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 This issue of the Oklahoma Geology Notes reports 
on the efforts to properly conserve, and prominently 
display, the first geologic map of the Oklahoma 
Territory, prepared by Charles N. Gould, who was 
a geologist for the Oklahoma Territorial Geological 
and Natural History Survey, and later became the first 
director of the Oklahoma Geological Survey (OGS).  
The map was drawn in 1904, just four years after Gould 
came to Oklahoma, and just six years after the creation 
of the Territorial Survey. Old maps are a remarkable 
source of fascination for many geologists. We are 
commonly impressed by how careful, perceptive, and 
productive early geologists were. Gould and his team 
had very little prior information, yet they mapped a 
significant fraction of the state in those four years. The 
next geologic map, which covered the entire state, was 
prepared by Hugh Miser in 1927. Miser updated this 
map in 1954, and even though he was guided by a much 
more refined stratigraphic column, many contacts match 
up fairly well with Gould’s map drawn 50 years earlier. 
 The new map the OGS is preparing, which is 
estimated to be completed within the next 10 years, 
will continue the refinement of Gould’s original, and 
reflect the important evolution of sedimentary geology 
and of our understanding of the evolution of the earth 
over nearly 70 years, including the revolutionary 
effects of plate tectonics on that understanding.  Yet, 
the hard and thoughtful work of our predecessors will 
continue to be reflected in the product.  No matter how 
the interpretations change, good data are still good 
data, and must be incorporated in our maps, reports, 
and other publications.  Gould’s contributions will be 
memorialized in the Laurence S.Youngblood Energy 
Library, but also in the minds of the geologists who 
stand on his shoulders.  All are invited to visit and view 
this vital piece of Oklahoma history.
 The second part of this edition of the Notes is a 
discussion of the formations that constitute the shale 
resources of Oklahoma from organic petrologist, coal 
geologist and source rock expert, Brian Cardott.  He 
focuses on the three most important shale formations, 
as measured by the number of shale gas and tight oil 
wells completed in them:  the Woodford, Caney, and 
Goddard/lower Springer shale units.  The Woodford 
particularly has long been known as a source rock, 

Jeremy Boak
OGS Director

A Historic Map and  
Oklahoma’s Shale Resource Plays

but has come into its own as a reservoir with the 
development of long reach horizontal wells and 
multistage hydraulic fracturing.  The current boom in 
the South Central Oklahoma Oil Province (SCOOP) 
and the Sooner Trend Anadarko Canadian Kingfisher 
(STACK – also a convenient reference to its multiple 
stacked target zones) plays depends in large part upon 
production from the Woodford.  It is also producing 
from overlying limestone of the Mississippian (in the 
STACK) that was charged largely by the Woodford 
source rocks, as well as the more recently developed 
Springer Shale (in the SCOOP).  These shale gas and 
especially tight oil plays have taken on great importance 
as lower oil prices and restrictions on produced water 
injection have slowed production from other plays that 
had their own boom in the earlier part of this decade 
— the Hunton and Mississippian Limestone plays in 
central and northwestern Oklahoma. 

 As always, the OGS welcomes comment on these 
articles and input on topics of interest to the Oklahoma 
geologic community.  Feel free to communicate directly 
with the authors, or with me if you have questions 
or thoughts on the land, mineral, water, and energy 
resources that keep our geologists questing for new 
knowledge of the earth beneath us.
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Conserving Oklahoma’s  
First Geologic Map

by BRITTANY PRITCHETT with JIM ANDERSON

THE DISCOVERY

HE first geologic map of Oklahoma underwent 
professional conservation and preservation 
these last two years and will soon be on display 

in the Laurence S. Youngblood Energy Library in Sar-
keys Energy Center (Figure 1). After decades of resid-
ing in an Oklahoma Geological Survey (OGS) store-
room, hidden under miscellaneous maps and boxes, 
OGS cartographer Jim Anderson and I re-discovered 
the map in June 2014 while searching for other maps. 
Looking at the map with the handwritten notes, con-
tacts, and water coloring, Anderson and I immediately 
knew we had something special. The colors were vi-
brant, and, with the exception of three damaged areas, 
it appeared to be in decent shape. The printed title and 
date on the paper read “Map of Oklahoma Territory, 

1898”, nine years before statehood, but a handwritten 
note in the margin read “Preliminary Geological map 
of Oklahoma, 1904”, followed by “Chas. N. Gould”. 

THE HISTORY

 The early 1900s in Oklahoma were a time of great 
change for the territory. Just a decade prior, the land 
run of 1889 and its successors opened up the unas-
signed lands to new settlers. With Native American 
resettlement on-going since the 1830s, coupled with 
the onslaught of settlers in the 1890s, the population 
of the fledgling territory grew rapidly during the 19th 
and early 20th centuries.  From the years 1890 to 1907 
alone, the population of Oklahoma Territory swelled 
from 78,475 up to 733,062 people (US Census, 1907). 
Hastened along with a push for statehood, the territory 

4
Figure 1. The first geologic map of Oklahoma created by Charles Gould. See large version of map on pages 16-17. 

T

http://ogs.ou.edu/docs/geologynotes/GN-V76N2F1A.pdf
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and federal government recognized the need to investi-
gate the water and mineral resources in order to lay the 
groundwork for infrastructure, agriculture, and indus-
try for the future state. In 1898, an act by the fifth ses-
sion of the Legislative Assembly of Oklahoma Territo-
ry established the Oklahoma Territorial Geological and 
Natural History Survey “for the purpose of beginning 
and continuing the geological and scientific survey of 
this territory, and of discovering and developing its 
natural resources, and disseminating informa-
tion in regard to its agriculture, mining, and 
manufacturing advantages” (Van Vleet, 
1902, p. 9). 

 Charles N. Gould, “the father of 
Oklahoma geology” (Figure 2), came to 
Oklahoma in 1900 to serve as a geologist 
for the Oklahoma Territorial Geological 
and Natural History Survey and to found 
the University of Oklahoma’s School of 
Geology. This historic map, drawn by Gould in 
1904, was the result of less than four years 
of geologic mapping and reconnaissance by 
the Territorial Survey. The final version of the map was 
published in 1905 in Gould’s United States Geological 
Survey (USGS) Water-Supply Paper (WSP) 148: Geol-
ogy and Water Resources of Oklahoma. WSP 148 also 
served as Gould’s PhD dissertation at the University of 

Nebraska, where the thesis on file is a USGS printed 
copy of WSP 148. 

 According to the letter of transmittal at the begin-
ning of WSP 148, the goal of the paper was to “[shed] 
light upon the water resources of this section, regard-
ing which but little has hitherto been known, and will 
be of considerable value in the development of this 

portion of the country” (Newell in Gould, 1905) 
To accomplish this goal, Gould needed to first 

examine the geology of Oklahoma Territory: 
“As the conditions of the water supply de-
pend almost wholly upon the character and 
position of the rocks, it is necessary to 
outline the geology of the Territory before 
giving a detailed description of the water 
supply” (Gould, 1905, p. 22).

 Before 1900, very little geologic 
information was known about the territory. 

According to an account by Gould:

“When I came to the University 
of Oklahoma in 1900 and organized the 

department of Geology there was need for 
a geologic map, but none was available. In 
fact at that time there was almost nothing 
known regarding the geology of either Okla-
homa or Indian territory. At that time it was 

5

Dr. Charles Gould 

Figure 2. Charles Gould, “the father of Oklahoma geology”, is shown here collecting fossils at a site near Perry during an 
early expedition. This photo, and the photo of Gould above and of Joseph A. Taff on pg. 9, are courtesy of the Western 
History Collections on the University of Oklahoma campus in Norman. 
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Figure 4. Gould and members of his team standing next to his covered wagon. Gould is on the far right, wearing the 
white shirt. Photo courtesy of the Western History Collections on the University of Oklahoma campus in Norman. 
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Figure 3. French 
geologist Jules 
Marcou’s map drawn 
from notes taken during 
the Whipple expedition. 
Zoomed section 
includes modern 
Oklahoma. Image 
enhanced by  
Jim Anderson.

