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AAPG TOTAL SOLAR ECLIPSE FIELD SEMINAR 
August 18-22, 2017 

 
La Quinta Inn Casper 

400 W F St, Casper, WY 82601 
(307) 265-1200 

 
ITINERARY 
 
August 18. General Arrivals La Quinta Hotel check-in.  Contact Doug Cook for arrival 

detail questions: 719-208-5510. 
 

Meet and Greet  5 PM La Quinta Sky Vue Room 
Icebreaker Dinner  6 PM The Fort Restaurant next to La Quinta 
 

Evening activity: 7-9 PM  La Quinta Sky Vue Room Presentation / Orientation / Basic 

astronomy. Distribute Guide books. Eclipse glasses/filters. Safety briefing. 

     Doug Cook  Field Astrogeology presentation.   

Dr. Kent Sundell  Field Paleontology presentation.                                                              

Telescope to be set up near hotel for a look at Jupiter and Saturn. 

The Fort 
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August 19.  
Breakfast at hotel. Convene in Sky Vue Room. 
8 AM Vans depart La Quinta front parking lot. 
 
Field Day Trip to Linch, Wyoming to visit an early recorded and well located K/T boundary 

site having almost all classic features carbon, clay, shocked quartz, fern spike above, and 
dinosaur bones below.  On the way to Linch boundary site we can stop at a newly discovered 
Cretaceous dinosaur quarry with various remains of Triceratops, Ankylosaurus, and T. rex. and 
help dig or search for your own dinosaur bones in the Lance Formation.  We will also pass 
through the famous Salt Creek and Teapot Dome oil fields having produced more than 1 billion 
barrels of oil from the western margin of the Powder River Basin, which is one of the largest 
energy production regions of the United States.  Resources include: Coal, oil, gas, coal bed 
methane, horizontal drilling and fracking of shales and tight/thin sands, U.S largest uranium 
resources, and numerous wind farms; Box lunch; Return to La Quinta by 4:30 PM.  
 

August 19 Evening:  Catered dinner at Casper Country Club.  
4149 Country Club Road.   
 

6 PM Welcome reception.  7-9 PM Dinner.  Astronaut-geologist presentations- 
 

 Jack Schmitt  Apollo 17:  45 Years and Counting.  
 

 Jim Reilly  Martian Diners and Dives: Mark Whatney Should have had Fish 
and Chips! 

 

August 20. 
Breakfast at hotel. Convene in Sky Vue Room. 
8 AM Vans depart La Quinta front parking lot. 
 

Field Day Trip to Douglas, Wyoming (45 minutes from Casper) to visit a series of five small 

impact “exhumed” impact craters within the Pennsylvanian Casper Formation.  These features 
have never been studied in detail and could provide a lively discussion in the field as to timing, 
size and speed of impactor.  After lunch we will visit nearby scenic badlands featured in 
numerous paleontology films (Walking with Prehistoric Beasts-BBC, Razor Jaws-Nat Geo, Killer 
Pigs-Nat Geo, Dawn of the Cats-Paleoworld, Valley of the Uglies-Paleoworld) and be allowed to 
collect Oligocene and late Eocene vertebrate fossils, possibly including saber tooth cats, 
Archaeotherium-killer pig, Hyaenodon-razor jaws, oreodonts, camels, horses, rhinos, deer, 
rabbits, rodents, insectivores, marsupials, snakes, lizards, and large land tortoises (some > 200 
pounds).  Dr. Sundell has studied this badlands area for more than 40 years and collected more 
than 5,000 skulls and skeletons; Box lunch.  Return to La Quinta by 4:30 PM. 
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5-7 PM.  Dinner at your leisure. Reservations recommended.  Carpooling or vans 
can be arranged. 
Evening activity: 7-9 PM  La Quinta Sky Vue Room. Presentation.  Eclipse 
astrophotography briefing; Star gazing (weather permitting). Primary site:  W. 
Casper; Hwy WY 257   42°48'53.23" N   106°27'8.67"W. 
 

August 21. 
Breakfast at hotel. Convene in Sky Vue Room. 
8 AM Vans depart La Quinta front parking lot. 
 

Total Eclipse!   Isaac Walton Lodge venue.  Ft. Caspar Rd., Casper, WY, 
42°50'19.59"N   106°22'26.83"W.    Equipment set-up, view, and photograph the 
eclipse; Lunch and dinner: picnic and BBQ at the Lodge. 
  
Evening- Share eclipse photos/stories.  Star gazing.  Vans staggered return to 
hotel by request. 
 
August 22. 
Breakfast at hotel.  Convene in Sky Vue Room. Check-out by 12 Noon.   
Departures on your schedule. 
AIRPORT TRASFERS CAN BE ARRANGED with your request and flight details. 
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INSTRUCTORS 

Dr. Harrison H. (Jack) Schmitt, Apollo 17 Astronaut: 12th and last man and only geologist 

to step on the Moon. Former U.S. Senator (NM). Aerospace and Earth Science Consultant 
and Director Orbital ATK, Associate Fellow of Engineering Physics at the University of 
Wisconsin–Madison.  

NASA astronaut geologist 1965-1975; He flew as Lunar Module Pilot 
on Apollo 17 and as the only scientist and the last man to step on 
the Moon. Dr. Schmitt continues to play an active role in Apollo 
scientific investigations, particularly through synthesizing field 
observations with sample analyses and recent remote sensing data. 
He also has worked in energy policy formulation, including 
establishing and heading NASA's Energy Program Office 1974-
1975, consulting with the Fusion Technology Institute at the 
University of Wisconsin-Madison, and advocating lunar energy and 
other resource utilization. Dr. Schmitt's 2006 book, Return to the 
Moon: Exploration, Enterprise, and Energy in the Human Settlement 
of Space, proposes the advancement of private sector acquisition 

of lunar helium-3 as a fuel for commercial fusion power reactors. Dr. Schmitt received a 
Bachelor of Science degree from the California Institute of Technology in 1957; studied as 
a Fulbright Fellow at the University of Oslo in Norway during 1957-1958; and received 
a doctorate in geology from Harvard University in 1964. He was elected and served as the U.S. 
Senator representing New Mexico 1977-1983. Dr. Schmitt became Chair of the NASA Advisory 
Council in 2005, serving until 2008. He is an associate fellow of engineering physics at the 
University of Wisconsin–Madison. He produced Chapter 2 - Lunar Helium-3 Energy 
Resources in the AAPG-EMD  Memoir 101 produced by the Astrogeology Committee and 
Energy Minerals Div., AAPG. See page 73. Dr. Schmitt lives in the intermountain West with 
his wife, Teresa Fitzgibbon, and a number of four-legged canine family members. 

Dr. James (Jim) Reilly,   NASA astronaut geologist; Mach 25 Management, Colorado Springs, 

Colorado, USA   
Exploration Geologist Enserch Exploration, Inc., 1980-1995; NASA 
astronaut on shuttle missions STS-89 in 1998, STS-104 in 2001 and 
STS-117 in 2007. He has logged over 853 hours in space, including 5 
spacewalks totaling 31 hours and 10 minutes. Reilly retired from 
NASA in May, 2008. He is currently principal with Mach 25 
Management engaging corporate, public sector, and student 
audiences around the world. Dr. Reilly also serves as the curriculum 
developer and instructor for a mid-career course for military 
personnel in Space Operations via the National Security Space 
Institute operated by the Air Force in Colorado Springs, CO.  He is 
actively involved with senior and graduate level engineering 
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projects with students at the University of Colorado, Colorado. Springs, the US Air Force 
Academy, and Stevens Institute of Technology. His research interests include systems 
engineering for future Mars exploration missions and surface operations on Mars. Dr. Reilly 
earned his Bachelor of Science degree in geosciences from University of Texas-Dallas, 1977, 
Master of Science degree in geosciences from University of Texas-Dallas, 1987, and 
Doctorate in geosciences from University of Texas-Dallas, 1995.  He produced Chapter 7 - 
Avoiding Extraterrestrial Claim Jumping ....in Memoir 101, see p. 73.

Dr. Kent Sundell, Geology Department Chair and Instructor Casper College, Casper, Wyoming, USA 

Dr. Kent A. Sundell is Department Chair and Instructor Casper 
College, Casper, Wyoming. Kent starred in BBC's paleontology 
documentary Walking with the Beasts.  Dr. Sundell also the owner 
and sole proprietor of Douglas Fossils and has collected more than 
5,000 skulls and skeletons of fossil mammals and reptiles from 
private lands in Converse County, Wyoming. Dr. Sundell has taught 
geology and paleontology at Casper College in Casper, Wyoming 
for 20 years. Common specimens, such as oreodonts, camels, 
horses, rabbits, rhinos, turtles, dogs and sabertooth cats are sold to 

private collectors, museums and teaching institutions around the world. Rare undescribed 
specimens, such as snakes, amphisbaenids, tiny rodents, insectivores, and marsupials are 
provided to museums and research institutions around the world for study, description, 

publication, curation, and final display. 

