metamorphic and igneous bedrock. Few other canyons in the world combine the 
narrow, sheer walls, and startling depths offered by BLCA. The park’s namesake is the dominant 
feature of the landscape; the canyon is so deep and narrow that little sunlight reaches the bottom, 
making the walls look black (Thornberry-Ehrlich 2005a). 

The geology of BLCA and neighboring Curecanti National Recreation Area (CURE) includes rocks 
that are Precambrian, Jurassic, Cretaceous, and Cenozoic in age and record the coming and going of 
oceans, the blowing of desert sands, and the passing of lakes and rivers (Figure 8). Mesas are topped 
with layers of Cenozoic volcanics and the depths of the Black Canyon are walled with hard, 
crystalline Precambrian rocks (Thornberry-Ehrlich 2005a). Slumps, rockslides, and block falls 
blanket the bottom of the canyon with recent, unconsolidated sediments. Over millions of years many 
geologic processes acted to carve the precipitous depths of the Black Canyon. The most obvious 
erosive forces today include the turbidity of the river carrying mud and debris, occasional rockfalls 
from high cliffs, and the relentless movement of landslides down into the canyon (Thornberry-
Ehrlich 2005a). Volcanic evidence suggests that the Hinsdale Formation is one of the youngest 
geologic units to clearly predate the canyon. The age of these rocks is generally regarded as Pliocene 
(approximately 5.3 to 2.6 million years ago), a testament to the relatively young age of the Black 
Canyon (Thornberry-Ehrlich 2005a). 

As of the writing of this paper, there are no designated stratotypes identified within the boundaries of 
BLCA. A list of stratotypes located within 48 km (30 mi) of park boundaries is included here for 
reference. These nearby stratotypes include the Precambrian Pitts Meadow Granodiorite (type area); 
Jurassic Tidwell Member of the Morrison Formation (reference section) and Wanakah Formation 
(reference section); Cretaceous Cimarron Ridge Formation (type area); and the Oligocene Blue Mesa 
Tuff (type locality), Sapinero Mesa Tuff (type locality), and Carpenter Ridge Tuff (type area). 
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Figure 7. Park map of BLCA, Colorado (NPS). 



 

25 
 

 
Figure 8. Geologic map of BLCA, Colorado. 
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Bryce Canyon National Park (BRCA) 
Bryce Canyon National Park (BRCA) is located along the edge of the high plateau country in south-
central Utah in Kane and Garfield Counties (Figure 9). BRCA encompasses approximately 14,502 
hectares (35,835 acres) of brightly colored and picturesque pinnacles, walls, fins, canyons, alcoves, 
windows, bridges, and spires that stand in horseshoe-shaped amphitheaters. Originally proclaimed a 
national monument June 8, 1923 and re-designated Utah National Park June 7, 1924, the park was 
renamed Bryce Canyon National Park February 25, 1928 (Anderson 2017). The park features the 
largest collection of geologic features known as “hoodoos” in the world, which attract millions of 
visitors every year. 

Geologic exposures in BRCA consist primarily of Cretaceous and Cenozoic rocks (Figure 10). The 
stratigraphy of the park is on striking display due to the dramatic erosion of the Paria and Sevier 
Rivers and records clues to past environments that include ancient oceans, deserts, lakes, and rivers 
(Thornberry-Ehrlich 2005b). The oldest rocks of BRCA belong to the Cretaceous Naturita (formerly 
the Dakota Sandstone) Formation. These are followed by the Late Cretaceous Tropic Shale, Straight 
Cliffs Formation, Wahweap Formation, and Kaiparowits Formation. The youngest rocks of the park 
are represented by the Paleogene Claron Formation and overlying Conglomerate at Boat Mesa, as 
well as Quaternary deposits left from the Pleistocene glaciation. The fantastic geologic features of 
BRCA, including the hoodoos and amphitheaters, are found in the Claron Formation and the 
Conglomerate at Boat Mesa, which were deposited, uplifted, and continuously sculpted by ice and 
rain. 

As of the writing of this paper, there are no designated stratotypes identified within the boundaries of 
BRCA. A list of stratotypes located within 48 km (30 mi) of park boundaries is included here for 
reference. These nearby stratotypes include the Permian Kaibab Limestone (type locality); Triassic 
Shinarump Member of the Chinle Formation (type locality); Jurassic Carmel Formation (reference 
section), Paria River Member of the Carmel Formation (type section), and Windsor Member of the 
Carmel Formation (type section); Cretaceous Kaiparowits Formation (type area) and Straight Cliffs 
Formation (type locality); and the Miocene Markagunt Megabreccia (type section). 
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Figure 9. Park map of BRCA, Utah (NPS). 
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Figure 10. Geologic map of BRCA, Utah. 
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Canyonlands National Park (CANY) 
Canyonlands National Park (CANY) is located in the heart of the Colorado Plateau in Garfield, 
Grand, San Juan, and Wayne Counties, Utah (Figure 11). The Colorado Plateau Province is a high-
standing crustal block surrounded by highly deformed strata of the Rocky Mountains and Basin and 
Range and contains sparsely vegetated plateaus, barren badlands, mesas, and deep canyons. CANY 
was established on September 12, 1964 and is a geological wonderland that preserves 136,621 
hectares (337,598 acres) of colorful canyons, arches, buttes, fins, mesas and spires (Anderson 2017). 
Excellent examples of salt anticlines and salt domes can be observed at CANY. American Indian 
rock art and structures decorate the landscape and record early human history. The numerous 
canyons and buttes of the park were sculpted by the Colorado and Green Rivers and their tributaries. 
CANY is divided into four districts by the Green and Colorado Rivers, each sharing a primitive 
desert atmosphere but with distinct character and opportunities for exploration and adventure. 

The geology of CANY records a remarkable history of deposition, uplift, and millions of years of 
erosion to produce the rugged landscape seen today. Sediments shed from distant mountain ranges 
such as the ancestral Rocky Mountains and even the Appalachian Mountains were transported into 
the region and laid the foundation for future modification (KellerLynn 2005). At least 50 million 
years ago, the uplift of the Colorado Plateau would expose these older strata to erosion; the Colorado 
River has eroded and sculpted the uplifted strata over the last 5.5 million years and would help form 
the many geologic features of CANY. Dominant rock exposures within the park include the 
Pennsylvanian Paradox and Honaker Trail Formations, Permian Cutler Formation, Triassic 
Moenkopi and Chinle Formations, the Triassic–Jurassic Wingate Sandstone, and the Jurassic 
Kayenta Formation and Navajo Sandstone (Figure 12). CANY includes one stratotype occurrence: 
the type section for the Pennsylvanian Elephant Canyon Formation (Table 1; Figure 13). 



 

32 
 

 
Figure 11. Park map of CANY, Utah (NPS). 
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Figure 12. Geologic map of CANY, Utah. 
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Table 1. List of CANY stratotype units sorted by age with associated reference publications and locations. 