Granitic & Metamorphic
Erupted basalt or trappean rock
Extinct Volcanoes & Lava 
Carboniferous limestone & Devonian (?)
Carboniferous sandstone
Gypsum formation
Cretaceous
Tertiary (outcrops)
Alluvial and detritus

http://ogs.ou.edu/docs/geologynotes/GN-V76N2F3.pdf
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a virgin field, all unexplored.” (Gould, 1927, 
University of Oklahoma Western History 
Collection).

 American military expeditions crisscrossed the 
territory in the 19th century, and French and Spanish 
explorers before that, taking rudimentary notes on the 
geology of Oklahoma. Prior to Gould, the most exten-
sive study was undertaken by French geologist Jules 
Marcou in 1853 when he accompanied the Whipple 
expedition through modern day Oklahoma (Whipple, 
1856; Marcou 1856; Hill, 1887). The Whipple expedi-
tion was charged by the U.S. Secretary of War—and 
future Confederate President—Jefferson Davis with 
exploring along the 35th parallel for a railroad route to 
the Pacific. The Expedition traveled from the Missis-
sippi River in Louisiana to the Pacific Ocean near Los 
Angeles (Figure 3). Their Oklahoma traverse followed 
a route resembling modern day Interstate 40, moving 
along the Canadian River from Fort Smith, Arkansas to 
the Antelope Hills in Ellis County, Oklahoma. Along 
their 1,892 mi. route, Marcou took detailed notes and 
mapped in swaths ranging from 25- to 50-mi. wide for 
the U.S. War Department (Whipple, 1856). The Whip-
ple expedition was actually one of five parallel expe-
ditions, now known as the Pacific Railroad Surveys. 
In the end, the private railroad companies decided to 
build the transcontinental railroad along a route from 
Council Bluffs, Iowa to San Francisco, California. 
Nevertheless, the federal surveys provided valuable 
new topographic, geologic, biologic, and anthropologic 
data across approximately 400,000 sq. mi. of the west-
ern United States. 

 While Marcou mapped along a narrow 25- to-50-
mi-wide swath in Oklahoma, roughly 24 million acres 
of Oklahoma Territory still laid predominately unex-
amined by Marcou or other scientists by 1900. Explor-
ing in their covered wagon (Figure 4), Gould and his 
team traversed remote areas, occasionally benefitting 
from “old” established routes such as the Camp Supply 
Trail and the Chisholm Trail. Gould described the field 
party’s transportation:

 “The first Geological Survey Party started 
in June 1900 from the campus of the University 
of Oklahoma here at Norman and travelled by 
covered wagon drawn by two cow ponies, in 
the northern and western parts of the territory 
of Oklahoma. If we made 20 miles a day we 
were doing well. Each summer from 1900 
until statehood in 1907 was spent in the field 
securing data for a geologic map.” (Gould, 

1927, University of Oklahoma Western History 
Collection).

 Gould relied on Marcou’s map and notes when 
in the vicinity of the Whipple route and even located 
some geologic sites that Marcou had visited:

 “From Taloga we kept on south to Arapaho, 
where we had the horses shod, and then drove 
several miles west where we found, in the hills 
along Barnitz Creek, large deposits of fossil 
oyster shells. In 1853, Jules Marcou…had 
found the same deposits of shells along this 
creek, which he called Comet Creek.” (Gould, 
1959, p. 89). 

 Gould named these rocks the Comanche Series, 
which included all of the Lower Cretaceous rocks in 
Oklahoma. If you look closely at Gould’s map of west-
ern Oklahoma, you can see small “Co”s dotting the 
geologic map where Gould identified his Comanche 
Series. He described it as such:

“In general the Comanche or Lower 
Cretaceous rocks in Oklahoma consist of 
limestone and shales. In many of the western 
counties these deposits are found on hillsides 
and are known locally as ‘shell rock,’ because 
they are composed largely of fossil shells be-
longing chiefly to some member of the oyster 
family. Outcrops of the Comanche series are 
known to occur in the following counties: 
Woodward, Dewey, Custer, Day, Washita, 
Roger Mills, and Beaver. In every instance 
these rocks lie on the eroded surface of the 
old red beds floor, and in many instances ap-
parently upon the flank of a former pre-Creta-
ceous red beds hill.” (Gould, 1905, pg. 78).

 These same scattered Cretaceous fossil oyster 
deposits were most recently discussed by OGS geolo-
gist Neil Suneson in 2012.  Gould’s Comanche Series 
is now recognized as the Lower Cretaceous Kiowa 
Limestone and Dakota Sandstone (Suneson, 2012). 

 However, Gould and his team were not alone in 
their quest to map modern-day Oklahoma. A con-
temporary to Gould, USGS geologist Joseph A. Taff 
mapped in nearby Indian Territory and is responsible 
for many of our familiar formation and group names in 
the southeast part of the state. Taff also contributed to 
Gould’s 1904 map by helping Gould map the Wichita 
Mountains in 1901. While Taff is not credited on the 

7
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Figure 5. Gould’s 1904 map units (bold type)
compared against currently recognized 
formations and groups. 

geologic map of Oklahoma Territory, Gould did cite 
Taff in the sources section of his WSP 148 in which the 
map was printed: “…in 1901, in connection with Mr. 
Joseph A. Taff, [I] spent a month making a map of the 
Wichita Mountains” (Gould, 1905, pg. 11). From their 
1901 field work Taff and Gould produced a detailed 
map of the Wichita Mountains entitled “Geologic Map 
of the Wichita Mountain Region” that was first pub-

lished in Taff’s 1904 USGS Professional Paper No. 31 
(PP 31) “Preliminary Report on the Geology of the Ar-
buckle Mountains in Indian Territory and Oklahoma”. 
On the map, Taff is listed as first author and Gould as 
second. In the report, Taff cites Gould’s collaboration 
and notes:

 “With the assistance of Mr. Gould all the 

8
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known igneous areas and the contacts be-
tween the igneous masses and the formations 
of stratified rocks were mapped by traverse 
surveys, checked by locations on section and 
quarter-section corner stones.” (Taff, 1904, 
pg. 53).

 Gould and Taff stayed in communication dur-
ing their mapping years, during which Charles 
Gould also reviewed an early draft of Taff’s 
PP 31. His review is available in the Gould 
collection in the University of Oklahoma’s 
Western History Collection. Additionally, 
Taff and Gould’s “Geologic Map of the 
Wichita Mountain Region” was published 
a second time in Gould’s WSP 148. 

THE GEOLOGY

 Gould ended up dividing Oklahoma’s 
geology into 17 different groups, formations, 
and what he named “districts” to describe large 
areas of land with repetitious formations. Some of the 

groups and formations are familiar today such as the 
Chase Group and Blaine Formation. However, most 
of the unit names/terms used on the Gould map have 
since been divided into more formations and formal-
ized (e.g., Gould’s “Igneous” is now defined as the 
Wichita Granite Suite, The Raggedy Mountain Gabbro 
Group, and the Carlton Rhyolite).

 I correlated the Gould units used in the 
1904 map with modern units using the Okla-

homa Geologic Quadrangle (OGQ) maps 
(Figure 5). I also overlaid Gould’s con-
tacts onto Miser’s 1954 Geologic Map of 
Oklahoma for comparison using ArcGIS 
(Figure 6). Gould’s original 17 units can 
be correlated with 59 currently recognized 
formations and/or groups. While Gould’s 

units were much more general than current 
ones, many of his contacts line up remark-

ably well with units on modern maps — espe-
cially considering that Gould’s base map did 
not contain topographic data. The 1904 map 

was originally drafted on an 1898 General Land Of-

Figure 6. Gould’s 1904 map overlaid onto 
Miser’s 1954 Geologic Map of Oklahoma. The 
inset box shows how Gould’s Blaine Formation 
boundaries match fairly well with Miser’s 
mapped Blaine Formation.

Joseph A. Taff

9
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fice (GLO) map made by Harry King, the chief of the 
drafting division of the GLO. This base map contained 
information on relief, drainage, Native American ter-
ritories, districts, roads, trails, and railroads, but not 
topographic data. However, the final published map 
used a different base, which did include general topo-
graphic data (Figure 7). 