   Tyrannosaurus rex at Casper College Oreodont skull 
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Don Clarke:  Consulting Petroleum Geologist, Lakewood, CA, USA 

 
Consulting Petroleum geologist who lives and works in southern 
California. He retired from his civil service work with the City of Long 
Beach (Unit Operator for the Giant Wilmington oil field) and the 
California State Lands Commission in 2004. His clients include 
Occidental Petroleum, California Resources Corporation, the Cities of 
Beverly Hills, Newport Beach and Hermosa Beach, Mid Con Energy, 
Emerald Energy, Geomechanics Technologies, Glamour Magazine and 
others. Don served on two committees for the National Research 
Council and was on the Board of Directors for the National PTTC and the 

Dibblee Foundation. Don has been active in the AAPG and has served the association in many 
ways and received many awards. Don has had a lifelong interest in astronomy and 
paleontology. 
 

 

Doug Cook:   Chair AAPG Astrogeology Committee.  Colorado Springs, Colorado, USA 

 
Doug Cook is recently retired (April, 2016) as Chief Explorationist of Saudi 
Aramco’s Southern Area Exploration Division in Saudi Arabia. While there, 
in addition to oil and gas exploration, Doug explored and published on 
five impact structures and led desert star gazing trips for the Dhahran 
Geoscience Society. Before joining Aramco, Doug explored deep water 
Gulf of Mexico and Nigeria for Conoco and BHP. A career highlight aside 
from prospecting was participating in ten years of deep water 
submersible oil seep studies in the Gulf of Mexico. These seeps have 
associated chemosynthetic communities of life. As extremophiles, these 

organisms relate to Doug’s passion for astrogeology/exobiology. Doug received his BS in 
Oceanography from the University of Michigan and MS in Carbonate Sedimentology from the 
University of Florida prior to joining Conoco in 1984.  He is a member of American Association 
of Petroleum Geologists (AAPG), Chair AAPG Astrogeology Committee, Society of Exploration 
Geophysicists (SEG), and Member-at-Large with Colorado Springs Astronomical Society. Doug 
currently teaches Astronomy at Pikes Peak Community College. 
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Karl Osvald:    Senior Geologist at Bureau of Land Management,   Casper, Wyoming, USA

Karl’s  expertise in local Wyoming geology and astrogeology has been 
indispensable in assisting to organize our astrogeology field work at Linch, 
Sussex, and Douglas, WY.  

Mr. Osvald is a senior geologist with the Bureau of Land Management (BLM) 
Wyoming State Office’s Reservoir Management Group. He is currently the 
Wyoming technical lead for Geologic Carbon Sequestration; EOR; UIC; Oil 
Shale/Tar Sands, Shale Gas/Shale Oil, Geothermal & Helium; University of 

Wyoming--BLM Assistance Agreement Representative; Wyoming BLM-DOE Research Partnership 
Coordinator; and has served as a member by appointment to the Governor of the State of Wyoming’s 
GIS Oversight Committee.  Parallel with his Geoscience career, Mr. Osvald served thirty-two years in the 
USAF Reserve, retiring as Major, Reserve.  Mr. Osvald's Geoscience promotion and outreach efforts 
include serving as a current member, and past Chairman, of the Tate Geological Museum Advisory 
Board, Tate Geological Museum, Casper College, Casper, Wyoming.  As a founding member of the 
Planetary Society, he is a lifelong advocate of planetary exploration, human potential growth and 
expansion of our species into the Cosmos. His broader topical interests in embrace Planetary Geology, 
Paleontology, Archaeology, and History; particularly what is coming to be known as “Big History”.  
Mr. Osvald is a graduate of the University of Georgia, and he has taught, under the auspices of the 
BLM’s Intergovernmental Personnel Act(IPA) program, at the university level as a professor, Zoology & 
Environmental Science, Engineering Technical Communications & Research Seminar, South Carolina 
State University, Orangeburg, S.C. He is also a member of the Advisory Group to the Uranium (Nuclear 
and Rare Earth) Committee of the Energy Minerals Division (AAPG).
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AAPG 2017 Eclipse Seminar Packing List 

Expect daytime temperatures in the field to be 85 to 95 F in the sun. A quick 
summer thunderstorm can drop temps into the low 60s quickly.  We will have two 
days in field and you will have the opportunity to participate some world-class 
geology and paleontology sites. Sample and fossil collecting will be allowed unless 
directed otherwise.  We will have food and water in the vans. 
FIELD GEAR 

 Day pack. 

 Guidebook (provided on check-in Aug 18). 

 Notebook and pen/pencil. 

 Good hiking boots (over the ankle) required (sharp rocks and rattlesnakes 
possible). 

 Long pants required (rough brush and rattlesnakes possible). 

 Hat and sunscreen required. 

 Insect repellant. 

 Medications if necessary. 

 Energy snack optional.  

 T-shirt with a long-sleeve light colored shirt layered over is practical. 

 Walking stick(s) optional. Most terrain moderate. Some terrain is 
challenging (optional participation).  

 Light rain poncho optional. 

 Hand lens optional. 

 Rock hammer and chisel optional. 

 Eye protection if using rock hammer. 

 Fossil brush optional. 

 Specimen bags for collecting. Sandwich bags. 

 Sharpie marker. 

 Camera, batteries, SD cards,( charger). 

 One quart ziplock plastic bags to hold rocks and fossils 

 Aluminum foil to wrap fossils 

 Blue painter’s tape to hold the foil on 

 Band aids 

 Market carry bags for fossil finds 

 Facial tissues 

 Wet wipes 
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AAPG   Field Safety & Health Considerations 

  
Field  
Environmental 
Conditions 

Elevations at Wyoming field sites range from about 1,340 to 2,350 meters (4,400 - 

7,700 ft). Typical daytime temperatures are 28 to 30 C (82 to 86 F), but you 

should be prepared for temperatures from 8 to 35C (46 F to 95 F). Brief, intense 
rainstorms are possible. Strong winds and blowing dust are possible.  Vegetation 
is a typical high-desert/steppe assemblage (sage, pine, cactus, and greasewood), 
so expect to encounter thorny brush and cacti.  
 
Venomous snakes, spiders, and insects exist in the field areas but are not 
commonly encountered by school groups. Ticks are present locally in Wyoming 
and may carry disease (Rocky Mountain Fever and Lyme Disease). 

  
Description of 
Field Terrain 

The field seminar will make hikes of short to intermediate duration (20-90 minutes) 
with mostly moderate elevation gain (10-20 meters) in occasionally rough, rocky 
terrain, with thorny brush.. The most strenuous day involves a voluntary hike that 
covers 2 km (1.3 miles) with an elevation gain of 70 meters (225 ft) during the 
course of about 90 minutes.  

 

Identification of Potential Safety Hazards 
 

Slips, Trips, 
and Falls 
 
Rock 
Hammers 

There are trip and fall hazards on ledges and loose rocks on hillsides and trails. 
 
 
Caution using rock hammers and chisels.  Eye protection is required.  
 

 
Personal 
health /     
hazardous 
conditions 

 Poor physical conditioning may lead to overexertion and severe fatigue which 
can exacerbate pre-existing medical conditions and contribute to accidents. As 
detailed in the attached form, participants with certain serious medical 
conditions must check with their physician or health services department prior to 
attending this school. See attached Emergency Contact and Medical 
Certification form.  

 Allergic reaction to insect bite or plant puncture wound 

 Heat-related illness / dehydration 

 Sunburn 
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AAPG   Field Safety Briefing 
 

Personal 
health 
hazardous 
conditions 

 Candidates should determine their ability to handle short periods (20 -90 
minutes) of high exertion at relatively high altitudes, which are required to 
access some of the field localities. Vertical change in elevation will be 70 
m (225 feet) or less at base elevations of 1,500 m (5,000 feet). 

 Persons under medical care or taking daily medications are advised to consult 
with their physician or health services department prior to committing to 
participate in the activity. It would also be helpful to alert the Field Activity 
Leader of any special medications you may be taking before any emergency 
situation arises. 

 Persons with known dangerous allergies to insect bites, foods, etc. should make 
such allergies known to the Field Activity Leader so that the appropriate care 
can be taken of you in the event of an emergency. 

 Sun block, insect repellant, and proper clothing are needed to reduce the 
chance of sunburn, insect bites, and overexposure. 

 

 

Behavior 
based risks 

 All participants are required to follow the risk assessment and standard 
operating procedures identified in this pre-trip letter, any trip or site specific 
orientations, and\or any safety instructions given by the activity staff. 

 All participants are required to self identify any discomfort or pain associated 
with all field activities. Do not continue to participate is you are experiencing 
pain or have exceeded your personal tolerance for fatigue / risk acceptance. 
Notify a member of the staff and arrangements will be made to modify the 
activity or provide an alternate level of participation. 

 Any deviation from these required behaviors are grounds for removal from the 
field activity. 

 

 

Motor vehicle 
hazards 

 Personnel driving vehicles are required to take defensive driving training. 
This, or a similar driver education program, is strongly recommended for 
all persons wishing to drive field vehicles. Van drivers will be provided by 
Casper College. 