Unit Name (map symbol) Reference Stratotype Location Age 

Elephant Canyon Formation 
(PNe) Baars 1962 Type section: Elephant Canyon, in secs. 4 and 

9, T30S, R19E, San Juan Co., Utah  Pennsylvanian 

 

The Pennsylvanian Elephant Canyon Formation was named by Baars (1962) to describe marine 
carbonates in the upper Cataract Canyon to San Rafael Swell area of east-central Utah. The type 
section of the unit is located in Elephant Canyon, a tributary of the Colorado River, in sections 4 and 
9, T. 30 S, R. 19 E., San Juan County, Utah (Table 1; Figure 13; Baars 1962). Type section exposures 
are approximately 320 m (1,050 ft) thick and are situated near the confluence of the Green and 
Colorado Rivers, where the formation overlies rocks of Missouri age. Baars (1962) states that the 
type section is divisible into three distinct units that could be used as members: a lower unit of 
interbedded limestone, sandstone, and siltstone; a middle unit of red- to brown- to purple sandstone, 
siltstones, and shales with minor limestone; and an upper unit of interbedded carbonates, red 
siltstones, and light-colored sandstones. The Elephant Canyon Formation is described as a 
heterogeneous sequence of tan- to light gray-brown limestones with abundant chert nodules, white to 
reddish brown, very fine to medium-grained sandstone, red siltstone, and thin beds of anhydrite 
(Baars 1962). 

In addition to the designated stratotypes located within CANY boundaries, a list of stratotypes 
located within 48 km (30 mi) of park boundaries is included here for reference. These nearby 
stratotypes include the Jurassic Brushy Basin Member of the Morrison Formation (type locality), 
Westwater Canyon Member of the Morrison Formation (type section), Salt Wash Member of the 
Morrison Formation (type section), and Tidwell Member of the Morrison Formation (type section). 
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Figure 13. Modified geologic map of CANY showing stratotype locations. The transparency of the geologic units layer has been increased. 
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Capitol Reef National Park (CARE) 
Capitol Reef National Park (CARE) is located within the Colorado Plateau Province in Emery, 
Garfield, Sevier, and Wayne Counties, Utah (Figure 14). CARE was originally established a national 
monument on August 2, 1937 and re-designated a national park December 18, 1971. The name 
Capitol Reef is taken from the white domes of Navajo Sandstone that resemble capitol building 
domes, and for the rugged cliffs which are a barrier to travel, like an ocean reef. The park protects 
and preserves 97,895 hectares (241,904 acres) of spectacular geology that includes towering domes, 
pinnacles, arches, bridges, slot canyons, landslides, and elongated valleys (Graham 2006a). A 
prominent geologic feature of the park is the 160-km (100-mi) long Waterpocket Fold, a monocline 
(step-like fold) featuring colorful sedimentary layers formed by erosion into a labyrinth of cliffs and 
canyons (Anderson 2017). Inspired by the brilliantly colored canyon walls, the Navajo tribe referred 
to the desert landscape of CARE as the Land of the Sleeping Rainbow (Graham 2006a). 

Rocks exposed in CARE record a complex geologic history that spans over 275 million years and 
represents a variety of depositional environments including open marine, nearshore, fluvial, 
lacustrine, and desert (Figure 15). More than 3,000 m (10,000 ft) of sediment was deposited in the 
Capitol Reef area from the Permian (290 million years ago) to the Cretaceous (66 million years ago). 
The entire region of CARE was uplifted and tilted 70–40 million years ago during a period of 
mountain-building called the Laramide Orogeny to produce the famous Waterpocket Fold (Graham 
2006a). Additional uplift of the Colorado Plateau exposed strata to erosive forces that sculpted the 
landscape and formed the inspiring geologic features observed today. 

As of the writing of this paper, there are no designated stratotypes identified within the boundaries of 
CARE. A list of stratotypes located within 48 km (30 mi) of park boundaries is included here for 
reference. These nearby stratotypes include the Triassic Torrey Member of the Moenkopi Formation 
(type section) and Moody Canyon Member of the Moenkopi Formation (type section); Jurassic 
Entrada Sandstone (reference section) and Carmel Formation (reference section); and the Cretaceous 
Straight Cliffs Formation (type locality), Emery Sandstone Member of the Mancos Shale (type area), 
and Masuk Member of the Mancos Shale (type section). 
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Figure 14. Park map of CARE, Utah (NPS). 



 

39 
 

 
Figure 15. Geologic map of CARE, Utah. 
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Cedar Breaks National Monument (CEBR) 
Cedar Breaks National Monument (CEBR) is located in Iron County, southwestern Utah, and 
provides visitors the rare opportunity of standing in the flat-lying Colorado Plateau while viewing a 
panorama of the Basin and Range province (Figure 16; Thornberry-Ehrlich 2006a). CEBR was 
established August 22, 1933 and encompasses approximately 2,491 hectares (6,155 acres) of multi-
colored rock formations that fill a vast geologic amphitheater, creating a spectacular scenic landscape 
that is host to a variety of year-round recreational opportunities (Anderson 2017). Situated at over 
3,048 m (10,000 ft), the cool high elevation weather is ideal for hiking, snowshoeing, cross-county 
skiing, and snowmobiling. CEBR is recognized as an International Dark Sky Park and regularly hosts 
a series of astronomy programs (also known as “star parties”). 

CEBR was established to preserve and protect an amazing collection of geologic features that 
includes hoodoos, spires, fins, pinnacles, arches, canyons, and mazes carved out of colorful 
sandstones, mudstones, and limestones. The geologic exposures of CEBR consist of Cretaceous, 
Paleogene, Neogene, and Quaternary-age rocks (Figure 17). Rock layers are exposed by erosion of 
the uplifted Markagunt Plateau, revealing clues about past environments that include ancient seas, 
violent volcanoes, and a time when Cedar Breaks was a broad low basin that was flooded by a lake 
the size of modern-day Lake Erie. Over millions of years, the multi-colored sedimentary rocks of the 
Paleogene Claron Formation and younger rocks have been uplifted, eroded, and sculpted. Erosive 
forces continue to modify the landscape of CEBR, forcing the retreat of the high plateau rim that 
looks down on the amphitheater below. 

As of the writing of this paper, there are no designated stratotypes identified within the boundaries of 
CEBR. A list of stratotypes located within 48 km (30 mi) of park boundaries is included here for 
reference. These nearby stratotypes include the Jurassic Carmel Formation (type locality), Crystal 
Creek Member of the Carmel Formation (type section), and Co-Op Creek Limestone Member of the 
Carmel Formation (type section); and the Cenozoic Brian Head Formation (type section and 
reference section), Grand Castle Formation (type section), Isom Formation (type locality), Leach 
Canyon Formation (type locality), and Markagunt Megabreccia (type section). 
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Figure 16. Park map of CEBR, Utah (NPS). 
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Figure 17. Geologic map of CEBR, Utah. 
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Colorado National Monument (COLM) 
Colorado National Monument (COLM) is located in Mesa County, west-central Colorado (Figure 
18). The monument is situated along the northeastern flank of a large topographic feature known as 
the Uncompahgre Plateau, a high, relatively flat, elongated uplift that extends from Ridgeway, 
Colorado, northwestward to near Cisco, Utah (KellerLynn 2006). Established May 24, 1911, COLM 
preserves approximately 8,311 hectares (20,536 acres) of one of the grand landscapes of the 
American West. The colorful sheer-walled canyons, towering monoliths, soaring arches, dinosaur 
fossils, trace fossils (tracks), and remains of prehistoric American Indian cultures record a rich 
environmental history of the region. 