 The geologic map of Oklahoma published in WSP 
148 in 1905 used a USGS base compiled from “USGS 
maps, railroad levels, special surveys, and various 
sources” (Gould, 1905). Additional information on the 
sources was not published in the report or on the map. 
When Gould mapped for his WSP 148, most of Okla-
homa territory did not have USGS topographic maps 
available. Oklahoma City, Stillwater, and Norman were 
some of the earliest (1892-1893) locations to have top-
ographic maps (Map available on OGS website). Many 
parts of western Oklahoma did not have published 
USGS topographic maps until the 1940s and 1950s. 
It is likely that the 1905 USGS base map for WSP 
148 was made specifically for that publication. Since 
Gould’s 1904 GLO base map had drainage informa-
tion, his geologic contacts near the river systems match 
the contours on the 1905 USGS map. However, his 
contacts in the Wichita Mountains don’t closely line up 
with the contour data on the 1905 USGS map, suggest-
ing that the contour data were added after Gould had 
already mapped the geology.

 Despite not having topographic data to locate him-
self and draw his geologic contacts on, Gould’s first 
mapping attempt was reasonably accurate, especially 
in the western half of the territory. The Blaine Forma-
tion, Quartermaster (Doxey Shale), Tertiary, and Al-
luvium contacts were particularly close to modern ones 
(Figure 6). The biggest difference between Gould’s 
map and the OGQs are his Hominy and Chandler Dis-
tricts in the east.

 Running over 100 mi., Gould’s contact between 
his Pennsylvanian Chandler District and Permian 
Enid Formation is startlingly straight. The Pennsylva-
nian Chandler-Hominy contact is also a straight line. 
In stark contrast to the detailed mapping in western 
Oklahoma, the easternmost part of the map is blocky 
and generalized. Straight lines are not often found in 
nature, so why would Gould draw these particular con-
tacts this way? Gould himself answered this question 
in his WSP 148:

“The line of separation between the 
Pennsylvanian and the Permian, which 
make up the greater part of the Territory, 
has never been sharply drawn. For reasons 
discussed later this line can not [sic] be 
drawn with any degree of accuracy until 
considerable work has been done in the way 
of tracing formations in northeastern Okla-
homa and until fossils have been collected 

Figure 7. This is the finished geologic map published in 1905 in the USGS Water Supply Paper (WSP) No. 148. 
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and identified.” (Gould, 1905, pg. 28).

 Essentially, Gould was not sure where the Penn-
Perm boundary was south of Osage County so he drew 
a straight line as a space holder until they could figure 
it out. At the time Gould mapped, there was great 
debate about the location of the Penn-Perm boundary. 
In Kansas prominent workers placed it at the base of 
the Wreford Limestone of the Chase Group. In Texas, 
the boundary was not yet identified. Gould, familiar 
with Kansas geology, recognized the Wreford in Osage 
county and adopted this as his Penn-Perm boundary:

“According to the classification of the 
Kansas geologists, notably Prosser, the line 
of separation between the Carboniferous 
and Permian in Kansas has been drawn at 
the base of the Wreford limestone, a ledge 
typically exposed near Junction, Kans., on 

Kansas River.” (Gould, 1905 pg. 34).

 For reference, the Penn-Perm boundary in Okla-
homa and Kansas is now considered to be within 
the Red Eagle Limestone in the underlying Council 
Grove Group, making Gould’s Penn-Perm boundary 
stratigraphically higher than the currently accepted 
one (Figure 8). Gould correctly mapped the Wreford’s 
location, using it as his contact between his Hominy 
District and Chase Formation. Gould also correctly 
noted that Kansas limestones below the Wreford disap-
pear as you head south of the Arkansas River:

 “The Hominy district includes the area 
of outcrop of all the Carboniferous rocks of 
the Osage and Kaw Reservation which lie 
below the Wreford Limestone. The forma-
tions exposed in this district include the 
southern extension into Oklahoma of the 
Pottawatomie, Douglas, Shawnee, Wabaun-
see, Cottonwood, and Neosho formations of 
the Kansas geologists and have a thickness 
of over 1500 feet… To the south the lime-
stones thin out, and in the vicinity of Arkan-
sas River change into red shales.” (Gould, 
1905 pg. 33).

 Geologic units in the early 1900s were typically 
mapped by lithology and not time equivalency. There-
fore, Gould noted that while he believed his Hominy 
and Chandler districts to be time equivalent, he sepa-
rated them by lithology, drawing his contact just south 
of where the Osage limestones cease:

 “The line of separation between the two 
kinds of Pennsylvanian rocks can never be 
sharply drawn, for the reason stated above, 
that while all the rocks are in regular suc-
cession they vary in lithologic character 
along the strike.” (Gould, 1905, pg. 32).

 The disappearance of the limestone beds at the 
Arkansas River, including the Wreford limestone, 
perplexed Gould as he tried to find the Penn-Perm 
boundary south of Osage County. Gould noted that 
there is increasing shale and thinner limestones near 
the Arkansas River, but he mistakenly thought that the 
Wreford continued south and that with more map-
ping it, along with the Penn-Perm boundary, could be 
located: 

“If the Wreford limestone be accepted 
[sic] as the base of the Permian in Kansas, 

11
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Figure 8. Stratigraphic column showing 
Gould’s Permian base versus the modern 
Permian base. 
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Figure 9. This is the USGS “Geologic Map of Oklahoma” published in 1927, which was the first color geologic map of the whole 
state. Map courtesy of Ted Satterfield.

the location of the line of separation is a 
matter of the location of the Wreford in 
Oklahoma…It is probably represented south 
of the river in one of the ledges of limestone 
which are known to occur in the eastern 
part of Noble County, but until it is definite-
ly located the line of separation can only be 
approximated.” (Gould, 1905, pg. 31).

 Gould also assumed the NE-SW strike of his Penn-
Perm boundary in Osage County stayed the same and 
carried it in a straight line all the way to the Canadian 
River to approximate the Penn-Perm boundary south 
of his Hominy District.

“For the present, then, it will be drawn 

roughly through eastern Noble, western 
Payne, eastern Logan and Oklahoma, and 
western Cleveland counties, approximately 
paralleling the Atchison, Topeka and Santa 
Fe Railroad on the east as far as the vicin-
ity of Oklahoma City, near which place it 
crosses that line of road and strikes South 
Canadian River in the Western part of the 
Chickasaw country, west of the Arbuckle 
Mountains, and if carried across the Red 
River, will finally reach the region of the 
western limit of the known Pennsylvanian 
in Texas.” (Gould, 1905, pg. 31-32).

 Gould’s approximated Penn-Perm boundary was 
significantly west of the modern accepted bound-
ary. Most of the rocks in his Pennsylvanian Chandler 
District are in fact now recognized as stratigraphi-
cally higher than the Wreford Limestone (his Permian 
base)—including here in Norman where the Perm-
ian Garber Sandstone and Wellington Formation are 
exposed at the surface. Most rocks of his Chandler 
District are now described as belonging to the Permian 
Garber Sandstone or Wellington Formation with just a 
few small eastern areas belonging to the Pennsylvanian 
Vanoss Formation (Miser, 1954).

 As with any initial work though, Gould knew that 
his early attempts would need revision. In some of 

ONLINE EXTRAS 

 View larger versions 
of Gould’s map and other 
Oklahoma Geologic maps 
mentioned in this article 

on the OGS website: 
www.ou.edu/ogs
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Figure 10. Lyzanne Gann of Dallas, Texas removed the back on the map using a micro-blade. 

his notes about the soon-to-be-published 1927 color 
geologic map of Oklahoma by Hugh D. Miser, Gould 
discusses his WSP 148 map:

“In 1905 the government published a 
bulletin entitled Water Supply Paper No. 148 
of the U.S. Geological Survey, entitled “Geol-
ogy and water resources of Oklahoma”,. [sic] 
This bulletin contained a colored map setting 
forth our knowledge of what was then the 
territory of Oklahoma. Incomplete as it was, 
and full of errors yet, it represented our best 
knowledge as of that date, and up to this good 
year, 1927, no other colored geologic map of 
the state has ever been published.” (Gould, 
1927, University of Oklahoma’s Western His-
tory Collection).