 

 All Participants should pay careful attention to periodic briefings by the 
Field Activity Staff on potentially hazardous conditions associated with 
use of the vehicles.  
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FIELD SEMINAR SITES    DAY 1   August 19, 2017 
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FIELD SEMINAR SITES    DAY 2   August 20, 2017 



19 | P a g e  
 
 

WYOMING STRATIGRAPHIC NOMENCLATURE CHART  
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WYOMING STRATIGRAPHIC NOMENCLATURE CHART 
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 11th Annual Tate Symposium of Paleontology and Geology, 2005 
Paper included on Flash Drive   

LINCH and SUSSEX, WY      FIELD DAY 1   AUGUST 19, 2017 
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Nichols, 2005 

Nichols, 2005 

Iridium anomaly and shocked quartz 

planar deformation features (PDFs): 

Definitive evidence of impact origin. 
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FIELD TRIP ROAD LOG DAY 1   AUGUST 19, 2017 

STOP 1     Salt Creek Ranch Cretaceous Dinosaur Fossils 

STOP 2-3  Cretaceous/Paleogene extinction boundary, caused by large 

asteroid impact at Chicxulub, Mexico Yucatan, 65.5 million years ago. 

Start     La Quinta Inn, Casper, Wyoming          DIST.       CUM. 

Headed south from parking lot turn right onto frontage road to Poplar Street.                      0.1 mi    0.1 mi 
Cross Poplar and enter northbound Interstate 25. Proceed north on I-25 and past northern portions of 
Casper and Bar Nunn, Wyoming. 
 
To the south beyond the city of Casper lies Casper Mountain, an east-west trending 25 mile long 

mountain uplift created during the Laramide Orogeny (100- 45Ma).  Its top at 8,300’ lies about 3,000’ 

higher than Casper.  It is a rather asymmetrical east-west trending breached (to Precambrian) anticline 

with a 25-mile-long fault defining its northern margin with 8,000’ of stratigraphic offset.  The trace of 

the fault is easily observed by the break in the slope, vegetation changes, and rock type changes along 

its entire length. Defining the steep pine covered steep north face of Casper Mountain.  At Casper 

Mountain Road switch backing up the north face 2.8 BA Precambrian granites, granitic gneisses, and 

schists are thrust northward over the 80 Ma marine Cody 

Shale that underlies most of Casper.   

 

As we proceed north, away from Casper Mountain, we are in the Powder River Basin.  The Powder River 

Basin is one of the most energy rich geologic basins within the United States containing classic oil & gas 

resources, uranium resources, coal resources, coal-bed-methane, unconventional shale oil & gas, more 
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than half of the U.S. uranium resources, and recently developed wind power.  All major uplifts 

surrounding the Powder River Basin were formed during the Laramide Orogeny, including the Bighorn 

Mountains to the west, Casper Mountain, the Laramie Range to the South, and the Black Hills uplift to 

the East.   

The Laramide Orogeny from 100Ma to 45Ma was a compressional event creating the Wyoming Foreland 

Province along the east edge of the Cordilleran.  It produced large amplitude folding and reverse faulting 

involving sedimentary and Precambrian basement, forming N-S, NW-SE, and E-W structures throughout 

Wyoming and adjacent states.  It was caused by shallow subduction of the Kula Plate along the western 

edge of the North American plate prior to creation of the proto-San Andreas system.  Since the end of 

the Laramide in middle Eocene, most tectonism has been extensional with normal faulting related to 

relation after compression and under plating of the Rockies with remnants of the Kula Plate, leading to 

epeirogenic uplift of all mountains and basins in Wyoming throughout the Neogene of more than 4,000 

feet. Hence, Casper and everywhere we will be traveling is over 5,000’ in elevation with our highest 

mountains of 12,000- 13,000’ in northwestern Wyoming. 

Wardwell Road underpass (exit 191). Town of Bar Nunn to the west.                                       2.8 mi   2.9 mi        

Teapot Sandstone Member of the upper Cretaceous Mesaverde Formation form the grey cliffs and 

ridgeline to the west.  The Teapot Sandstone is composed of non-marine eolian dunes with a thin coal 

commonly present below the sandstone.   The entire Mesaverde Formation to the east is covered by a 

Quaternary dune field obscuring its relations to the east.  The Teapot Sandstone is overlain by marine 

shales within the Fox Hills Sandstone Formation.                                                                                                                        

 4.1 mi   7.0 mi       

Ormsby Road underpass (exit 197).  At 3 o’clock, 2 miles east of the interstate, is Midway Oil Field, 

discovered in 1931 on a structural dome.  Midway has produced more than 500,000 BO from the 

Frontier Formation.                                                                                                                             1.7 mi   8.6 mi 

Cross McPhereson Draw.  Leaving Quaternary  sand dune covered area to south.  The Hill at 1 o’clock is 

capped by the non-marine Lance Formation of latest Cretaceous age (68-65 Ma).   From here we slowly 

descend down section, encountering older rocks, for about 20 miles.  The community of Antelope Hills 

to the East is built on the Lance and Fox Hills formations of late Cretaceous age.                 4.7 mi   13.3 mi 

Crest of Twenty Mile Hill.  Last view of Casper Mountain to the south.                                   3.9 mi   17.2 mi 

Exit Interstate 25 at Exit 210.  Turn right (north) onto U.S. Highway 259.                             5.2 mi   22.4 mi 

The Late Cretaceous Fox Hills Sandstone is well exposed along the skyline to the right (east) of the 

Highway 259.  It is composed of marine offshore bars sandstones and is usually underlain and overlain 

by organic rich dark shales (Lewis Shale equivalents).  The Fox Hills is a classic unconventional horizontal 

well play in the Powder River Basin.  Fracking both the sandstone and adjacent shale source rocks to 
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release primary (non-migrated) oil and gas.  1 and 2 mile long horizontal lateral wells have been drilled 

in the Fox Hills.   We will drive along strike of this out crop for about 4 miles.                      1.1 mi   23.5 mi 

To the left (west) the ponderosa pine covered outcrops are the Teapot Sandstone Member of the 

Mesaverde Formation.  The sandstone is commonly light grey on outcrop and has a thin coal beneath 

the sandstone in outcrops to the west.                                                                                           1.5 mi  25.0mi 

Type Locality of Teapot Sandstone Member of Mesaverde Formation is on the point of the hill to the 

west.                                                                                                                                                       1.7 mi  26.7 mi  

Teapot Ranch with the iconic Teapot Rock hoodoo standing behind it.  A tornado in 1962 removed the 

spout from the teapot form.                                                                                                              0.3 mi  27.0 mi 

Bridge over Teapot Creek.  For the next 4 miles we will drive down section through the Mesaverde 

Formation, gradually changing from eolian dunes to fluvial swampy coals, organic shales, mudstones and 

thin sandstone channels to a thick marine shoreline facies named the Parkman Sandstone Member of 

the Mesaverde Formation.                                                                                                                 0.8 mi  27.8 mi 

Yellowish sandstone outcrops to the east (across Teapot Creek) are the Parkman Sandstone Member of 

the Mesaverde Formation.  This thick transitional beach to off shore bar sandstone commonly 

containing Inoceramus clams is also a non-conventional horizontally drilled target in the deeper Powder 

River Basin to the east.                                                                                                                        1.6 mi 29.4 mi 

The dark, tree-covered ridge on the skyline to the northeast is the “Pine Ridge” composed primarily of 

Paleocene Fort Union Formation .  To the southeast the pine covered hills are the Teapot Sandstone and 

the skyline cliff is the overlying Fox Hills Sandstone.                                                                    0.4 mi   29.8 mi 

Parkman Sandstone Member of Mesaverde Formation on both sides of the road near the contact with 

the underlying Cody Shale.                                                                                                                1.7 mi   31.5 mi 

Entrance to Teapot Dome, formerly U. S. Naval Petroleum Reserve # 3.  Made nationally famous by a 

scandal where Albert Fall (Head of Dept. of Interior for U.S.)  was leasing and accepting bribes from 

Harry Sinclair in 1922, The field was developed and most primary production was removed in 1976-2015 

after the first Arab oil embargo. It was sold to a private company, Natrona County Holdings, in 2015.  

Teapot Dome is a south east plunging appendage to the much larger Salt Creek Oilfield.  The Shannon 

and the Second Wall Creek (Frontier Fm.) Sandstones are the dominant petroleum reservoirs, but eight 

other zones, including the Cody Shale, Niobrara Shale, Third Wall Creek, Muddy Sandstone, Dakota 

Sandstone, Lakota Sandstone, Morrison Formation, and Tensleep Formation have produced 

hydrocarbons.                              2.2 mi   33.7 mi 

 

 Enter southern end of Salt Creek Oilfield.  Bighorn Mountains are barely visible to northwest.  
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           1.0 mi   34.7 mi 

The large square bluff directly to the east is called Castle Rock.  It is formed by a resistant top of the 

Shannon Sandstone.  The other bluffs are all formed by the Shannon Sandstone Member of the Cody 

Shale being more resistant to weathering than the overlying and underlying Cody Shale.    