Geologic exposures in COLM consist of rocks that are Precambrian and Mesozoic in age (Figure 19). 
Ancient Precambrian crystalline rocks (1.7 billion years old) seen in the monument underlie the 
entire length of the Uncompahgre Plateau. Exposed on the canyon floors are Triassic rocks (210 
million years old) that overlie the ancient basement, marking an unconformity (period of non-
deposition or erosion) in the geologic record of about 1.49 billion years. Mesozoic units of COLM 
include the Triassic Chinle Formation, Triassic–Jurassic Wingate Sandstone, Jurassic Kayenta, 
Entrada, Wanakah, and Morrison Formations, and the Cretaceous Burro Canyon Formation. Many of 
these units reflect past depositional environments including deserts and shallow, non-marine lakes 
(KellerLynn 2006). Approximately 70–40 million years ago, a period of mountain-building called the 
Laramide Orogeny uplifted, folded, and faulted the rock layers, providing most of the modern 
structural framework observed today in COLM. 

As of the writing of this paper, there are no designated stratotypes identified within the boundaries of 
COLM. There are also no reported stratotypes within 48 km (30 mi) of the park. 
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Figure 18. Park map of COLM, Colorado (NPS). 
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Figure 19. Geologic map of COLM, Colorado. 
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Curecanti National Recreation Area (CURE) 
Curecanti National Recreation Area (CURE) is located in west-central Colorado in Gunnison and 
Montrose Counties, between the southern Rocky Mountains to the east and the Colorado Plateau to 
the west (Figure 20). CURE was established February 11, 1965 with the completion of the Blue 
Mesa Dam, and encompasses 17,440 hectares (43,095 acres). The recreation area is a series of three 
reservoirs along the Gunnison River, known as Blue Mesa Lake, Morrow Point Lake, and Crystal 
Lake. Situated high in the Rocky Mountains, the sweeping mesas, deep canyons, and fjord-like lakes 
of CURE are a destination for water-based recreational enthusiasts. Popular activities include salmon 
and trout fishing, hiking boating, camping, and bird watching. 

Rock layers exposed in CURE are like pages in a book, revealing the story of past environments and 
dynamic processes that took place many millions of years ago. The geologic surface in CURE and 
neighboring Black Canyon of the Gunnison National Park consist primarily of Precambrian, Jurassic, 
Cretaceous, and Paleogene-age rocks (Figures 21–22). These rocks record past environments that 
include ancient oceans, deserts, lakes, and rivers, and also contain dinosaur fossils. Over millions of 
years many geologic processes acted to carve the precipitous depths of the Black Canyon. The most 
obvious erosive forces today include the turbidity of the river carrying mud and debris, occasional 
rockfalls from high cliffs, and the relentless movement of landslides down into the canyon 
(Thornberry-Ehrlich 2005a). A notable geologic feature of CURE is the Curecanti Needle, located 
about 7.2 km (4.5 mi) downstream from Blue Mesa Dam near Sapinero, Colorado. This spire-like 
monolith rises nearly 244 m (800 ft) above the Gunnison River, and consists of Precambrian 
Curecanti Quartz Monzonite. The quartz monzonite (an intrusive igneous rock formed mostly of 
feldspar crystals, with a small amount of quartz) is an intrusive igneous unit that is part of the larger 
Berthoud Plutonic Suite and forms an irregularly shaped laccolith (sheet-like intrusion) centered 
around Curecanti Needle. CURE includes two stratotype occurrences: type localities for the 
Precambrian Curecanti Quartz Monzonite and Oligocene Dillon Mesa Tuff (Table 2; Figure 23). 
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Figure 20. Park map of CURE, Colorado (NPS). 



 

51 
 

 
Figure 21. Geologic map of CURE, Colorado. 
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Figure 22. Geologic map legend of CURE, Colorado. 
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Table 2. List of CURE stratotype units sorted by age with associated reference publications and 
locations. 

Unit Name (map symbol) Reference Stratotype Location Age 

Dillon Mesa Tuff (Tdmu) Olson et al. 
1968 

Type locality: exposures on Dillon Mesa, in 
T49N, R4W, northern part of Sapinero and 
Cebolla Quadrangles, Gunnison Co., 
southwestern Colorado 

Oligocene 

Curecanti Quartz Monzonite 
(PCc) Hansen 1964 

Type locality: designated at Curecanti Needle, 
7.2 km (4.5 mi) downstream from Blue Mesa 
dam site near Sapinero, Gunnison Co., 
Colorado 

Precambrian 

 

The Precambrian Curecanti Quartz Monzonite was originally named by Hunter (1925) to describe a 
sub-lenticular (lens-like) intrusive body (or pluton) of quartz monzonite situated in the rugged Black 
Canyon of the Gunnison River. The pluton is roughly centered at Curecanti Needle, approximately 
7.2 km (4.5 mi) downstream from the Blue Mesa Dam near Sapinero, Colorado. The Curecanti 
Needle was designated the Curecanti Quartz Monzonite type locality by Hansen (1964) (Table 2; 
Figures 23–24). The pluton is broadly horizontal and has subparallel contacts with adjacent units 
(Figure 24). The upper contact is well-exposed in many places, particularly between Curecanti Creek 
and the east end of the pluton in the Black Canyon (Figure 25; Hansen 1964). Besides the Curecanti 
Needle, the quartz monzonite is exposed in many smaller bodies in adjacent parks of the Black 
Canyon and is characterized as a light gray- to pink intrusive igneous unit containing sodic oligoclase 
(a feldspar mineral), quartz, and microcline (a feldspar mineral) with minor amounts of muscovite 
and biotite micas (Hansen 1964). Dating using the rubidium–strontium method reported by Tweto 
(1987) indicate an age of 1,392 ± 15 million years. 

The Oligocene Dillon Mesa Tuff was named by Olson et al. (1968) after its type locality exposures 
on Dillon Mesa, located in the northern walls of Black Canyon, CURE (Table 2; Figure 23). The 
exposure distribution for the unit is limited chiefly to those two quadrangles, where the tuff 
stratigraphically occurs between the Blue Mesa Tuff below and the Sapinero Mesa Tuff above. The 
Dillon Mesa Tuff is characterized as consisting of a basal gravel unit overlain by a light-brown 
slightly porphyritic (relatively small percentage of large crystals in a fine-grained groundmass), 
moderately welded ash fall tuff that is locally devitrified (glassy material degraded) with compressed 
glass shards (Olson et al. 1968). Exposures of the Dillon Mesa Tuff are generally less than 24 m (80 
ft), but at some localities such as Pine Creek Mesa can reach thicknesses of 55 m (180 ft) (Olson et 
al. 1968). 