 Not long after the 1905 WSP publication, Oklaho-
ma statehood in 1907 required a new map that covered 
all of the combined Oklahoma and Indian Territories. 
A generalized black and white geologic map of Okla-
homa was produced by Gould in 1911 (Map available 
on OGS website). However, as stated by Gould above, 
another color geologic map was not published until 
1926-27 when Hugh Miser with the USGS published 
his “Geologic Map of Oklahoma” (Figure 9). Miser 
later updated his map in 1954, and it is still in use as 
our state geologic map. Tom Stanley, geologist with 

the OGS, leads the current State Map program, through 
which 93 quadrangles of the state are complete and 
available on our website (www.ou.edu/ogs/). The pro-
gram’s end goal is to have an updated geologic map of 
Oklahoma within the next 10 years.

CONSERVATION

 The Gould Map is a manuscript map, which is a 
working version of a map prior to publication. The 
map appears to have been folded and rolled at one 
time, probably for transportation to and from the field 
or the USGS offices. According to a few OGS employ-
ees, the Gould map hung on the wall in Gould Hall 
before the survey moved to Sarkeys Energy Center.

 The map was in dire need of conservation when 
found in 2014. The frame it was in was broken and 
falling apart. The canvas backing on the map had been 
glued with two different types of glue that were caus-
ing the map paper to deteriorate and shear, and the 
three areas of paper loss were losing more paper with 
each movement of the map. The conservation work 
was performed by Lyzanne Gann Preservation Ser-
vices in Dallas, Texas. She removed the backing on the 
map using a micro-blade, gently removing it piece by 
piece (Figure 10). The front of the map was cleaned 
to remove a century’s grime and a new Japanese rice 
paper backing was adhered to the map for strength, 

13

APRIL-JUNE 2017

http://ogs.ou.edu/docs/geologynotes/GN-V76N2F12.pdf
http://ogs.ou.edu/docs/geologynotes/GN-V76N2F12.pdf
http://ogs.ou.edu/docs/geologynotes/GN-V76N2F14.pdf


14

OKLAHOMA GEOLOGICAL SURVEY

Figure 11. TOP LEFT: Kristi Wyatt 
of FJJMA works on hinging for 
the map restoration. TOP RIGHT: 
Weights holding glued strips 
of rice paper to the map to dry. 
MIDDLE LEFT: Kristi Wyatt works 
on gluing the rice paper. MIDDLE 
CENTER: Jim Anderson and 
Kristi Wyatt add matting to the 
map. MIDDLE RIGHT: A corner 
is fitted to the Gould map during 
the framing process at The 
Frame Shop in Norman. BOTTOM 
LEFT: Brittany Prichett and Jim 
Anderson hold up the Gould map 
after all conservation and framing 
was complete. 
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stability, and to prevent future paper loss from the 
three damaged areas. The map was expertly scanned 
before and after conservation on an oversized flatbed 
scanner by the OU Digitalization Laboratory. Both im-
ages are available on the OGS website. Fred Jones, Jr. 
Museum of Art (FJJMA) provided expert advice and 
references for the conservation work, recommending 
Lyzanne Gann. Kristi Wyatt of FJJMA assisted with 
the hinging of the map, a necessary step in the framing 
process (Figure 11). The map was then framed by The 
Frame Shop here in Norman. The map is scheduled 
to be mounted in the Laurence S. Youngblood Energy 
Library later this spring (A press release will be issued 
to announce the date of the map hanging).

 Charles Gould went on to found the Oklahoma 
Geological Survey in 1908. He worked for the sur-
vey until 1911 when he left to work in the oil and gas 
industry. While consulting, Gould discovered several 
prolific oil fields including the Panhandle Oil Field 
in Texas, which has since produced over 1.4 billion 
barrels of oil (Smith, 2017). He returned to the OGS in 
1924 to become the survey’s fourth director and served 
until 1931 when Governor “Alfalfa” Bill Murray 

defunded the survey by vetoing state appropriations. 
Gould then became a regional geologist for the Na-
tional Park Service. For his contribution to western US 
geology, Gould Mountain in Glacier National Park is 
named in his honor. 

 Charles Gould recognized that his work, and that 
of his colleagues, was only the beginning of the pro-
cess to unravel the geology of Oklahoma:

 “In the very nature of the case, all pio-
neer work is crude work. We…are only like 
advanced scouts…peering through the forest 
and across the plains, trying to discover 
what manner of land is this—the land of 
Oklahoma. It is for the younger generation, 
men who come after us, men whose grand-
fathers will not be born for another hundred 
years, to do the constructive work, the quan-
titative work, on the geology of Oklahoma.” 
(Gould, 1927, OGS Circular 16 pg. 16). 

 As Gould predicted 90 years ago, the constructive 
and quantitative work continues…

 We would like to thank G. Randy Keller for green-lighting this project, Neil Suneson for reviewing an earlier 
version of this manuscript, Tom Stanley for helpful discussion on stratigraphy, Heather Ahtone and Gail Ander-
son with Fred Jones Jr. Museum of Art for advice on conservation, Jody Foote and the Laurence S. Youngblood 
Energy Library for helpful discussions on the display, Kristi Wyatt for hinging the map, and all those that con-
tributed to the conservation and presentation of the Gould Map. 
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DESCRIPTION OF UNITS  

ALLUVIUM (Holocene) - Clay, silt, sand, and gravel in channels and on flood plains of modern 

streams. Includes terrace deposits of similar composition located directly above and adjacent to 

modern channels and flood plains. Thickness:  0 feet to about 30 ft.

OLDER ALLUVIUM (Holocene, Pleistocene) - Clay, silt, sand, and gravel located ~10 to 20 ft above 

modern flood plains. Thickness:  0 to about 20 ft.

TERRACE SANDS  (Pleistocene) - Mapped as the Guertie sand by Morgan (1924). Consists of 

unconsolidated, locally and distally(?) derived, light-colored, fine- to very fine-grained sand, mixed 

with some silt-sized sediment. Basal 5 to 10 feet of unit composed of a medium- to coarse-grained 

pebbly sand; granule-, pebble-, to rarely cobble-sized material makes up about 10 to 15% of deposit; 

composition of gravel is mostly light gray chert and medium to dark gray limestone, but pink granite 

and white vein quartz are also present. Thickness:  0 ft to as much as 50 ft.

VANOSS FORMATION (Upper Pennsylvanian - Lower Permian, Virgilian - Wolfcampian) -  Consists 

primarily of arkoses interbedded with thin limestones, shales, and conglomerates. Colors include 

yellowish gray (5Y 7/2), grayish orange (10YR 7/4), pale yellowish orange (10YR 8/6), very pale 

orange (10YR 8/2), and pale yellowish brown (10YR 6/2). Arkoses are heterogeneous and vary in 

grain size; they contain fine- to cobble-sized grains. Arkoses are calcareous and generally friable. 

They contain pink K-feldspar, white plagioclase, quartz, and biotite. Biotite is locally abundant. Yellow 

clay grains are also common locally and likely represent altered feldspar. Arkoses may contain zones 

of conglomerate or grade laterally into conglomerates. Conglomerate clasts include subangular to 

subrounded chert, quartz, limestone, and yellow clay. The rocks may be bedded or cross-bedded. 

Thin limestones within the Vanoss Formation are silty, unfossiliferous, mudstones. They are well 

indurated and often contain small calcite veins and/or calcite-lined vugs. Where observed, the 

limestone is yellowish gray (5Y 7/2) to grayish yellow (5Y 8/4). In one location, biotite is abundant 

along lamination planes. In another, the limestone contains zones that are slightly conglomeratic, 

containing pink K-feldspar pebbles, biotite grains, and a small (1 cm wide) oval yellowish gray (5Y 7/2) 

limestone clast. This limestone is underlain by a gray clay. Thickness:  ~70 ft is exposed in the Ada 7.5' 

quadrangle; in most places, the thickness is less because the formation is covered by terrace sands.