1.6 mi   36.3 mi 

Cross Salt Creek.  Cody Shale exposed in cliff faces along creek.                                              3.4 mi    39.7 mi     

Turn Right (east) on to Highway 387 at the steel derrick and wooden pumping beam.      0.4 mi   40.1 mi 

Remnants of the early days in the 20th century when thousands of such structures dotted the landscape 

over Salt Creek Oilfield.   Originally discovered in 1889, Salt Creek is the second largest oil field by 

production in the Rocky Mountains and is the largest producer of Cretaceous-sourced sweet crude oil.  A 

CO2 injection and secondary recovery project was initiated about 10 years ago on the prolific Wall Creek 

Sandstones and has greatly boosted production again.  The enormous 20 mile long by 10 mile wide 

north-south trending domal structure lies along the western margin of the Powder River Basin.  More 

than nine zones produce oil at Salt Creek with total cumulative production now exceeding 1 billion 

barrels of oil. Town of Midwest, Wyoming lies west of this intersection. (Possible rest room stop at Big D 

Gas Station, Midwest, WY).                                                                             

Shannon Sandstone outcrop to the north along roadside.                                                         0.6 mi   40.7 mi 

Edgerton, Wyoming.                                                                                                                           0.5 mi   41.2 mi 

Contact between Cody Shale below and base of Mesaverde Formation.                                1.2 mi   42.4 mi 

Cross bridge.  Excellent view of the Teapot Sandstone Member of the uppermost Mesaverde Formation 

with a thin coal visible along creek to the east.                                                                             1.4 mi   43.8 mi 

Oil field and out crops of the Fox Hills Sandstone to the right (south).                                     1.0 mi   44.8 mi 

Contact between the Fox Hills sandstone and the overlying Lance Formation.                      1.0 mi   45.8 mi 

Johnson County/ Natrona County boundary while driving up section through the non-marine fluvial, 

dinosaur bearing Lance Formation.                                                                                                 2.2 mi   48.0 mi 

 

STOP #1  Cretaceous Dinosaur Fossils at Salt Creek Ranch Turn right and proceed 

through green gate onto private land of the Salt Creek Ranch to search for dinosaur bone fragments 

within the Lance Formation.   The most common dinosaur in the Lance Formation is Triceratops with 

large horn and frill fragments commonly exposed at the surface without digging.  The Tate Museum at 

Casper College has been collecting the Lance Formation both near this locality and along the west, 
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south, and eastern margins of the Powder River Basin for the past 15 years, discovering the best 

Tyrannosaurus rex ever from Wyoming, about six Triceratops specimens, one Torosaurus specimen, 

several hadrosaurs, and pieces of Pachycephalosaurus, Ankylosaurus, Dromeosaurus and many turtles, 

croc, fish materials associated with dinosaurs in the stream channels that form much of the Lance 

Formation. 

 

Triceratops 

Thick massive sandstone forms cliffs and waterfall (when raining) to the right of Highway.  This area was 

reportedly called dinosaur draw when they built the highway due to the occurrence of numerous 

dinosaur bones encountered.                                                                                                            1.1 mi  49.1 mi 

Top of hill on Pine Ridge.  Approximate contact between the latest Cretaceous Lance Formation and the 

overlying Paleocene Fort Union Formation, but not well exposed.  Metal gate to the right leads to 

private property that has a dinosaur quarry the Tate Museum has been digging on the past three years.  

It is mainly a broken up and tumbled Triceratops at the base of a sandstone channel.  Possibly an 

ALTERNATIVE STOP if muddy roads are an issue or extra time is available.                             0.6 mi  49.7 mi 

Cross Meadow Creek driving up section through Fort Union Formation.                                 1.8 mi  51.5 mi 

Turn left on to Wyoming Highway 192 following Pine Ridge northward in Fort Union Fm.  2.2 mi  53.7 mi 

 

Turn left into town of Linch, Wyoming and entrance to Meadow Creek Oil Field.                 5.5 mi  59.2 mi 
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ALTERNATIVE STOP if wet roads proceed down Highway 192 to road cut containing various 

Paleocene plant fossils – approximately .5 miles then return to Linch. 

 

 Passing large tank battery at Meadow Creek Oil Field.  Keep Right.                                         0.3 mi  59.5 mi 

Cattle Guard.  Crossing on to private land.  Fort Union Formation. 

Old Homestead to left (west).  Dinosaur bones reportedly used to adorn the front porch.  0.9 mi 60.4 mi 

Turn right off oil field road onto dirt 2-track towards Sussex Dinosaur K/T  extinction boundary site. 

                                                                                                                                                                 3.7 mi  64.1 mi 

Travel along 2-track to base of symmetrical hill.                                                                            0.3 mi  64.4 mi 

STOP #2  Sussex K/T Boundary site (reference paper Nichols, 2005). 

43° 37’ 53.11” N  106° 19’59.21” W  

Return to turnoff for Teapot Dome Oil Field (log mile 33.7) and turn east (left). (Possible rest room stop 

at Big D Gas Station, Midwest, WY).                                                                               30.6 mi   95.0 mi 

 

Black Gate at entrance to Teapot Dome (Natrona County Holdings- Operator).                    0.5 mi   95.5 mi 

Teapot Creek Bridge.  Driving on Cody Shale.                                                                                0.3 mi   95.8 mi 

Hilltop. Excellent view of Teapot Dome Oil Field.  Rim Rocks of Shannon Sandstone several miles to the 

north towards Salt Creek Oil Field. Resistant ridge of sandstones within the Mesaverde Formation ring 

the east, south, and west sides of the large domal structure.  Core of dome breached to Cody Shale 

where most oil facilities are located.  Pine Ridge visible to the east along the skyline is formed by 

resistant sandstones in the Fort Union Formation.                                                                      1.5 mi   97.3 mi 

Geology Office at Headquarters for Teapot Dome operations.                                                  1.5 mi   98.8 mi 

Gate. Leaving Teapot Dome onto private land. Cross contact between Cody Shale and Parkman 

Sandstone at the bottom of the Mesaverde Formation.                                                           2.7 mi   101.5 mi 

Beautiful exposures of Mesaverde Formation badlands to left (north).                                  3.8 mi  105.3 mi 

Turn left at Cattle guard on road to Ranch House.  Pine tree-covered ridge is the Teapot Sandstone at 

the top of the Mesaverde Formation.                                                                                            0.4 mi  105.7 mi 
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Excellent view of 40 degree east dipping Fox Hills Sandstone,                                                  2.4 mi  108.1 mi 

Salt Creek. Approximate contact between Fox Hills Sandstone and Lance Formation.       1.3 mi  109.4 mi 

STOP #3   Lily Pond site of K/T boundary  (reference paper Wolfe, 1991)       6.9 mi   116.3 mi 

43° 15’ 08” N   106° 03’ 57” W 

This site contains evidence by Jack Wolfe of multiple asteroid impacts at the Cretaceous/Paleocene 

boundary.  Second possible dinosaur bone collecting site is possible if time is available. 

Return to Casper and La Quinta Inn planned by 4:30 PM.                                                     54.4 mi  170.7 mi 

END    FIELD   DAY      
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FIELD DAY 1  AUG 19, 2017  Douglas, WY 

DOUGLAS, WY      FIELD  DAY 2   AUGUST 20, 2017 

 

 

Kastning, H., and P. W. Huntoon, 1996, Cluster of five small 

Pennsylvanian meteorite impact craters on Sheep Mountain near 

Douglas, Wyoming:  in, T. M. Ciardi and P. E. Johnson, eds., NASA's 

Wyoming Space Grant Fellowship Program 1995-6 Space Science 

Research:  Wyoming Space Grant Consortium, University of Wyoming 

(Laramie, WY), p. 57-64  (on flash drive). 
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Kastning and Huntoon, 1996   Figure 1           Table 1 (feet) 

 

  

STOP 1 Douglas, WY      IMPACT CRATERS  
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Shocked quartz planar deformation 

features (PDFs): Definitive evidence 

of impact origin. 
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Douglas, Wyoming  CRATER 1  DRONE PICTURE 

60 meters long axis.   Oriented NW to SE, presumed direction of impact. 
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Douglas, Wyoming  CRATER 2  DRONE PICTURE 

31 meters long axis.   Oriented NW to SE, presumed direction of impact. 
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Douglas, Wyoming  CRATER 3  DRONE PICTURE    

35 meters long axis.   Oriented NW to SE, presumed direction of impact. 
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Oreodont- Common fossil in White River Fm. (Late Eocene-Oligocene) 

 

STOP 2   Scenic badlands featured in numerous paleontology films (Walking with Prehistoric 

Beasts-BBC, Razor Jaws-Nat Geo, Killer Pigs-Nat Geo, Dawn of the Cats-Paleoworld, Valley of 

the Uglies-Paleoworld) and be allowed to collect Oligocene and late Eocene vertebrate fossils, 

possibly including saber tooth cats, 

Archaeotherium-killer pig, Hyaenodon-

razor jaws, oreodonts, camels, horses, 

rhinos, deer, rabbits, rodents, 

insectivores, marsupials, snakes, 

lizards, and large land tortoises (some > 

200 pounds).  Dr. Sundell has studied 

this badlands area for more than 40 

years and collected more than 5,000 

skulls and skeletons. 