In addition to the designated stratotypes located within CURE boundaries, a list of stratotypes located 
within 48 km (30 mi) of park boundaries is included here for reference. These nearby stratotypes 
include the Precambrian Pitts Meadow Granodiorite (type area); Jurassic Tidwell Member of the 
Morrison Formation (reference section) and Wanakah Formation (reference section); Cretaceous 
Cimarron Ridge Formation (type area); and the Oligocene Blue Mesa Tuff (type locality), Sapinero 
Mesa Tuff (type locality), Carpenter Ridge Tuff (type area), and Fish Canyon Tuff (type locality). 
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Figure 23. Modified geologic map of CURE showing stratotype locations. The transparency of the geologic units layer has been increased. 
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Figure 24. The spire-like monolith Curecanti Needle, designated the type locality of the Curecanti Quartz 
Monzonite, is situated along the Gunnison River in CURE (USGS). 
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Figure 25. Contact relationships of the Curecanti pluton, CURE. Above, downstream view of Black 
Canyon showing roof contact in canyon (left and middle lines) and unconformity (top line) at canyon rim. 
Below, airplane view looking north up the Black Canyon showing the roof, floor, and full thickness of the 
pluton in a single exposure. Figure from Hansen (1964). 
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Dinosaur National Monument (DINO) 
Dinosaur National Monument (DINO) is located on the Colorado–Utah border in Moffat County, 
Colorado and Uintah County, Utah along the southeastern flank of the Uinta Mountains (Figure 26). 
DINO was established October 4, 1915 and expanded to its current boundaries on July 14, 1938. The 
monument encompasses 85,098 hectares (210,282 acres) of spectacular scenery consisting of folded, 
faulted, and uplifted rocks layers, as well as river canyons forged by the Green and Yampa Rivers. 
DINO is an internationally known repository of significant fossil resources and represents one of 
eight national park units established for safeguarding a diversity of exceptional preservation. The 
Dinosaur Quarry Exhibit Hall offers a remarkable window into the Late Jurassic world of dinosaurs 
and has provided a remarkable quantity (>350 tons of excavated material) and quality of dinosaur 
remains, including 11 different types of dinosaurs. The quarry is a not only a remarkable sight for 
dinosaur enthusiasts but also provides scientists new insights into dinosaur behavior and the 
ecosystem in which they thrived (Graham 2006b). 

The geology of DINO consists of 23 exposed rock layers that span 1.2 billion years and constitutes 
one of the most complete stratigraphic columns within the National Park System (Figure 27). 
Stratigraphy of the monument reveals valuable information about extinct ecosystems that include 
ancient seas, plains where dinosaurs called home, to deserts where some of the earliest mammals 
lived. Geologic units of DINO are Precambrian, Paleozoic, Mesozoic and Cenozoic in age, with the 
world-renowned dinosaur specimens primarily found in the Jurassic Morrison Formation (~150 
million years old). Throughout the monument, exposures found in the canyon walls reveal tilted, 
folded, and faulted strata that reflect the immense geologic forces associated with mountain-building 
during the Laramide Orogeny ~70–40 million years ago (Graham 2006b). DINO includes one 
stratotype occurrence: the type section of the Cambrian Lodore Formation (Table 3; Figure 28). 
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Figure 26. Park map of DINO, Colorado–Utah (NPS). 
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Figure 27. Geologic map of DINO, Colorado–Utah. 
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Table 3. List of DINO stratotype units sorted by age with associated reference publications and locations. 

Unit Name (map symbol) Reference Stratotype Location Age 

Lodore Formation (Cl) Kinney 1955 
Type section: Limestone Ridge (formerly 
known as Dunn’s Cliff), Canyon of Lodore 
South 7.5’ Quadrangle, Moffat Co., Colorado 

late Cambrian 

 

The Cambrian Lodore Formation was originally named by John Wesley Powell (1876) to describe 
exposures in Lodore Canyon on the Green River, Moffat County, Colorado. The formation is 
described as consisting of an upper green sandy shale unit with a basal unit of light gray to pink, 
coarse-grained arkosic (feldspar-rich) sandstone that is commonly cross-bedded and contains pink 
feldspar fragments up to 2.5 cm (1 in) in diameter (Kinney 1955). The type section is located at 
Limestone Ridge in DINO, where the formation is 140 m (460 ft) thick and consists of soft sandstone 
and shale with conglomerate at the base (Table 3; Figure 28; Kinney 1955). Untermann and 
Untermann (1949) reported late Cambrian-age fossil fauna from the upper part of the Lodore 
Formation in DINO. 

In addition to the designated stratotypes located within DINO boundaries, a list of stratotypes located 
within 48 km (30 mi) of park boundaries is included here for reference. These nearby stratotypes 
include the Triassic Gartra Member of the Chinle Formation (type section) and Cretaceous Williams 
Fork Formation (type locality). 
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Figure 28. Modified geologic map of DINO showing stratotype locations. The transparency of the geologic units layer has been increased. 
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Fossil Butte National Monument (FOBU) 
Fossil Butte National Monument (FOBU) is located along the eastern flank of the Wasatch Range in 
Lincoln County, southwestern Wyoming (Figure 29). FOBU was established October 23, 1972 and 
encompasses 3,318 hectares (8,198 acres) of flat-topped ridges that contain some of the world’s best-
preserved fossils. Fossilized fishes, insects, plants, reptiles, birds, and mammals are exceptionally 
abundant and highly detailed; such rare preservation is called a Lagerstätte. At FOBU, the highly 
detailed preservation of soft organisms and delicate structures such as skin have allowed scientists to 
study and interpret entirely extinct ecosystems from 50 million years ago (Graham 2012). 

The geology of FOBU records an Eocene environment at a time when Wyoming was part of a warm-
temperate habitat that was home to palm trees, insects, paddlefish, stingrays, gar, pike, trout-perch, 
herring, turtles, snakes, lizards, crocodiles, parrots, bitterns, goatsuckers, oilbirds, and mammals 
(Graham 2012). New discoveries continue to shed light on an ecosystem that developed during a 
global greenhouse climate that was one of the warmest in the past 66 million years. Strata that 
contain the articulated fossil specimens of FOBU include the Green River Formation and Wasatch 
Formation, which represent lacustrine (lake), fluvial (river) and floodplain depositional environments 
favorable to burial and preservation (Figure 30). While the strata in FOBU are Eocene in age, rocks 
exposed in the mountain ranges that border Fossil Basin to the east and west span back to the 
Devonian (Graham 2012). FOBU includes two stratotype occurrences: the type sections of the 
Angelo and Fossil Butte Members of the Eocene Green River Formation (Table 4; Figure 31). 
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Figure 29. Park map of FOBU, Wyoming (NPS). 
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Figure 30. Geologic map of FOBU, Wyoming. 
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Table 4. List of FOBU stratotype units sorted by age with associated reference publications and locations. 