ADA FORMATION  (Upper Pennsylvanian, Virgilian) - Consists primarily of interbedded sandstone, 

shale, and mudstone, with lesser amounts of conglomerate and limestone. Sandstones within the Ada 

Formation are grayish orange (10YR 7/4), pale yellowish brown (10YR 6/2), light olive gray (5Y 6/2), 

olive gray (5Y 4/1), light brown (5Y 5/6), pale yellowish orange (10YR 8/6), very pale orange (10YR 

8/2), dusky yellow (5Y 6/4), moderate yellowish brown (10YR 5/4), and dark yellowish orange (10YR 

6/6). They are commonly fine- to very fine-grained, although they may be medium- to coarse-grained 

as well. They are sometimes silty. Sandstones are generally calcareous, sometimes grading laterally 

to sandy limestone. Sandstones are non-arkosic, containing predominantly rounded to subangular 

quartz, as well as biotite and rare white feldspar. Some sandstones are asphaltic. In one area, the 

sandstone has flaser-looking bedding, with dark areas containing asphalt. Rocks range from friable to 

very well indurated, with asphaltic rocks being relatively friable. Sandstones may be laminated or 

cross-bedded or contain asymmetric ripples, parting lineations, or graded bedding. In some areas, 

sandstone grades to conglomerate containing coarse sand- to cobble-sized clasts. Composition of 

the clasts are subangular to rounded limestone, with striking similarities to Arbuckle Group 

carbonates. Mudstone is calcareous and clayey, with colors including yellowish gray (5Y 7/2), light 

olive gray (5Y 5/2), and moderate brown (5YR 4/4). Thin limestones within the Ada Formation are 

indurated unfossiliferous, carbonate mudstones. Some limestones appear to be silty. The limestones 

are commonly yellowish gray (5Y 7/2) in color, with some containing alternating olive gray (5Y 4/1) and 

dark yellowish orange (10YR 6/6) laminations. Some limestones contain biotite flakes, black 

dendrites, and/or small vugs filled with calcite. In the northern part of the Ada 7.5' quadrangle, 

sandstones and conglomerates of the Ada Formation contain appreciable white chert. Asphalt 

appears to be present in both the Seminole Formation, below the Ada, and possibly in the Vanoss, 

above the Ada.  Thickness:  ~120 ft

VAMOOSA  (Upper Pennsylvanian, Virgilian) - The Vamoosa Formation is present in the 
FORMATION

northern part of the Ada 7.5' quadrangle and is composed of sandstone and chert conglomerate. The 

Vamoosa and Ada Formations were differentiated based on the presence of asphalt within the Ada 

Formation. Sandstones are very pale orange (10YR 8/2) to grayish orange (10YR 7/4) and may or 

may not contain abundant white chert. Some sandstones display graded bedding. Chert 

conglomerate and paraconglomerate within the Vamoosa Formation are dense and poorly sorted. 

Clasts are generally pebble- to cobble-sized and may be rounded to angular.  Thickness:  ~60 ft

BELLE CITY FORMATION (Upper Pennsylvanian, Missourian) - The Belle City Limestone is present 

in the northeastern part of the Ada 7.5' quadrangle. Where observed, the limestone is well-indurated, 

pale yellowish brown (10YR 6/2), and displays wackestone to packstone textures. Fossils observed 

include abundant fusulinids and sporadic crinoid ossicles. The Belle City and older formations are 

truncated to the south by overlapping Ada beds. Thickness:  ~15 ft

NELLIE BLY FORMATION (Pennsylvanian, Missourian) - Consists primarily of sandstones, 

siltstones, silty clayshales, and mudshales. Colors include yellowish gray (5Y 7/2), very pale orange 

(10YR 8/2), grayish orange (10YR 7/4), dusky yellow (5Y 6/4), and dark yellowish orange (10YR 6/6). 

Most rocks are well- (sometimes moderately-) indurated, calcareous, fine- to very-fine-grained 

sandstones and siltstones, or silty limestones. Other sandstones are fine-grained, non- to slightly-

calcareous, and friable to moderately friable. They contain mostly quartz grains and some white 

chert? grains. Some contain orange to tan spots of clay or brown Fe-oxide spots. One contained a fair 

amount of biotite that was rusting on the edges. Asymmetric ripples were observed in some rocks. 

Thickness:  ~100-110 ft

FRANCIS FORMATION (Pennsylvanian, Missourian) - The Francis Formation is predominantly a 

medium gray, laminated, highly fossiliferous clayshale. It is one of the more fossiliferous shale 

formations in Oklahoma, containing a well-preserved and diverse Pennsylvanian-age fauna. The 

base of the Francis Formation in the southern part of the Ada 7.5' quadrangle is represented by the 

DeNay Limestone. In the quad, the limestone is variable in composition. In one area, it is a moderately 

indurated, fossiliferous packstone containing abundant crinoids and other fossils. It is light olive gray 

(5Y 6/1) and 0.5 ft thick. More commonly, the rock lacks fossils and is sandier, being a calcareous 

sandstone or sandy limestone. Some of these sandier rocks are very fine-grained, moderately 

indurated, and have irregular, sometimes wedge-like, bedding. Beds are generally 2-3 cm thick. 

Bedding is defined by color, with some being yellowish gray (5Y 8/1) and others being very pale 

orange (10YR 8/2). In one area, the limestone grades upward to a very fine-grained, non-calcareous 

sandstone. The sandstone is dusky yellow (5Y 6/4) and contains predominantly quartz. The top of the 

Francis Formation in the north was mapped as the top of a distinct chert conglomerate/arkose. The 

rocks are poorly sorted, ranging from very fine- to fine-grained sandstone and to conglomerates 

containing cobble and pebble clasts. The sandstones are cross-bedded in some areas. These are 

probably lobes of conglomerate debris shed off the Arbuckle highlands during orogenesis, and 

interfinger with the marine shales of the Francis Formation. The Francis Formation becomes the 

Coffeyville Formation where it interfingers with non-marine sandstones and shales north of the Ada 

7.5' quadrangle. Thickness:  ~50-60 ft 

SEMINOLE FORMATION (Pennsylvanian, Missourian) - Consists of sandstone, calcareous 

sandstone, sandy limestone, siltstone, shale, and chert conglomerate. Colors for the rocks include 

grayish orange (10YR 7/4), yellowish gray (5Y 7/2), light brown (5YR 5/6), moderate yellowish brown 

(10YR 5/4), dark yellowish orange (10YR 6/6), and dark yellowish brown (10YR 4/2). Sandstones are 

commonly fine-grained but range from very-fine-grained to coarse-grained. They may contain zones 

of conglomerate. Conglomerates contain pebble- and cobble-sized white chert clasts. Sandstone and 

conglomerate within the Seminole Formation generally contain rounded quartz and variable, 

commonly abundant, amounts of angular white chert. The chert may be concentrated along bedding 

planes as basal, depositional lag deposits. Some rocks have black oxidation spots. The rocks vary 

from friable to well-indurated, but are more commonly friable. Some rocks contain cross-bedding, 

petrified wood, and/or asphalt. Exposures can be relatively thick, with some outcrops being 10+ ft 

thick. Thickness:  ~100 ft

HOLDENVILLE FORMATION (Pennsylvanian, Desmoinsian) - Predominantly a medium gray (N5) to 

medium light gray (N6), laminated, slightly silty and calcareous clayshale interbedded with 

sandstones and a two prominent limestone beds:  the upper Sasakwa Limestone and lower Homer 

School Limestone. The Sasakwa Limestone occurs about 30 to 40 feet below the top of the formation 

and represents a medium gray (N5) fossiliferous carbonate mudstone to wackestone; fossils typically 

fragmented and dominated by crinoid ossicles and plates. Average thickness of the Sasakwa about 

1.5 feet. The Homer School Limestone occurs about 60 to 70 feet below the Sasakwa Limestoone, 

and represents a light olive gray (5Y6/1) to medium dark gray (N4), whole fossil wackestone to 

skeletal packstone; fossils include Chaetetes in significant numbers locally, Mesolobus and productid 

brachiopods, as well as crinoid debris. Thickness varies from 1 foot to as much as 5 feet in the far 

eastern part of its exposure. Sandstone lithologies interbedded with the Holdenville shales tend to be 

more common between the two limestone members and consist of grayish orange (10YR6/2) to pale 

yellowish brown (10YR6/2), thin-bedded to laminated, slightly calcareous, fine-grained quartz 

arenites. Thickness:  Only the upper 140 feet is exposed in the Ada quadrangle.