Kent Sundell with 

Archaeotherium skull. 

DOUGLAS, WY      WHITE RIVER FM.   FIELD  DAY 2   AUGUST 20, 2017 
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Archaeotherium skull.   
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Mesohippus skull. 
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Dinictis felina (Saber tooth Cat) 
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Paleontology and Geology of the White River Formation 
 

Geology of the White River Formation: 
 
     The White River Formation 
contains numerous late Eocene 
and Oligocene vertebrate, 
invertebrate and plant fossils in 
the Douglas, Wyoming area. It 
is composed of terrestrial 
sedimentary rocks (300 meters 
thick), including mudstones, 
siltstones, sandstones, minor 
conglomerates, and volcanic 
tuffs.The paleoenvironment 
was an aggradational 
meandering river system 
(ancestoral North Platte River) 

with the conglomerates and sandstones reflecting the stream channels and mudstones and 
siltstones deposited during 
periodic overbank flooding 
by the river.  

It is a classic 
paleoenvironment for 
preserving a terrestrial 
fauna. The occurrence of 
more than 13 volcanic tuffs 
within the White River 
Formation interspersed with 
numerous excellent fossils 
and magnetically susceptible 
rocks provides a unique and 
scientifically exciting control 
to the geology of this area 
that is unparalleled. Only two of the tuffs has been isotopically dated (Tuff #5 age 33.9 Ma, 
Swisher and Prothero, 1990 and Prothero and Swisher, 1992)(Tuff #5 age 34 Ma, Tuff #7 age 
31.2 Ma, J. Scott 2000), but many of the other tuffs can and should be dated. The stratigraphy 
and invertebrate (snail) paleontology of the area has recently been thoroughly studied by 
Evanoff (1993 and et.al 1992) with many measured sections and descriptions of the volcanic 
tuffs. A generalized measured section is presented here from Evanoff's PhD dissertation 
studies. This co-occurrence of fossils, magnetically stable beds, and datable volcanic tuffs will 
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allow future research in this area to be correlated regionally (Nebraska, South Dakota, western 
U. S.) and worldwide.  

 
 
Vertebrate Paleontology of White River Formation: 
     The vertebrate fossils from the Douglas area include spectacular specimens of reptiles 
(snakes, lizards, tortoises and turtles) and mammals (ancestoral modern lineages: horses, dogs, 
cats, mustelids, camels, deer, rhinoceros, rodents, rabbits, insectivores, and marsupials and 
extinct lineages: brontotheres, entelodonts, oreodonts, hyaenodonts, and sabertooth cats). It is 
the world's best locality for many of the small, delicate, and rare mammals and reptiles of the 
mid-Tertiary period. The specimens of fossil snakes (Breithaupt, 1997), amphisbaenids (Dickson 
and Cunningham, 1997), marsupials, insectivores, and rodents are unique and exceptional. This 
is due to a combination of paleoecology (a burrowing community)(Sundell, K, 1997a and 
Sundell, C., 1998) and unique preservation conditions (secondary calcite cementation). Well 
articulated skeletons of many of the larger mammals are also found. Many include unborn 
fetuses, juveniles, and multiple death assemblages that are unknown scientifically (Sundell, K., 
1997a,1997b, 1998).      Several local vertebrate and one invertebrate paleontological studies 
have been done in this area that provide a general biostratigraphic framework (Kron, 1978, 
Prothero, 1983, and Evanoff, 1993, Evanoff, et. al. 1992). The White River Formation can usually 
be subdivided into three fossil land mammal ages based on the vertebrate fauna, including the 
Chadronian, Orellan, and Whitneyan North American Land Mammal Ages (NALMAs) from oldest 
to youngest, respectively. White River Formation simplified chart). The Chadronian and Orellan 
faunas have been firmly delineated in the Douglas area, but the Whitneyan fossils are rare in 
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the upper third of the White River Formation at this locality and elsewhere. The change from 
Chadronian to Orellan faunas occurs very near the one isotopically dated tuff bed. This single 
date and faunal change has been a key data point for revisions of the Chadronian North 
American land mammal age from the early Oligocene epoch to the late Eocene epoch (Swisher 
and Prothero, 1990, Prothero and Swisher, 1992). This important boundary change and the less 
studied Orellan to Whitneyan boundary can be studied in great detail in the Douglas area. A 
second key tuff bed has been located slightly above the probable Orellan/ Whitneyan NALMA 
boundary and tentatively dated at ~31 MA (Scott 2000) with more than 120 meters of 
Whitneyan fossiliferous rocks occurring above this tuff. The unique interrelations of prolific 
fossils, radiometric datable tuff beds, and paleomagnetic susceptible sediments from three 
NALMAs and 5 magnetic Chrons ((9-13) in one geographic location is the primary focus of 
future research at this locality.                                                                                                                                                                                                                         
Paleoecologic significance:     By studying the precise stratigraphic and geographic location of 
the more than 3,500 skulls and skeletons collected by Douglas Fossils a tremendous data set 
can be used to help interpret paleoecological changes both vertically (stratigraphic relations to 
ash beds and evolutionary change through time) and horizontally (geographic lateral changes in 

the Douglas area and correlations to 
other White River outcrops in 
Nebraska, South Dakota, and 
Colorado). Additionally the forensic 
analysis of some of the more 
spectacular specimens (multiple 
oreodonts, multiple camels, carnivore 
dens, carnivore killsites, bite marks, 
coprolites, and leftovers) allows us to 
better interpret how each of these 
unique organisms lived their lives and 
how they died. We have studied in 
detail and proven many new 
hypotheses, such as: 1)How 
Oreodonts lived in burrows much like 
modern prairie dogs rather than in 

large herds on the open plains. 2)Hyaenodons (last of the Creodonts) are the dominant 
predator of Oreodonts and are symbiotically tied to them. 3) Archaeotheriums are dominantly 
attack predators that bite their prey and battle each other by running alongside and biting the 

http://www.douglasfossils.com/multi_kill.html
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back of their adversary's skull and swallow them whole or in big gulping chunks similar to 
crocodiles.      The recently discovered Swan Lake plant 
locality of Orellan age is the first good assemblage of plant 
material (leaves, trees, roots, grasses, pollen, and 
phytoliths) to be found in the upper (Oligocene) portion of 
the White River Formation. The lake deposits are lateral 
equivalents to the best mammal producing horizons a few 
miles away (up ancestral-North Platte drainage during 
Oligocene). Future detail studies of this plant data will 
proving the rate of climate change across the 
Eocene/Oligocene boundary in central North America. The 
phytoliths will eventually be used to show exactly which 
plants the various herbivores were eating. Dental plaque 
on ungulate teeth contain phytoliths identified in the 
plants of Swan Lake. Together the forensic science of 
"who is eating whom" and which herbivores are eating 
which plants will result in a true paleoecology of changes 
in the paleoenvironment from Eocene to the Oligocene 
within the White River Formation.  

Breithaupt, B, 1997; North America's most complete 
Oligocene snakes. Tate Museum Publication #2, 1997 field conference guidebook, pp. 75-82.  

Dickson, E D. III and Cunningham, C. R., 1997; Cranial Osteology of a new amphisbaenian from 
the Orellan of Wyoming. Tate Museum Publication #2, 1997 field conference guidebook, pp. 
122-130.  

Evanoff, E, 1993, Stratigraphy of the White River Formation Converse County, Wyoming [Ph.D. 
Thesis]: Boulder, University of Colorado, 298 p.  

Evanoff, E., Prothero, D. R., and Lander, R. H., 1992, Eocene-Oligocene climatic change in North 
America: The White River Formation near Douglas, east-central Wyoming in Eocene-Oligocene 
climatic and biotic evolution, Princeton University Press, pp. 116-130.  

Kron, D. G., 1978, Oligocene vertebrate paleontology of the Dilts Ranch area, Converse County, 
Wyoming [M. S. Thesis]: Laramie, University of Wyoming, 185 p.  

Prothero, D. R., 1996, Magnetic stratigraphy of the White River Group in the High Plains, in The 
Terrestrial Eocene-Oligocene transition in North America, Prothero, D. R. and Emery, R. J. eds., 
Cambridge University Press, pp. 262-277.  

http://www.douglasfossils.com/swanlake.html
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Prothero, D. R., 1983, Magnetostratigraphy of the White River Group and its implications for 
Oligocene geochronology: Palaeogeography, Palaeoclimatology, Palaeoecology, v. 42, p. 151-
166.  

Prothero, D. R. and Swisher, C. C., 1992, Magnetostratigraphy and geochronology of the 
terrestrial Eocene-Oligocene transition in North America in Eocene-Oligocene climatic and 
biotic evolution, Princeton University Press, pp. 46-73.  