Unit Name (map symbol) Reference Stratotype Location Age 

Angelo Member, Green 
River Formation (Tga) 

Oriel and 
Tracey 1970 

Type section: in SW/4 NW/4 sec. 5, T21N, 
R117W, Lincoln Co., Wyoming Eocene 

Fossil Butte Member, Green 
River Formation (Tgfb) 

Oriel and 
Tracey 1970 

Type section: beds near southeast end of the 
butte, in SW/4 NW/4 sec. 5, T21N., R117W, 
Lincoln Co., Wyoming 

Eocene 

 

The Eocene Fossil Butte Member of the Green River Formation was named by Oriel and Tracey 
(1970) for well-exposed sections on the south side of Fossil Butte and along the north and east sides 
of Fossil Ridge, 16 km (10 mi) west of Kemmerer, Wyoming where the most extensive fossil fish 
quarries are operated. The Fossil Butte is the oldest member of the Green River Formation and 
contains the world renowned, fish-bearing fossil beds. The unit is described by Oriel and Tracey 
(1970) as consisting of tan- to buff ledge-forming limestone, laminated organic-rich buff to brown 
marlstone, siltstone, mudstone, brown oil shale, and volcanic ash. Exposures near the southeast end 
of Fossil Butte, in the SW ¼ NW ¼ section 5, T. 21 N., R. 117 W., are designated the type section 
and consist of four units composed of several rock types (Table 4; Figures 31–32; Oriel and Tracey 
1970). A basal mudstone unit approximately 14 m (45 ft) is overlain by a tannish-gray limestone unit 
about 23 m (75 ft) thick. Above this unit is a buff shale 14 m (45 ft) thick that consists of laminated 
limy shale beds, organic fissile shales, and thinly laminated oil shales. The main bed that is heavily 
quarried for fish fossils (“18-inch layer”) is situated in this shale sequence (Figure 33). The 
uppermost unit is made up of light gray oil shales and ledge-forming limestone approximately 12 m 
(40 ft) thick. Thin ash beds are scattered throughout the upper half of the member. 

The Eocene Angelo Member of the Green River Formation was originally named by Oriel and 
Tracey (1970) to describe excellent exposures high on the buttes overlooking the Angelo Ranch 
along the South Fork of Twin Creek, approximately 4.3 km (2.7 mi) south of the Kemmerer 7.5’ 
Quadrangle, Wyoming. The Angelo Member is characterized as a mainly white- to blue-white 
weathering limestone, chert, sandstone, volcanic ash, and low-grade oil shale (Oriel and Tracey 
1970). The type area of the formation is designated on the buttes and spurs of Fossil Ridge, in the 
southeast corner of the Sage 7.5’ Quadrangle, Wyoming (Oriel and Tracey 1970). The type section is 
located in southeastern FOBU on a bluff overlooking Angelo Ranch in the NW ¼ section 1, T. 20 N., 
R. 118 W. and measures 59 m (194 ft) thick (Table 4; Figure 31; Oriel and Tracey 1970). 

In addition to the designated stratotypes located within FOBU boundaries, a list of stratotypes located 
within 48 km (30 mi) of park boundaries is included here for reference. These nearby stratotypes 
include the Triassic–Jurassic Nugget Sandstone (type area); Cretaceous Frontier Formation (type 
area), Oyster Ridge Sandstone Member of the Frontier Formation (type section), Hilliard Shale (type 
section), Adaville Formation (type locality), and Hams Fork Conglomerate Member of the Evanston 
Formation (type section); and the Paleogene Sillem Member of the Fowkes Formation (type section), 
Bullpen Member of the Wasatch Formation (type section), Tunp Member of the Wasatch Formation 
(type area), and Road Hollow Member of the Green River Formation (type section). 
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Figure 31. Modified geologic map of FOBU showing stratotype locations. The transparency of the geologic units layer has been increased. 
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Figure 32. Fossil Butte, southwestern Wyoming. The type section of the world-renowned, fossil-bearing 
Fossil Butte Member of the Green River Formation is located on the south-facing scarp of the butte 
(NPS/JASON KENWORTHY). 
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Figure 33. The heavily quarried, fossiliferous “18-inch layer” of the Fossil Butte Member of the Green 
River Formation, FOBU (NPS/JASON KENWORTHY). 
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Golden Spike National Historical Park (GOSP) 
Golden Spike National Historical Park (GOSP) is located directly north of Great Salt Lake in Box 
Elder County, northern Utah (Figure 34). GOSP was established April 2, 1957 with a mission to 
preserve the historical context that surrounded the completion of the first transcontinental railroad 
across the United States. The joining of the Central Pacific and Union Pacific railroads at Golden 
Spike in 1869 is considered one of the greatest technological achievements and engineering marvels 
of the 19th century. The site encompasses 1,107 hectares (2,735 acres) and is situated against the 
Promontory Mountains, a geologic setting that posed a great challenge for railroad engineers 
(Anderson 2017). Visitors to GOSP can see some of the most complete relics of the grand era of 
railroad building, or walk and drive on the original railroad grade. 

Geologic exposures in GOSP consist primarily of rocks from the Pennsylvanian, with vast 
unconsolidated Quaternary deposits that overlie these units (Figure 35; Thornberry-Ehrlich 2006b). 
As part of the Basin and Range physiographic province, the region contains many parallel ranges that 
developed as a result of extensional tectonics stretching the crust apart in a roughly east–west 
orientation. The surrounding Cedar, Oquirrh, and Promontory ranges to the west of the Wasatch 
Range, and the Cricket Mountains, Pavant, and Confusion ranges to the south and southwest are 
examples of parallel ranges (Thornberry-Ehrlich 2006b). Typical fault bound basins in the region 
surrounding GOSP include the Tule, Snake, and Great Salt Lake Valleys, as well as Cedar and Little 
Valleys, and Sevier Basin to the southwest. 

As of the writing of this paper, there are no designated stratotypes identified within the boundaries of 
GOSP. There are also no reported stratotypes within 48 km (30 mi) of the park. 
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Figure 34. Park map of GOSP, Utah (NPS). 
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Figure 35. Geologic map of GOSP, Utah. 
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Hovenweep National Monument (HOVE) 
Hovenweep National Monument (HOVE) is located along the Colorado–Utah border and is made up 
of several units located in Montezuma County, Colorado and San Juan County, Utah. The monument 
headquarters are approximately 40 km (25 mi) north of the Four Corners of Colorado, Utah, Arizona, 
and New Mexico (Figure 36). HOVE encompasses 318 hectares (785 acres) and was established 
March 2, 1923 to preserve the archaeological treasures left by the Ancestral Puebloan (formerly 
known as Anasazi) civilization. The monument includes six prehistoric villages built between A.D. 
1200 and 1300 that include multi-story towers, castles, pueblos, and cliff dwellings that are spread 
over 42 km (26 mi) (Anderson 2017). The canyons, dwellings, dams, ledges, and assorted relics of 
HOVE have inspired wonder in visitors to the sites. 