UNDIFFERENTIATED PALEOZOIC ROCKS - Sandstones, shales, carbonate rocks of Upper 

Pennsylvanian, and older ages.  Seen only in subsurface.

REFERENCES CITED :

Morgan, G.D., 1924, Geology of the Stonewall Quadrangle, Oklahoma:  Bureau of Geology Bulletin 2, 

Oklahoma Geological Survey, 248 p.
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DESCRIPTION OF UNITS  

ALLUVIUM (Holocene) - Clay, silt, sand, and gravel in channels and on flood plains of modern 

streams. Includes terrace deposits of similar composition located directly above and adjacent to 

modern channels and flood plains. Thickness:  0 feet to about 30 ft.

OLDER ALLUVIUM (Holocene, Pleistocene) - Clay, silt, sand, and gravel located ~10 to 20 ft above 

modern flood plains. Thickness:  0 to about 20 ft.

TERRACE SANDS  (Pleistocene) - Mapped as the Guertie sand by Morgan (1924). Consists of 

unconsolidated, locally and distally(?) derived, light-colored, fine- to very fine-grained sand, mixed 

with some silt-sized sediment. Basal 5 to 10 feet of unit composed of a medium- to coarse-grained 

pebbly sand; granule-, pebble-, to rarely cobble-sized material makes up about 10 to 15% of deposit; 

composition of gravel is mostly light gray chert and medium to dark gray limestone, but pink granite 

and white vein quartz are also present. Thickness:  0 ft to as much as 50 ft.

VANOSS FORMATION (Upper Pennsylvanian - Lower Permian, Virgilian - Wolfcampian) -  Consists 

primarily of arkoses interbedded with thin limestones, shales, and conglomerates. Colors include 

yellowish gray (5Y 7/2), grayish orange (10YR 7/4), pale yellowish orange (10YR 8/6), very pale 

orange (10YR 8/2), and pale yellowish brown (10YR 6/2). Arkoses are heterogeneous and vary in 

grain size; they contain fine- to cobble-sized grains. Arkoses are calcareous and generally friable. 

They contain pink K-feldspar, white plagioclase, quartz, and biotite. Biotite is locally abundant. Yellow 

clay grains are also common locally and likely represent altered feldspar. Arkoses may contain zones 

of conglomerate or grade laterally into conglomerates. Conglomerate clasts include subangular to 

subrounded chert, quartz, limestone, and yellow clay. The rocks may be bedded or cross-bedded. 

Thin limestones within the Vanoss Formation are silty, unfossiliferous, mudstones. They are well 

indurated and often contain small calcite veins and/or calcite-lined vugs. Where observed, the 

limestone is yellowish gray (5Y 7/2) to grayish yellow (5Y 8/4). In one location, biotite is abundant 

along lamination planes. In another, the limestone contains zones that are slightly conglomeratic, 

containing pink K-feldspar pebbles, biotite grains, and a small (1 cm wide) oval yellowish gray (5Y 7/2) 

limestone clast. This limestone is underlain by a gray clay. Thickness:  ~70 ft is exposed in the Ada 7.5' 

quadrangle; in most places, the thickness is less because the formation is covered by terrace sands.

ADA FORMATION  (Upper Pennsylvanian, Virgilian) - Consists primarily of interbedded sandstone, 

shale, and mudstone, with lesser amounts of conglomerate and limestone. Sandstones within the Ada 

Formation are grayish orange (10YR 7/4), pale yellowish brown (10YR 6/2), light olive gray (5Y 6/2), 

olive gray (5Y 4/1), light brown (5Y 5/6), pale yellowish orange (10YR 8/6), very pale orange (10YR 

8/2), dusky yellow (5Y 6/4), moderate yellowish brown (10YR 5/4), and dark yellowish orange (10YR 

6/6). They are commonly fine- to very fine-grained, although they may be medium- to coarse-grained 

as well. They are sometimes silty. Sandstones are generally calcareous, sometimes grading laterally 

to sandy limestone. Sandstones are non-arkosic, containing predominantly rounded to subangular 

quartz, as well as biotite and rare white feldspar. Some sandstones are asphaltic. In one area, the 

sandstone has flaser-looking bedding, with dark areas containing asphalt. Rocks range from friable to 

very well indurated, with asphaltic rocks being relatively friable. Sandstones may be laminated or 

cross-bedded or contain asymmetric ripples, parting lineations, or graded bedding. In some areas, 

sandstone grades to conglomerate containing coarse sand- to cobble-sized clasts. Composition of 

the clasts are subangular to rounded limestone, with striking similarities to Arbuckle Group 

carbonates. Mudstone is calcareous and clayey, with colors including yellowish gray (5Y 7/2), light 

olive gray (5Y 5/2), and moderate brown (5YR 4/4). Thin limestones within the Ada Formation are 

indurated unfossiliferous, carbonate mudstones. Some limestones appear to be silty. The limestones 

are commonly yellowish gray (5Y 7/2) in color, with some containing alternating olive gray (5Y 4/1) and 

dark yellowish orange (10YR 6/6) laminations. Some limestones contain biotite flakes, black 

dendrites, and/or small vugs filled with calcite. In the northern part of the Ada 7.5' quadrangle, 

sandstones and conglomerates of the Ada Formation contain appreciable white chert. Asphalt 

appears to be present in both the Seminole Formation, below the Ada, and possibly in the Vanoss, 

above the Ada.  Thickness:  ~120 ft

VAMOOSA  (Upper Pennsylvanian, Virgilian) - The Vamoosa Formation is present in the 
FORMATION

northern part of the Ada 7.5' quadrangle and is composed of sandstone and chert conglomerate. The 

Vamoosa and Ada Formations were differentiated based on the presence of asphalt within the Ada 

Formation. Sandstones are very pale orange (10YR 8/2) to grayish orange (10YR 7/4) and may or 

may not contain abundant white chert. Some sandstones display graded bedding. Chert 

conglomerate and paraconglomerate within the Vamoosa Formation are dense and poorly sorted. 

Clasts are generally pebble- to cobble-sized and may be rounded to angular.  Thickness:  ~60 ft

BELLE CITY FORMATION (Upper Pennsylvanian, Missourian) - The Belle City Limestone is present 

in the northeastern part of the Ada 7.5' quadrangle. Where observed, the limestone is well-indurated, 

pale yellowish brown (10YR 6/2), and displays wackestone to packstone textures. Fossils observed 

include abundant fusulinids and sporadic crinoid ossicles. The Belle City and older formations are 

truncated to the south by overlapping Ada beds. Thickness:  ~15 ft

NELLIE BLY FORMATION (Pennsylvanian, Missourian) - Consists primarily of sandstones, 

siltstones, silty clayshales, and mudshales. Colors include yellowish gray (5Y 7/2), very pale orange 

(10YR 8/2), grayish orange (10YR 7/4), dusky yellow (5Y 6/4), and dark yellowish orange (10YR 6/6). 

Most rocks are well- (sometimes moderately-) indurated, calcareous, fine- to very-fine-grained 

sandstones and siltstones, or silty limestones. Other sandstones are fine-grained, non- to slightly-

calcareous, and friable to moderately friable. They contain mostly quartz grains and some white 

chert? grains. Some contain orange to tan spots of clay or brown Fe-oxide spots. One contained a fair 

amount of biotite that was rusting on the edges. Asymmetric ripples were observed in some rocks. 