Scott, J., 2000, High Precision U/Pb Geochronology of Oligocene Tuffs from the White River 
Formation, Douglas, Wyoming, SVP abstracts with programs, Journal of Vertebrate 
Paleontology, V.20 , No.3 , p.69A  

Sundell, C. A., 1998; Orellan vertebrate burrows from Douglas, Wyoming: Their structure, 
inhabitants, and paleoecological implications, Journal of Vertebrate Paleontology, V. 18, No. 3, 
p. 81A.  

Sundell, K. A., 1997a; Oreodonts: Extinct large burrowing mammals of the Oligocene. Tate 
Museum Publication #2, 1997 field conference guidebook, pp. 31-43.  

Sundell, K. A., 1997b; Population statistics and preliminary biostratigraphy of an extensive 
vertebrate fauna from the White River Formation in Wyoming. Tate Museum Publication #2, 
1997 field conference guidebook (abstract) p. 138.  

Sundell, K. A., 1998; Hyaenodon: Nemesis of burrowing oreodonts, Journal of Vertebrate 
Paleontology, V. 18, No. 3, p. 81A.  

Sundell, K. A., 1999; Taphonomy of a Multiple Poebrotherium kill site - an Archaeotherium meat 
cache, Journal of Vertebrate Paleontology, V. 19, No. 3, p. 79A.  

Sundell, K. A., 2001; Preliminary Paleoecology of the Swan Lake Quarries: An Orellan plant, 
invertebrate, and vertebrate bearing lake deposit from the White River Formation, Converse 
County, Wyoming Journal of Vertebrate Paleontology, V. 21, No. 3, p. 106A.  

Sundell, K, A, 2006, Burrowers of the Oligocene: Taphonomic Studies and Interpretation of the 
White River Underground in Tate 2006 Guidebook -Trackways and Trace Fossils, 12th annual 
symposium, pp. 73-77.  

Swisher, C. C. and Prothero, D. R., 1990, Single-crystal 40Ar/39Ar dating of the Eocene- 
Oligocene transition in North America: Science, V. 249, p. 760-762.  
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FIELD TRIP ROAD LOG    DAY 2   AUGUST 20, 2017 

STOP 1      Exhumed Paleozoic Meteor Impact Craters near Douglas, WY. 

STOP 2 Mammal Fossils White River Formation (33 Ma) near Douglas, WY. 

Start     La Quinta Inn, Casper, Wyoming         DIST.       CUM. 

Headed south from parking lot turn right onto frontage road to Poplar Street                       0.1 mi    0.1 mi 

Turn left on Poplar Street, go under overpass and turn left entering south bound                 0.1 mi    0.2 mi          

Interstate 25. 

Hat Six Road exit at easternmost edge of Casper.  Note the pine tree-covered grey sandstones within 

and primarily south of the interchange.  This is the Teapot Sandstone Member of the Mesaverde 

Formation that we saw yesterday.  It forms the top of the formation and is overlain by the Fox Hills 

Sandstone observed for the next several miles as small sandstone outcrops along the interstate and to 

the north, at 9 0’clock, a broad syncline, plunges northward away from the North Platte River composed 

of sandstones in the Fox Hills Sandstone Formation of late Cretaceous age.                            1.8 mi   2.0 mi 

As we drive eastward between Casper and Glenrock, Wyoming we traverse the southern margin of the 

Powder River Basin, driving on upper Cretaceous rocks of the Fox Hills Sandstone, Mesaverde, and Cody 

Shale Formations.  To the south the eastern plunging end of the Casper Mountain structure can  be seen 

with tight folding of the Paleozoic rocks at the easternmost edge of the mountain.   

At Glenrock, Wyoming, between the west and east exits, we cross Deer Creek, which heads in the 

Laramie Mountains about 10 miles south of the interstate.  Deer Creek forms a large Canyon that cuts 

through the dominantly Paleozoic mountain front, exposing Precambrian granites, granitic gneisses, and 

a variety of high grade metamorphic rocks from 2.8 -3.2 Ba.  A large south-dipping thrust fault is 

exposed at the mouth of Deer Creek Canyon, thrusting Paleozoic carbonates and Precambrian granitic 

rocks over late Cretaceous shales and sandstones.                                                                      24.5 mi 26.5 mi 

From Glenrock to Douglas, Wyoming we drive eastward along the southern margin of the Powder River 

Basin and north of the Laramie Range mountain front.  The rocks change from Cretaceous sandstones 

and shales near the Dave Johnson Power Plant east of Glenrock to pinkish mudstones (in road cuts) and 

resistant pale green coarse sandstone stream channels forming most hard rock outcrops. As we 

approach Douglas, Wyoming, red, purple, green, tan variegated mudstones may be seen in outcrops 

north of the interstate often forming low hills.  These are Early Eocene Wasatch Formation rocks about 

53-55 Ma.    The red and purple colors indicate paleosols formed when Wyoming was much warmer and 

wetter, covered by a heavy canopy forest full of primates, 18 inch tall horses (Hyracotherium), and 8 

foot tall birds (Diatryma) that ate the horses and were top predator at that time.   



46 | P a g e  
 
 

West Douglas Exit  I-25                                                                                                                  21.1 mi   47.6 mi 

Turn right (east) at first stoplight entering Douglas                                                                   0.8 mi   48.4 mi 

(Possible rest room stop at Mc Donald’s or other Douglas, WY). 

Turn right (south) onto Esterbrook Road and go under I-25 overpass                                   0.3 mi   48.7 mi 

A 10-mile-long, 1,000 foot offset normal fault goes under the town of Douglas, Wyoming separating 

Early Eocene Wasatch Formation to the north of the Interstate and town of Douglas from Late Eocene 

and Oligocene White River Formation south of the fault. This fault is part of post-Laramide extensional 

tectonics, commonly found along Laramide mountain fronts due to relaxation after Laramide 

compression uplifted the mountains and down warped the basins- in this case forming a graben that 

began filling with sandstones and mudstones in an aggrading overbank stream system environment 

(ancestral North Platte River).  This change in tectonics coincided with world-climatic change across the 

Eocene-Oligocene boundary as Antarctica moved to the South Pole and the Earth cooled 15 degrees.  

The climate change shifted the plants southward causing primates to migrate southward with the heavy 

canopy forests and eventually forming the New World monkeys in Central and South America.  Most of 

the ungulates (horses, rhinos, camel, deer, etc.) stayed in Wyoming but began adapting to a colder drier 

climate.  The rocks reflect this change by changing colors to tan, pinkish, and pale green colors of a more 

alkaline and oxidizing environment perfect for preserving bones and teeth, but only rarely are 

carbonaceous plant fossils preserved. 

The “Chalk Butte” cliffs to the right (south) are small remnants of Miocene Ogallala Formation in the 

center of the graben.   They are mainly composed of grey massive ash-rich sandstones containing few 

fossils.                                                                                                                                                    1.0 mi  49.7 mi 

 

Esterbrook Road generally follows just south of the North Platte River for the next 6 miles driving across 

the White River Formation with only a few localized badlands outcrops exposed.  In about 4 miles, 

Jackrabbit Mountain rises up along the north side of the Platte River exposing Mesozoic rocks in a well-

exposed north dipping section including the Early Cretaceous Lakota.  We will drive along the crest of a 

breached anticline with Triassic redbeds forming the core surrounded by higher hills of younger 

Mesozoic rocks, including a very white eolian beach sandstone named the Canyon Springs Sandstone 

Member of the Sundance Formation. 

Turn right from pavement on to gravel Wagonhound 

Road headed south.  Drive across a tightly folded 

syncline of Mesozoic rocks and then primarily across redbeds of the Triassic Chugwater             

Formation.                                                                                                                                            5.6 mi   55.3 mi                                                                                                                                      

Cross cattle guard.  Rock Quarry and largest impact crater is visible to the south and lies just east (left) of 

the crushed limestone/sandstone road base quarry.                                                                   2.1 mi  5 7.4 mi 
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Enter rock quarry private road to the right.  The quarry is mining the Casper Formation as road base a 

mixture of limestone and sandstone.                                                                                              0.4 mi   57.8 mi 

Stop # 1 (Day 2) Meteor Impact Craters Site.   Stop before entering quarry at base of north dipping 

Pennsylvanian age Casper Formation.  A porta-potty is available at the parking site.  The hike up to the 

largest impact crater will take about 30 minutes up a moderately steep slope.   Several hours will be 

available to explore the nature of these impacts.  Five impacts are reported in the short paper by 

Kastings and Huntoon, but my recent drone flights indicate probably at least 8 impact craters are 

observable within about a ¼ mile square area and a possible larger buried impact may occur beneath 

younger cover rocks where we are parking.  The craters are exhumed craters, yet still retain much of the 

original crater form due to the very hard (quartzite) nature of the upper Casper Formation and soft 

redbeds of overlying Goose Egg and Chugwater Formations have been eroded off the 25 degree north 

dipping slope of Sheep Mountain Anticline. The age of impacts is probably late Pennsylvanian, but may 

be as young as the Permian/Triassic boundary.                                       

0.3 mi  58.1 mi 

Lunch may be eaten either at the end of this stop before driving to the White River Badlands or at a rest 

area near the badlands with much better rest room facilities. 