The geology of HOVE consists primarily of exposures that are Jurassic or Cretaceous in age (Figure 
37). Knowing the geology of the monument is fundamental in understanding the relationship 
between ancient cultures and the desert landscape. One particular geologic unit of HOVE, the 
Cretaceous Naturita Formation (formerly the Dakota Sandstone), was a fundamental resource of the 
Ancestral Puebloans. Seeps and springs that provided a vital water source for the Ancestral 
Puebloans came from the Naturita Formation. The canyon rims upon which the Ancestral Puebloans 
built their dwellings are Naturita Formation. The large, cohesive blocks of Naturita Formation that 
slumped onto the canyon floor also offered a foundation for some of the Ancestral Puebloan 
dwellings, including the dwellings and towers seen today. Underlying the Naturita Formation is the 
Cretaceous Burro Canyon Formation, another rock unit used by the Ancestral Puebloans to make 
tools like chert knives and arrowheads (Thornberry-Ehrlich 2004a). 

As of the writing of this paper, there are no designated stratotypes identified within the boundaries of 
HOVE. A list of stratotypes located within 48 km (30 mi) of park boundaries is included here for 
reference. These nearby stratotypes include the Jurassic Brushy Basin Member of the Morrison 
Formation (type locality), Westwater Canyon Member of the Morrison Formation (type section), and 
Recapture Member of the Morrison Formation (type section). 
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Figure 36. Regional map of HOVE, Colorado–Utah (NPS). 
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Figure 37. Geologic map of HOVE, Colorado–Utah. 
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Natural Bridges National Monument (NABR) 
Natural Bridges National Monument (NABR) is located in San Juan County, southeastern Utah 
(Figure 38). Established April 16, 1908, the monument encompasses 3,090 hectares (7,636 acres) and 
preserves three majestic natural bridges. NABR contains Ancestral Puebloan rock art and the remains 
of ancient structures, such as those found at Horse Collar Ruin. Situated in the Colorado Plateau 
physiographic province, the region of NABR is defined by high plateaus and broad, rounded uplands 
separated by vast rangelands (Thornberry-Ehrlich 2004b). The meandering streams in NABR have 
incised and meandered down through the Cedar Mesa Sandstone since the regional uplift of the 
Colorado Plateau, generating canyons and the bridges which give the park its namesake. 

 
Figure 38. Park map of NABR, Utah (NPS). 
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The geology of NABR consists primarily of seven geologic units that include the Pennsylvanian–
Permian-age Cutler beds, Permian Organ Rock and Cedar Mesa Formation, Triassic Chinle and 
Moenkopi Formations, Triassic–Jurassic Wingate Sandstone, and unconsolidated Quaternary 
alluvium (Figure 39; Thornberry-Ehrlich 2004b). Like pages in a book, these layers of rock tell a 
story about past depositional environments that include ancient deserts, swamps, lakes, floodplains, 
and seas. NABR is located on a high pinyon–juniper mesa where these geologic units are relatively 
flat-lying, undisturbed layers. The forces of wind and rain, running water, and freezing temperatures 
have slowly sculpted the rock layers into the dramatic landscape decorated with canyons, arches, and 
bridges. 

As of the writing of this paper, there are no designated stratotypes identified within the boundaries of 
NABR. A list of stratotypes located within 48 km (30 mi) of park boundaries is included here for 
reference. These nearby stratotypes include the Pennsylvanian Honaker Trail Formation (type section 
and reference section); Permian Cedar Mesa Sandstone (type locality); and the Jurassic Brushy Basin 
Member of the Morrison Formation (type locality), Westwater Canyon Member of the Morrison 
Formation (type section), and Recapture Member of the Morrison Formation (type section). 
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Figure 39. Geologic map of NABR, Utah. 
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Pipe Spring National Monument (PISP) 
Pipe Spring National Monument (PISP) is located in the Arizona Strip, a geographical area north of 
the Grand Canyon in Mohave County, northwestern Arizona (Figure 40). PISP encompasses 15 
hectares (40 acres) and was established May 31, 1923 to preserve the history of ancient and western 
life at the center of one of the most dramatic landscapes in the United States (Anderson 2017). The 
monument is a memorial to pioneer life and protects the springs that have sustained hundreds of 
years of cultural occupation and were essential to both American Indians and 19th century pioneers 
who called the arid region home (Graham 2010). Historic structures associated with the 1870–1923 
outpost and ranching operations remain, where visitors can partake in guided tours, exhibits, and 
demonstrations. 

The colorful bands of strata in the vicinity of PISP record a geologic history dating back to the 
Permian Period, approximately 275 million years ago (Figure 41). A variety of ancient marine and 
non-marine depositional environments inundated northwestern Arizona, leaving behind marine 
limestone and sandstone of the Permian Kaibab Formation. The Triassic Moenkopi and Chinle 
Formations represent a time when the region was occupied by near-shore, mudflat, floodplain, and 
river environments that contain geologic features such as ripple marks, mudcracks, and thin layers of 
gypsum. During the Late Triassic–Jurassic, vast sand dunes covered parts of Arizona and Utah, and 
are preserved in the Navajo Sandstone, Kayenta, and Moenave Formations. In total, approximately 
198 m (650 ft) of Permian rock and about 1,036 m (3,400 ft) of Triassic and Jurassic strata comprise 
the sedimentary section in the PISP region (Graham 2010). 

As of the writing of this paper, there are no designated stratotypes identified within the boundaries of 
PISP. A list of stratotypes located within 48 km (30 mi) of park boundaries is included here for 
reference. These nearby stratotypes include the Triassic Shinarump Member of the Chinle Formation 
(type locality) and Rocky Creek Conglomerate Member of the Moenkopi Formation (type locality); 
and the Jurassic Carmel Formation (type locality), Co-Op Creek Limestone Member of the Carmel 
Formation (type section), Windsor Member of the Carmel Formation (type section), and Whitmore 
Point Member of the Moenave Formation (type section). 
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Figure 40. Regional NPS map of PISP, Arizona (NPS). 
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Figure 41. Geologic map of PISP, Arizona. 
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Timpanogos Cave National Monument (TICA) 
Timpanogos Cave National Monument (TICA) is located high in the south wall of American Fork 
Canyon in Utah County, northern Utah (Figure 42). TICA was established October 14, 1922 and 
encompasses 101 hectares (250 acres) dedicated to preserving spectacular cave-related geologic 
features. American Fork Canyon is a steep and narrow limestone gorge carved into the Wasatch 
Mountain Range that displays spectacular cliffs, avalanche chutes, pinnacles, and caves. The cave 
system of the monument includes the Hansen, Middle, and Timpanogos Caves, each connected via a 
series of tunnels with a combined length of 1,706 m (5,600 ft). Caves have developed in the Deseret 
Limestone and contain limestone speleothems (cave deposits) formed by cave dissolution and 
precipitation processes. The Deseret Limestone has been slowly and continuously dissolved by acidic 
water along groundwater flow paths to generate voids in the rock that eventually became the caves. 
As the limestone is dissolved at one location, it will precipitate out of solution at another to construct 
speleothems. 