Thickness:  ~100-110 ft

FRANCIS FORMATION (Pennsylvanian, Missourian) - The Francis Formation is predominantly a 

medium gray, laminated, highly fossiliferous clayshale. It is one of the more fossiliferous shale 

formations in Oklahoma, containing a well-preserved and diverse Pennsylvanian-age fauna. The 

base of the Francis Formation in the southern part of the Ada 7.5' quadrangle is represented by the 

DeNay Limestone. In the quad, the limestone is variable in composition. In one area, it is a moderately 

indurated, fossiliferous packstone containing abundant crinoids and other fossils. It is light olive gray 

(5Y 6/1) and 0.5 ft thick. More commonly, the rock lacks fossils and is sandier, being a calcareous 

sandstone or sandy limestone. Some of these sandier rocks are very fine-grained, moderately 

indurated, and have irregular, sometimes wedge-like, bedding. Beds are generally 2-3 cm thick. 

Bedding is defined by color, with some being yellowish gray (5Y 8/1) and others being very pale 

orange (10YR 8/2). In one area, the limestone grades upward to a very fine-grained, non-calcareous 

sandstone. The sandstone is dusky yellow (5Y 6/4) and contains predominantly quartz. The top of the 

Francis Formation in the north was mapped as the top of a distinct chert conglomerate/arkose. The 

rocks are poorly sorted, ranging from very fine- to fine-grained sandstone and to conglomerates 

containing cobble and pebble clasts. The sandstones are cross-bedded in some areas. These are 

probably lobes of conglomerate debris shed off the Arbuckle highlands during orogenesis, and 

interfinger with the marine shales of the Francis Formation. The Francis Formation becomes the 

Coffeyville Formation where it interfingers with non-marine sandstones and shales north of the Ada 

7.5' quadrangle. Thickness:  ~50-60 ft 

SEMINOLE FORMATION (Pennsylvanian, Missourian) - Consists of sandstone, calcareous 

sandstone, sandy limestone, siltstone, shale, and chert conglomerate. Colors for the rocks include 

grayish orange (10YR 7/4), yellowish gray (5Y 7/2), light brown (5YR 5/6), moderate yellowish brown 

(10YR 5/4), dark yellowish orange (10YR 6/6), and dark yellowish brown (10YR 4/2). Sandstones are 

commonly fine-grained but range from very-fine-grained to coarse-grained. They may contain zones 

of conglomerate. Conglomerates contain pebble- and cobble-sized white chert clasts. Sandstone and 

conglomerate within the Seminole Formation generally contain rounded quartz and variable, 

commonly abundant, amounts of angular white chert. The chert may be concentrated along bedding 

planes as basal, depositional lag deposits. Some rocks have black oxidation spots. The rocks vary 

from friable to well-indurated, but are more commonly friable. Some rocks contain cross-bedding, 

petrified wood, and/or asphalt. Exposures can be relatively thick, with some outcrops being 10+ ft 

thick. Thickness:  ~100 ft

HOLDENVILLE FORMATION (Pennsylvanian, Desmoinsian) - Predominantly a medium gray (N5) to 

medium light gray (N6), laminated, slightly silty and calcareous clayshale interbedded with 

sandstones and a two prominent limestone beds:  the upper Sasakwa Limestone and lower Homer 

School Limestone. The Sasakwa Limestone occurs about 30 to 40 feet below the top of the formation 

and represents a medium gray (N5) fossiliferous carbonate mudstone to wackestone; fossils typically 

fragmented and dominated by crinoid ossicles and plates. Average thickness of the Sasakwa about 

1.5 feet. The Homer School Limestone occurs about 60 to 70 feet below the Sasakwa Limestoone, 

and represents a light olive gray (5Y6/1) to medium dark gray (N4), whole fossil wackestone to 

skeletal packstone; fossils include Chaetetes in significant numbers locally, Mesolobus and productid 

brachiopods, as well as crinoid debris. Thickness varies from 1 foot to as much as 5 feet in the far 

eastern part of its exposure. Sandstone lithologies interbedded with the Holdenville shales tend to be 

more common between the two limestone members and consist of grayish orange (10YR6/2) to pale 

yellowish brown (10YR6/2), thin-bedded to laminated, slightly calcareous, fine-grained quartz 

arenites. Thickness:  Only the upper 140 feet is exposed in the Ada quadrangle.

UNDIFFERENTIATED PALEOZOIC ROCKS - Sandstones, shales, carbonate rocks of Upper 

Pennsylvanian, and older ages.  Seen only in subsurface.

REFERENCES CITED :

Morgan, G.D., 1924, Geology of the Stonewall Quadrangle, Oklahoma:  Bureau of Geology Bulletin 2, 

Oklahoma Geological Survey, 248 p.
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DESCRIPTION OF UNITS

ARTIFICIAL FILL (Quaternary) - Artificial fill mapped only in large dams

ALLUVIUM (Quaternary) - Unconsolidated silt, sand and gravel of present stream channels

ATOKA FORMATION (Pennsylvanian) - Predominantly poorly exposed olive-gray (5Y3/2), olive-
black (5Y2/1), to brownish-black (5YR2/1), slightly silty, noncalcareous, poorly laminated shale and 
mudstone. Locally fissile, weathers to “flakely” appearance. Very rarely contains limonite of calcite 
pods or concretions, exhibits “pencil” structure, or is calcareous. Contains thin beds of laminated 
siltstone and thicker beds of sandstone. Sandstone typically is light-olive-gray (5Y2/2 to 5Y6/1) to 
yellowish-gray (5Y7/2) where fresh and grayish-orange (10YR7/4) where weathered. Mostly fine-
grained and silty, very rarely medium-grained or bimodal with medium-sized grains supported in a 
fine-grained matrix, poorly to moderately sorted, and noncalcareous. Generally composed of about 
95% quartz, 2-5% feldspar and rock fragments, and conspicuous white mica parallel to laminations; 
quartz rarely less than 80% or greater than 95%. Individual beds vary from several centimeters to 
several meters thick and average about 60 cm.  Amalgamated  beds common, forming resistant 
ridges and dip slopes easily identifiable on aerial photographs; some of these marker beds are 
mapped. Thicker beds are generally unstratified (corresponding to Ta of Bouma sequence)  to 
parallel-laminated  (Tb ; thinner  beds commonly  are ripple cross-laminated (Tc). Some beds exhibit 
low-angle, moderate- to long-wavelength,  undulatory  stratification. Contorted bedding and dish-
and-pillar  structures typical of some beds. Sole marks ( lute, groove, and load casts, trace fossils) at 
base of sandstone beds locally common. Tops of sandstone  beds typically grade upwards to 
siltstone; ripples rare. Unfossiliferous except for local concentrations  of plant debris on bedding 
planes throughout the formation and lowermost sandstone  beds immediately above Johns Valley 
Formation that contain poorly preserved molds of brachiopods. Porosity typically is very low except 
where medium-grained, fossiliferous, and/or moderately sorted. Maximum thickness at least 6800 ft 
(2100 m), possibly as much as 11,750 ft (3600 m) south of Choctaw fault; top not exposed

SPIRO SANDSTONE MEMBER (INFORMAL) OF WAPANUCKA FORMATION (Pennsylvanian) - 
Well-exposed, pinkish-gray (5YR8/1) to very pale orange (10YR8/2) or pale yellowish-orange 
(1OYR8/6), mostly well-sorted, porous, medium-grained, stratified quartz arenite. Quartzose, mostly 
noncalcareous, locally with trace fossils and fragments and molds of crinoids. Beds typically 2 cm to 1 
m thick, amalgamated, and mostly parallel-stratified, but locally planar tabular cross-stratified. 
Ripples present on tops of some beds. Shale clasts rare. Weathers to very vuggy appearance. Locally 
includes thin beds composed entirely of fossil fragments and poorly exposed gray micrite. Exposed 
only in northwestern corner of quadrangle. Maximum thickness approximately 1000 ft (300 m) south 
of Choctaw fault