Return to Douglas, Wyoming.  Turn right at Anderson Dairy Bridge road.                              6.6 mi  64.7 mi 

Bridge over North Platte River.                                                                                                        0.6 mi  65.3 mi 

Turn Left (west) on Irvine Road towards Douglas                                                                         0.4 mi  65.7 mi 

Under Interstate 25 overpass                                                                                                           0.8 mi  66.5 mi 

Turn Right at stop sign and cross railroad Tracks                                                                          0.2 mi  66.7 mi 

Turn Left at stop sign                                                                                                                          0.1 mi  66.8 mi 

Turn Right on to Richardson Street in Douglas, Wyoming                                                           0.6 mi  67.4 mi 

Follow Richardson Street east out of Douglas and goes past east Douglas interchange of I 25 onto 

frontage road. Driving on White River Formation and begin to see badlands exposures on both sides of 

road below radio tower hill.                                                                                                               2.3 mi  69.7 mi 

Frontage Road goes under Interstate 25.                                                                                        4.1 mi  73.8 mi 

Turn Right beneath power line onto private Ranch boundary at locked gate.                         0.3 mi  74.1 mi 

Follow two track road to overview of White River Formation Badlands.                                  0.7 mi  74.8 mi     
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Stop #2 (Day 2) White River Formation Badlands Fossil Collecting.  

 

Collect Oligocene (33 Ma) mammal and reptile fossils from Badlands                                     1.0 mi   75.8 mi  

(Possible rest room stop at Mc Donald’s or other Douglas, WY). 

Return to Casper and La Quinta Inn planned by 4:30 PM.                                                    57.5 mi  133.3 mi                   

          END    FIELD   DAY  
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SKY CHART  CASPER, WY   AUGUST 20  9 PM             

Recommended Smart Phone Apps  STARMAP  or   SKY SAFARI 

SOUTH 

Caution on tripping in dark sky sites. We will use red lights to preserve night vision. 
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Astronomy Equipment 

TELESCOPES:  REFLECTOR vs REFRACTOR 

 

  

Dobsonian Reflector Telescope 
 

80mm f/7.5 Apochromatic Refractor 

Telescope with white light solar filter. 
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  15x 70mm Astronomical Binoculars 
 

 Solar Telescope with H-Alpha Etelon Filter
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SUMMER SKY 
   

OBJECT / NAME 
DESCRIPTION / 
CONSTELLATION MAGNITUDE(s) DISTANCE (LY)  

    
Polaris - Alpha UMi Variable Double Star in Ursa Minor 

2.0 and 9.1 
(18.2") 430 

Mizar - Zeta UMa Double Star in Ursa Major 
3.8 and 2.2  
(14.6") 86 

Andromeda Galaxy - M 31 Spiral Galaxy in Andromeda 3.3 (179') 2.5 MLY 

Whirlpool Galaxy - M 51 Spiral Galaxy in Canes Venatici 8.0  (13.8') 28 MLY 

Sunflower Galaxy - M 63 Spiral Galaxy in Canes Venatici 9 27 MLY 

Messier 3 Globular Cluster in Canes Venatici 6.2  (18') 33,000 

Messier 5 Globular Cluster in Serpens 5.6  (23') 24,000 

Messier 52 Open Cluster in Cassiopeia 7.2 5000 

Alfirk - Beta Cep Variable Double Star in Cepheus 3.2 690 

Cat's Eye Nebula - NGC 6543 Planetary Nebula in Draco 9.8 (20") 3262 

Hercules Cluster - M 13 Globular Cluster in Hercules 5.8  (20') 23,000 

Messier 92 Globular Cluster in Hercules 6.4  (14') 27,000 

Ring Nebula - M 57 Planetary Nebula in Lyra 8.8  (1.4') 1400 

Messier 12 Globular Cluster in Ophiuchus 7.7 15,700 

Messier 10 Globular Cluster in Ophiuchus 6.4 14,300 

Messier 15 Globular Cluster in Pegasus 6.2 33,000 

Double Cluster - NGC 884 Open Cluster in Perseus 3.8 7600 

NGC 7000 N. America Nebula Diffuse Nebula in Cygnus 4.0  (120') 2600 

Trifid Nebula - M 20 Bright Nebula in Sagittarius 6.3  (20') 5200 

Omega Nebula - M 17 Bright Nebula in Sagittarius 6.0  (11') 5500 

Lagoon Nebula - M 8 Bright Nebula in Sagittarius 6.0  (90') 4100 

Messier 22 Globular Cluster in Sagittarius 5.1  (32') 10,000 

Sagittarius Star Cloud - M 24 Open Cluster in Sagittarius 4.6  (90') 10,000 

Antares - Alpha Sco Double Star in Scorpius 0.6 and 5.5  550 

Wild Duck Cluster - M 11 Open Cluster in Scutum 6.3 6200 

Eagle Nebula - M 16 Bright Nebula in Serpens 6 7000 

Pinwheel Galaxy - M 33 Spiral Galaxy in Triangulum 5.7  (70') 2.4 MLY 

Mizar - Zeta UMa Double Star in Ursa Major 
2.2 and 3.8  
(14.6") 86 

Bode's Nebulae - M 81 Spiral Galaxy in Ursa Major 6.9    (27') 11.8 MLY 

Bode's Nebulae - M 82 Spiral Galaxy in Ursa Major 8.4   (11') 12 MLY 

Pinwheel Galaxy - M 101 Spiral Galaxy in Ursa Major 7.9  (24')  23 MLY 

Whirlpool Galaxy - M 51 Spiral Galaxy in Canes Venatici 8.0  (13.8') 28 MLY 

Formalhaut Variable Double Star in Picses Aust 1.2 and 6.6 (16') 25 
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Facing South around 10 PM August 20 

 

 

 

Core of the Milky Way Galaxy 
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MAP OF OUR MILKY WAY GALAXY 
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M81 and M82 Galaxies in Ursa Major 

 

M13 Globular Cluster in Hercules  M16 Star Forming Nebula in Serpens 

“Pillars of Creation” 
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TOTAL SOLAR 

ECLIPSE 

Total Solar Eclipse Diamond Ring July 11, 1991 Baja California-  Don Clarke  
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 “Solar and Lunar Eclipses; Their Nature and Role in Human History and the 
Development of Science; from Harbingers of Doom, Cosmic Chaos, and Good 
Fortune to the Revolutionary Relativity of Einstein, Finding Extrasolar Planets 
and Beyond.”  
 
By Karl S. Osvald  
Casper Wyoming  
May 16, 2017  
 
Solar and Lunar eclipses are a periodic outcome of the dynamic orbital and tidal interplay of the 
Earth, Moon, and Sun system. This system’s history and nature has been an integral part of 
Earth history and will continue to be so for some time into the future. Although the history of 
relationship of human beings with eclipses predates our rise to consciousness as a species, 
intelligence and civilization, on the individual level there are few natural phenomena that 
continue to touch one as riveting as experiencing an eclipse, rather it be solar or lunar.  
 
Eclipses can be held as rare events; there hasn’t been a cross-US total eclipse since 1918. They 
can also be frequent enough so as to be perceived as periodically impacting historic, economic, 
cultural, political, religious and scientific events. Every culture on the planet has some record of 
eclipse observation and utilization---rather it be for spiritual purposes or technological 
applications. Eclipses, in the modern sense, have and continue to fuel the ongoing 
observational efforts of a broad professional community of practice that ranges from time 
keepers, calendar makers, navigators, surveyors, and cartographers to geophysicists, 
geodesists, astronomers and planetary scientists. In the everyday sense, eclipses can still 
dramatically confront us personally with our place in the universe.  
 
Through successive efforts at observation and analysis by a few thoughtful individuals over 
several millennia, eclipses have been transformed from a fearsome, periodic, omen or portent 
of cosmic events to a tourist attraction and scientific observational experiment. The pre-
scientific success of the astrologers of ancient China and Babylon, the high priests of the Maya, 
Native Americans, and others show how different societies interpreted these periodic, 
dramatic, celestial events and their cultural importance. Ancient Greek philosophers first 
discovered eclipses' cause and used them to measure their world and the cosmos beyond more 
than 2,500 years ago. The global efforts of the newly emerging nation states of the past five 
hundred years for power and wealth drove the development of universal navigation and time 
keeping methods based on application of an understanding of eclipses in terms of the interplay 
of the orbital dynamics of the Sun, Moon and Earth. This understanding required maintenance 
of eclipse records and projected occurrence data of time and dates. National commitments to 
conduct continuous astronomical observation programs were now required and valued for time 
keeping, calendar maintenance, navigation, surveying, and cartography. Beneficial, related, 
outcomes included not only the rise and growth of global commerce and travel, but recognition 
of the importance of public, national, investments in science in general. European Victorian-era 
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scientists mounted and competed in sensational globe spanning eclipse expeditions that 
established new achievements in science and human exploration.  
 
Current-day physical scientists continue to use eclipses to test physical theory such as Einstein's 
general theory of relativity, while planetary scientists and astronomers use eclipse studies to 
understand our star, the Sun; evaluate risks posed by solar weather hazards; and to develop 
methodologies to search for planets beyond our Solar System.  
 