TICA contains remarkable geology spanning from the Precambrian to the Cenozoic (Figure 43). The 
north side of American Fork Canyon contains Precambrian basement rocks (Mutual Formation) that 
are as much as 3,050 m (10,006 ft) thick and consist of quartzite and coarse conglomerate with some 
calcareous shale and slate interbedded (Thornberry-Ehrlich 2006c). Predominant strata on the south 
wall of the canyon are Paleozoic in age and include the Cambrian Tintic Quartzite, Ophir Limestone, 
and Maxfield Limestone, as well as the Mississippian Fitchville Formation, Gardison Limestone, 
Deseret Limestone, Humbug Formation, and Great Blue Limestone. These rock layers are broken up 
by numerous geologic faults (both normal and reverse type) at many scales. Younger Mesozoic and 
Cenozoic rocks include sedimentary beds such as the Tibble Formation and intrusive igneous rocks 
of the Little Cottonwood stock. 

As of the writing of this paper, there are no designated stratotypes identified within the boundaries of 
TICA. A list of stratotypes located within 48 km (30 mi) of park boundaries is included here for 
reference. These nearby stratotypes include the Mississippian Deseret Limestone (type locality), 
Doughnut Shale (type locality), and Great Blue Limestone (type section); Pennsylvanian Manning 
Canyon Shale (type locality) and Bridal Veil Limestone Member of the Oquirrh Formation (type 
locality); Permian Park City Formation (type section); Triassic Ankareh Red Beds (type locality), 
Thaynes Limestone (type locality), Woodside Shale (type locality); Paleogene Tibble Formation 
(type section); and the Pleistocene Little Cottonwood Formation (type section). 
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Figure 42. Regional map of TICA, Utah (NPS). 
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Figure 43. Geologic map of TICA, Utah. 
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Zion National Park (ZION) 
Zion National Park (ZION) is located in the semi-arid desert along the edge of the Colorado Plateau 
in Iron, Kane, and Washington Counties, southwestern Utah (Figure 44). ZION was established as a 
national park November 19, 1919 and encompasses 59,585 hectares (147,237 acres) of landscape 
decorated with plateaus, terraces, benches, shelves, monoliths, and canyons. ZION is home to Kolob 
Arch, the second largest arch in the U.S. with a span measuring 87.5 m (287 ft), a window height of 
101 m (330 ft), and a thickness of 24 m (80 ft) (Graham 2006c). Zion Canyon contains narrow, sheer 
cliffs incised by the Virgin River that rise 610 m (2,000 ft) above the canyon floor. The canyon 
contains a myriad of geologic features that include blind arches, alcoves, hanging valleys, and 
waterfalls. 

The colorful strata of ZION record changing environmental conditions spanning 275 million years 
(Graham 2006c). Geologic exposures in ZION are primarily Mesozoic in age but include a range of 
units from the Permian to the Quaternary (Figure 45). Permian rocks include the Toroweap and 
Kaibab Formations. The long list of Mesozoic units includes the Moenkopi, Chinle, Moenave, and 
Kayenta Formations, Navajo Sandstone, Temple Cap Sandstone, Carmel, Cedar Mountain, and 
Naturita (formerly the Dakota Sandstone) Formations, Tropic Shale, and the Straight Cliffs 
Formation. Cenozoic rocks that cap the older sedimentary sequences include the Claron Formation 
and younger volcanic flows. The most abundant rock in ZION is sandstone, which makes up most of 
the benches, terraces, shelves, and vertical canyon walls of the park. There are various fossils, 
including vertebrate trace fossils (tracks) in the park. ZION includes four stratotype occurrences: the 
type sections of the Sinawava and White Throne Members of the Jurassic Temple Cap Sandstone, 
and the type locality and reference section of the Jurassic Temple Cap Sandstone (Table 5; Figure 
46). 
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Figure 44. Park map of ZION, Utah (NPS).  
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Figure 45. Geologic map of ZION, Utah. 



 

94 
 

Table 5. List of ZION stratotype units sorted by age with associated reference publications and locations. 

Unit Name (map symbol) Reference Stratotype Location Age 

Temple Cap Sandstone (Jt) Peterson and 
Pipiringos 1979 

Type locality: the top of East and West 
Temples in ZION (Peterson and Pipiringos 
1979) 
Reference section: in NW/4 NW/4 sec. 2, 
T41S, R10W, Washington Co., Utah 

Jurassic 

White Throne Member, 
Temple Cap Sandstone 
(Jtw) 

Peterson and 
Pipiringos 1979 

Type section: NW1/4 NW1/4 sec. 2, T41S, 
R10W, Washington Co., Utah Jurassic 

Sinawava Member, Temple 
Cap Sandstone (Jts) 

Peterson and 
Pipiringos 1979 

Type section: NW1/4 NW1/4 sec. 2, T41S, 
R10W, Washington Co., Utah Jurassic 

 

The Jurassic Temple Cap Sandstone of southwestern Utah was originally named by Gregory (1950) 
for features called East Temple and West Temple in ZION. The unit was formerly regarded as a 
member of the Navajo Sandstone but was given formation rank and included as the oldest formation 
in the San Rafael Group by Peterson and Pipiringos (1979). The Temple Cap Sandstone occurs 
stratigraphically between the Navajo Sandstone and Carmel Formation. The type locality of the 
formation is at the top of East and West Temples in ZION, where exposures are only accessible by 
mountaineering techniques or with a helicopter (Table 5; Figures 46–47; Gregory 1950; Peterson and 
Pipiringos 1979). For these reasons, Peterson and Pipiringos designated exposures located 
approximately 500 m (1,640 ft) northeast of Observation Point at the top of Zion Canyon as a 
principal reference section for the formation that also represents the type section for its two formal 
members (Table 5; Figures 46 and 48). 

The Sinawava Member of the Temple Cap Sandstone takes its name from the Temple of Sinawava in 
Zion Canyon (Gregory 1950). At the type section, located 500 m (1,640 ft) northwest of Observation 
Point at the top of Zion Canyon, the member is 6.1 m (20 ft) thick and consists of slope-forming 
sandstone, silty sandstone, mudstone, and scarce gypsum (Figure 44; Peterson and Pipiringos 1979). 
Sandstone and silty sandstone beds are very fine- to fine-grained, poorly to moderately sorted, and 
are predominantly reddish brown or light gray. Scattered throughout the member are well-rounded 
pebbles of black, gray, light-brown, green, orange, or red chert. 