In any case, eclipses continue to awe, inspire, and, yes, sometimes cause us to pause and take 
stock of the fact that we share a planet and a life with a wider cosmos. 
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Aveni, Anthony. 2017. In the Shadow of the Moon; The Science, Magic, and Mystery of Solar 
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New York. NY.  
 
Bakich Michael E. 2016. Your Guide to the 2017 Total Solar Eclipse, The Patrick Moore Practical 
Astronomy Series. Springer International Publishing Switzerland.  
 
Dvorak, John. 2017. Mask of the Sun; The Science, History, and Forgotten Lore of Eclipses. 
Pegasus Boks. New York. NY.  
 
Espenak, Fred and Jay Anderson. 2015. Total Solar Eclipse of 2017 August 21, Color Edition. 
Eclipse Bulletin. Astropixels Publishing. Portal AZ  
 
Fabian, Stephen M. 2002. Patterns in the Sky; An Introduction to Ethonosastronomy. Waveland 
Press, Inc. Long Grove. Ill.  
 
Golub, Leo and Jay M. Pasachoff. 2014., Nearest Star: The Exciting Science of Our Sun, 2nd ed. 
Cambridge University Press. New York. NY.  
 
Harrington, Philip S. 1997. Eclipse!; the What, Where, When, Why & How Guide to Watching 
Solar & Lunar Eclipses. John Wiley & Sons, Inc. New York NY.  
 
Hoult, Janet Cameron. 2013. Where Did the Sun Go?; Myths and Legends of Solar Eclipses 
Around the World told with Poetry and Puppetry. Outskirt Press Inc.  
 
Huth, John Edward. 2013. The Lost Art of Finding Our Way. The Belknap Press of Harvard 
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Einstein and Exoplanets. Basic Books. New York.  
 
Passachoff, ZJat M. 2016. Peterson Field Guide to the Stars and Planets, 4th ed. New York: 
Houghton Mifflin Harcourt. New York. NY.  
 
Percival, Chap. 2015. Go See the Eclipse and Take a Kid with You; Preparing for the August 21, 
2017 Total Solar Eclipse. Bee Ridge Press. Sarasota. FL.  
 
Rusk, Steve. 2017. America’s first Great Eclipse; How Scientists, Tourists, and the Rocky 
Mountain Eclipse of 1878 Changed Astronomy Forever. Alpine Alchemy Press.  
 
Schatz, Dennis & Andrew Fraknoi. 2016. Solar Science; Exploring Sunspots, Seasons, Eclipses, 
and More. National Science Teachers Association (NSTA) Press. Arlington VA.  
 
Smith, Vaughn. 2015. August 21, 2017-Total Solar Eclipse Planning Guide. JAVR Smith Holdings, 
Inc. Duncan, BC.  
 
Steel, Duncan. 2001. Eclipse; the Celestial Phenomenon that Changed the Course of History. 
Joseph Henry Press. Washington DC.  
 
Taylor, Ken. 2012. Celestial Geometry; Understanding the Astronomical Meanings of Ancient 
Sites. Watkins Publishing. London. UK.  
 
Williamson, Ray A.. Living the Sky; the Cosmos of the American Indian. University of Oklahoma. 
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Ft. Caspar Rd., Casper, WY, 42°50'19.59"N   106°22'26.83"W 

  



61 | P a g e  
 
 

 

Total Eclipse Venue:   Isaak Walton Lodge 
Ft. Caspar Rd., Casper, WY, 42°50'19.59"N   106°22'26.83"W 
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Ancient Explanations for Solar Eclipse 

Ancient cultures tried to understand why the Sun temporarily vanished from the 
sky, so they came up with various reasons for what caused a solar eclipse. In many 
cultures, the legends surrounding solar eclipses involve mythical figures eating or 
stealing the Sun. Others interpreted the event as a sign of angry or quarreling 
gods. 
Hungry Demons, Thieving Dogs 

In Vietnam, people believed that a solar eclipse was caused by a giant frog 
devouring the Sun, while Norse cultures blamed wolves for eating the Sun. In 
ancient China, a celestial dragon was thought to lunch on the Sun, causing a solar 
eclipse. In fact, the Chinese word of an eclipse, chih or shih, means to eat. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
A popular MODERN misconception is that solar eclipses can be a danger to 
pregnant women and their unborn children. In many cultures, young children and 
pregnant women are asked to stay indoors during a solar eclipse. 
  

  

https://www.timeanddate.com/eclipse/solar-eclipse-history.html
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   The Experience of Totality         
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   The Experience of Totality 
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   The Experience of Totality 

Littmann, Mark and Fred Espenak. 2017. Totality; the Great American 
Eclipses of 2017 and 2014. Oxford University Press. New York. NY.  
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Positions of four visible planets during 
Totality in Aug 21, 2017 Eclipse 

Total Eclipse Duration: 2 minutes 27 seconds 
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Casper UTC -6 Hours 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



70 | P a g e  
 
 

 



71 | P a g e  
 
 

 

  



72 | P a g e  
 
 

 



73 | P a g e

AT THE AAPG BOOK STORE 

“All long-range 
programs for 
human 
exploration and 
settlement of 
the solar system 
recognize the 
vital role that 
extraterrestrial 
energy and 
mineral 
resources must 
play in support 
of human 
habitation of 
near Earth 
Space and the 
Moon, Mars, 
and the 
Asteroids.”
Produced in 
collaboration 
with the AAPG 
Energy Minerals 
Division and the 
AAPG 
Astrogeology 
Committee. 

Memoir 101: All 9 Chapters

http://www.i2massociates.com/downloads/Memoir101-T0fC2016.pdf
http://www.i2massociates.com/downloads/Memoir101-T0fC2016.pdf
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Douglas (Impact) Crater Observations May 31, 2017 

200 m 
50 m 

Douglas, WY (Impact) Crater  
Observations May 31, 2017 

Height to Depth 
1:5 
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Douglas (Impact) Crater Observations May 31, 2017 
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Douglas (Impact) Crater Observations May 31, 2017 
Steep Rim Dips 
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Crater In-Situ Brecciation 
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Crater In-Situ Brecciation 
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Crater In-Situ Brecciation 
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Iphone pics 
Crater Fractures 
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Outcrop Photos of K- T Boundary 2017 
w/ Dr. Kent Sundell, Casper College, Wy.
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   Wyoming K-T Boundary Thin-Sections 
A Preliminary Assessment 

               by 
              Henry M. Wise, P.G., C.P.G. and Michael D. Campbell, P.G., P.H., C.P.G. 

     April 21, 2018 

Source of two samples below.

Information from Belchera, et al., (2009): 

Ejecta Layer 

Fireball Layer 

Re-Worked Fireball Layer 

Melt Sphecules 

Ejecta Layer 

Cretaceous 

Teriary 

K-T Boundary 

Note: Although Belchera, et al. reported on the PNA content of the carbonaceous 
material in their samples, our samples came from an area where coal/lignite are 
known just below the K-T boundary, which might explain why we found charred 
woody fragments incorporated in both the ejecta layer and in the "fireball" layer in 
our samples.  
 

http://aipg-tx.org/_docs/Belcher2009.pdf
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   60X Plain Light 

 

 

 150X Plain Light 

                                               Fine-grained, angular and well-rounded quartz fragments  
                                                                 (white grains, large and very small grains) with large and  
                                                                 small fragments of carbonized wood fragments (vitrinite)). 
                                                                Carbonized wood fragments probably responsible for dark-brown 
                                                                color (upper) and part of air-borne ash. 

Top of Thin Section 

  Fireball Zone 

            

              Ejecta Layer 
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              150 X Plain Light 
Encapsulated carbonized wood fragments within silica (?) in ash zone. 

Fine ash of carbonized wood (Vitrinite) in zone at top of section 

 

                     150X Plain Light 
No indications of Shocked Quartz but Requires Crossed Nicols 

 to Confirm and Other Mineral IDs. 

 

                   600X Plain Light 
Carbonized Wood Fragment (Vitrinite).  

 

Vitrinite Laminae 
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Wyoming Red Rock Thin Sections 
 

 

                                                          150X Plain Light 
                                                                             Slightly Rounded to Angular Quartz Grains with Ferruginous  
                                                                              Fine-Grained Crystalline Particles Scattered over the Field 
                                                                               in the Interstices of Dark Red to Yellow Color. May be Very 
                                                                               Fine-Grained Siderite (?); See Figure Below. 

 

                         600X Plain Light 
    Some Evidence of Shocked Quartz but Requires Crossed  
    Nicols to Confirm.  See Ferruginous Crystalline Material. 

https://www.google.com/search?q=crossed+nicols+polarization&tbm=isch&tbo=u&source=univ&sa=X&ved=0ahUKEwidkNi5-sraAhUQQq0KHak4CSsQsAQIQQ
https://www.google.com/search?q=crossed+nicols+polarization&tbm=isch&tbo=u&source=univ&sa=X&ved=0ahUKEwidkNi5-sraAhUQQq0KHak4CSsQsAQIQQ
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