The White Throne Member of the Temple Cap Sandstone was named after the Great White Throne 
in Zion Canyon, which is ~2 km (~1 mi) south of the type section about 500 m (1,640 ft) northeast of 
Observation Point (Peterson and Pipiringos 1979). The member is described as a conspicuous cliff-
forming unit consisting of fine-grained, well-sorted cross bedded sandstone that occur in sets up to 6 
m (20 ft) in thickness. The White Throne Member is 49.7 m (163 ft) thick at the type section and 
appears light gray to pale orange (Figure 44; Peterson and Pipiringos 1979). 
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Figure 46. Modified geologic map of ZION showing stratotype locations. The transparency of the geologic units layer has been increased. 
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Figure 47. View of West Temple looking north from Mount Kinesava, ZION. The upper exposures of West 
Temple are designated the type locality of the Temple Cap Sandstone (NPS). 

In addition to the designated stratotypes located within ZION boundaries, a list of stratotypes located 
within 48 km (30 mi) of park boundaries is included here for reference. These nearby stratotypes 
include the Permian Harrisburg Member of the Kaibab Formation (type section); Triassic Shinarump 
Member of the Chinle Formation (type locality), Rock Creek Conglomerate Member of the 
Moenkopi Formation (type locality), Timpoweap Member of the Moenkopi Formation (type section 
and reference section), and Virgin Limestone Member of the Moenkopi Formation (type locality); 
and the Jurassic Carmel Formation (type locality), Crystal Creek Member of the Carmel Formation 
(type section), Co-Op Creek Limestone Member of the Carmel Formation (type section), and 
Whitmore Point Member of the Moenave Formation (type section). 
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Figure 48. Principal reference section of the Temple Cap Sandstone and type section of the Sinawava 
and White Throne Members above Zion Canyon, Utah located ~500 m (1,640 ft) northeast of Observation 
Point. Total exposure thickness of the Temple Cap Sandstone is 55.8 m (183 ft); JTRn = Navajo 
Sandstone; Jtcs = Sinawava Member of Temple Cap Sandstone, Jtcw = White Throne Member of Temple 
Cap Sandstone; Jcls = limestone member of Carmel Formation. View is from Observation Point looking 
northeast, ZION. Figure from Peterson and Pipiringos (1979). 
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Recommendations 
1) The NPS Geologic Resources Division should work with park and network staff to increase their 

awareness and understanding about the scientific, historic and geologic heritage significance of 
geologic stratotypes (type sections/localities/areas, reference sections, lithodemes). 

2) Once the NCPN Geologic Type Section Inventory report is finalized, the NPS Geologic 
Resources Division should schedule a briefing for the staff of the NCPN and respective network 
parks. 

3) There are a few geologic units located within NPS boundaries that are named after features 
within the park but otherwise lack a formal stratotype designation. These units include the 
Precambrian Vernal Mesa Quartz Monzonite (BLCA), Cretaceous Tropic Shale (BRCA), and 
Permian White Rim Sandstone (CANY). We recommend that formal type sections of these units 
be designated in order to 1) provide standard references for scientific research; 2) educate park 
staff and visitors about the geoheritage significance of these units; and 3) help safeguard the 
exposures. 

4) The NPS Geologic Resources Division should work with park and network staff to ensure they 
are aware of the location of stratotypes in park areas. This information would be important to 
ensure that proposed park activities or development would not adversely impact the stability and 
condition of these geologic exposures. 

5) The NPS Geologic Resources Division should work with park and network staff, the U.S. 
Geological Survey, state geological surveys, academic geologists, and other partners to formally 
assess potential new stratotypes as to their significance (international, national, or state-wide), 
based on lithology, stratigraphy, fossils or notable features using procedural code outlined by the 
North American Commission on Stratigraphic Nomenclature. 

6) From the assessment in (4), NPS staff should focus on registering new stratotypes at State and 
Local government levels where current legislation allows, followed by a focus on registering at 
Federal and State levels where current legislation allows. 

7) The NPS Geologic Resources Division should work with park and network staff to compile and 
update a central inventory of all designated stratotypes and potential future nominations. 

8) The NPS Geologic Resources Division should ensure the park-specific Geologic Type Section 
Inventory Reports are widely distributed and available online. 

9) The NPS Geologic Resources Division should work with park and network staff to regularly 
monitor geologic type sections to identify any threats or impacts to these geologic heritage 
features in parks. 

10) The NPS Geologic Resources Division should work with park and network staff to obtain good 
photographs of each geologic type section within the parks. In some cases, where there may be 
active geologic processes (rockfalls, landslides, coastal erosion, etc.), the use of photogrammetry 
may be considered for monitoring of geologic type sections. GPS locations should also be 
recorded and kept in a database when the photographs are taken. 
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11) The NPS Geologic Resources Division should work with park and network staff to utilize 
selected robust internationally and nationally significant type sections as formal 
teaching/education sites and for geotourism so that the importance of the national- and 
international-level assets are more widely (and publicly) known, using information boards and 
walkways. 

12) The NPS Geologic Resources Division should work with park and network staff in developing 
conservation protocols of significant type sections, either by appropriate fencing, walkways, and 
information boards or other means (e.g., phone apps). 
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Appendix A: Source Information for GRI Maps of NCPN Parks 
ARCH 

• GMAP 223: Doelling, H. H. 1985. Geology of Arches National Park. Utah Geological and 
Mineral Survey, Salt Lake City, Utah. Map 74. Scale 1:50,000. Available at: 
https://ugspub.nr.utah.gov/publications/maps/M-74.pdf (accessed February 16, 2021). 

BLCA and CURE 
• GMAP 1: Hansen, W. R. 1968. Geologic map of the Black Ridge Quadrangle, Delta and 

Montrose Counties, Colorado. U.S. Geological Survey, Washington, D.C. Geologic 
Quadrangle Map 747. Scale 1:24,000. Available at: 
https://ngmdb.usgs.gov/Prodesc/proddesc_2054.htm (accessed February 16, 2021). 

• GMAP 3: Dickinson, R. G. 1965. Geologic map of the Cerro Summit Quadrangle, Montrose 
County, Colorado. U.S. Geological Survey, Washington, D.C. Geological Quadrangle Map 
486. Scale 1:24,000. Available at: https://ngmdb.usgs.gov/Prodesc/proddesc_955.htm 
(accessed February 16, 2021). 

• GMAP 8: Hansen, W. R. 1971. Geologic map of the Black Canyon of the Gunnison River 
and vicinity, western Colorado. U.S. Geological Survey, Washington, D.C. Miscellaneous 
Geologic Investigations Map 584. Scale 1:31,680. Available at: 
https://ngmdb.usgs.gov/Prodesc/proddesc_9369.htm (accessed February 16, 2021). 

• GMAP 26: Hedlund, D. C. 1974. Geologic map of the Big Mesa Quadrangle, Gunnison 
County, Colorado. U.S. Geological Survey, Washington, D.C. Geologic Quadrangle Map 
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Appendix B: Geologic Time Scale 

 
Ma=Millions of years old. Bndy Age=Boundary Age. Layout after 1999 Geological Society of America Time Scale 
(https://www.geosociety.org/documents/gsa/timescale/timescl-1999.pdf). Dates after Gradstein et al. (2020). 

https://www.geosociety.org/documents/gsa/timescale/timescl-1999.pdf
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