JOHNS VALLEY FORMATION (Pennsylvanian) - Predominantly poorly exposed, pale-brown (5Y5/2) 
to moderate-yellowish-brown (1OYR5/4), mostly noncalcareous, poorly laminated, slightly silty shale 
and mudstone.  Some beds fissile, weather to "flakey" appearance. Other beds contorted, appear 
pervasively sheared. "Pencil" structure locally developed. Contains thin beds of noncalcareous 
laminated siltstone and thin- to medium-bedded sandstone. Sandstones mostly light-brown (5Y614) 
to grayish-orange (10YR7/4), varying from fine- to coarse-grained, with rare granule-conglomerates, 
rarely calcareous or fetid, and massive to parallel- or ripple cross laminated. Composed of as much as 
15% feldspar, 5% rock fragments, minor mica, and the remainder quartz. Sole marks and dish-and-
pillar structures typical of some beds.  Some sandstone marker beds mapped. Shale locally contains 
angular to rounded pebbles, cobbles, and boulders of chert and a wide variety of limestone rock types 
(micrites to bioclastic grainstones and packstones). Other rock types within the shale include large 
masses of platy to very fissile, hard, grayish-black (N2) shale with calcareous concretions, 
phosphatic(?) nodules, and dissemina1ed pyrite. Limestone clasts have been correlated with lower 
ana midale Paleozoic limestone units exposed to the north and west; chert clasts may be Woodford 
Formation (Devonian); and many black  hale masses may correlate with the Caney Formation 
(Mississippian). Maximum thickness approximately 3400 ft (1050 m) south of Choctaw fault

"SPRINGER" FORMATION (Pennsylvanian) - Poorly exposed, olive-black (5Y2/1) to light-olive 
brown (5Y5/6), fissile, locally slightly silty, calcareous and noncalcareous shale with very minor 
interbedded laminated siltstone. Locally contains 5-cm to 25-cm, ellipsoidal, limonitized siderite(?) 
concretions with long axes parallel to bedding. Typically shows slight "pencil" structure. Exposed only 
in northwestern corner of quadrangle. Approximately 350ft (100m) maximum exposed in quadrangle 
south of Choctaw fault; base not exposed

JACKFORK GROUP, UPPER PART (Pennsylvanian) - Predominantly well-exposed, yellowish-gray 
(5Y7/2) to light-olive-brown (5Y5/6), fine- to medium-grained, quartzose, noncalcareous sandstone. 
Beds typically amalgamated and unstratified to stratified; ripple marks locally abundant. Sole marks 
are rare.  Typically fractured and weathered to large, angular blocks. May correlate with Game Refuge 
Formation of other workers.  Maximum thickness 2600 ft (800 m) south of Choctaw fault

JACKFORK GROUP, LOWER PART (Pennsylvanian) - Predominantly well-exposed, yellowish gray 
(5Y7/2) to light-olive-gray (5Y6/1), mostly fine-grained to rarely medium-grained, quartzose, 
noncalcareous sandstone and thin, poorly exposed shale and mudstone. Locally contains many 
thick-bedded (1-10m) sandstone beds in amalgamated or shale-poor sequences locally tens of 
meters thick. Individual beds unstratified to poorly parallel-stratified.  Locally sparsely fossiliferous 
(molds of brachiopods) or with abundant impressions of plant debris on bedding planes. Sandstone 
marker beds mapped locally. Sandstones commonly highly fractured and typically weathered to 
vuggy or platy appearance. May correlate with Wildhorse Mountain Formation of other workers. 
Exposed only in southwestern part of quadrangle.  Maximum thickness approximately 2300 ft (700
m) south of Windingstair fault

STANLEY GROUP (MISSISSIPPIAN)-Predominantly poorly exposed, light-otive-gray (5Y5/2) to 
olive-gray (5Y4/1), fissile, noncalcareous shale and thin siltstones with discoidal siltstone and 
sandstone masses and rare limonite concretions. Shale commonly appears sheared and/or 
contorted; "pencil" structure typical. Shale weathers to "flakey" appearance. Siltstones rarely show 
cone-in-cone structure.  Includes medium-dark-gray (N4) to dusky-yellow (5Y6/4), hard, well-
laminated, siliceous shale and siltstone with uncommon radiolaria and very tight-colored 
tuffaceous(?) shale. Unit also contains sandstone beds that average about 50 em thick, varying 
from 5 em to amalgamated beds as much as 10m thick. Sandstone typically is light-olive-gray 
(5Y5/2), olive-gray (5Y4/1), to medium-dark-gray (N4), tine-grained, unstratified to parallel- or 
cross stratified, and calcareous or noncalcareous. Some individual beds show slight normal 
grad ng; others contain medium sized, rounded, frosted quartz or chert grains supported in a fine-i
grained matrix. Feldspar constitutes as much as 15% and rock tragments 100% of sandstone. 
Sorting is generally poor; sandstone beds typically silty and contain abundant intergranular mud. 
Stratification locally is contorted and sandstone beds pinch, swell, and occur as concordant to 
slightly discordant pods and lenses in the shale. Organic material and plant debris is disseminated 
throughout the sandstone and locally concentrated on bedding planes. Shale rip-up clasts and 
sandstone dikes locally abundant. Bases of sandstone beds typically planar, but sole marks (load, 
groove, and flute casts, trace fossils) locally present. Porosity typically very low. Widely exposed 
only in southern part of quadrangle. Maximum thickness approximately 2900 ft (875 m) south of 
Windingstair fault
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MARKER BED

THRUST FAULT - Sawteeth on upper plate; dashed where 
approximately located; dotted where concealed; queried where 
questionable

FAULT - Arrows show relative horizontal movement; dashed where 
approximately located; dotted where concealed

ANTICLINE - Showing crestline; dashed where approximately 
located; dotted where concealed

SYNCLINE - Showing troughline; dashed where approximately 
located; dotted where concealed; queried where questionable

STRIKE AND DIP OF BEDS

Strike and dip of beds, facing direction unknown

Vertical beds, facing direction unknown

Strike and dip of beds, upright

Vertical beds, ball indicates top of beds

Strike and dip of beds, overturned
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Dry hole, abandoned

LIST OF WELLS

1. Cities Service 1 Smith-English A, Spud 10/20/83, TD 14,902’

2. Select 1 Warren, Spud 3/13/85, TD 225’
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Digitization supported by the USGS, National Cooperative Geologic 
Mapping Program, under GS15AC00493

      The Oklahoma Geological Sur-
vey’s (OGS) STATEMAP program 
needs you, or a representative of 
your company or institution, to 
become a member of the Oklahoma 
Geological Mapping Advisory Com-
mittee (OGMAC).
      The STATEMAP program is a 
state geologic-mapping component 
of the National Cooperative Geolog-
ic Mapping Program of the United 
States Geological Survey (USGS), 
which provides federal matching 
funds to State Geological Surveys to 
achieve their mapping goals.

      Part of the stipulation for the
STATEMAP program by the USGS 
is the establishment of an Oklahoma 
Geological Mapping Advisory Com-
mittee (OGMAC), consisting of rep-
resentatives from various university, 
state and local governments, tribal, 
private businesses, and even indi-
vidual citizens.  The purpose of the 
committee is to have broad, state-
wide interests that can be applied to 
directing the STATEMAP program.  
The committee would have the re-
sponsibility of establishing priorities 

for geologic mapping in Oklahoma 
that reflect multiple interests and 
goals.
      As a committee member, the 
OGS would be soliciting your input 
and recommendations concerning 
regions, areas, or specific quadran-
gles that you, or a representative of 
your agency or company, feel have 
the highest priority for geologic 
mapping.
      The committee would only meet 
once a year for two to four hours at 
some location in central Oklahoma.
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DESCRIPTION OF UNITS

ARTIFICIAL FILL (Quaternary) - Artificial fill mapped only in large dams

ALLUVIUM (Quaternary) - Unconsolidated silt, sand and gravel of present stream channels

ATOKA FORMATION (Pennsylvanian) - Predominantly poorly exposed olive-gray (5Y3/2), olive-
black (5Y2/1), to brownish-black (5YR2/1), slightly silty, noncalcareous, poorly laminated shale and 
mudstone. Locally fissile, weathers to “flakely” appearance. Very rarely contains limonite of calcite 
pods or concretions, exhibits “pencil” structure, or is calcareous. Contains thin beds of laminated 
siltstone and thicker beds of sandstone. Sandstone typically is light-olive-gray (5Y2/2 to 5Y6/1) to 
yellowish-gray (5Y7/2) where fresh and grayish-orange (10YR7/4) where weathered. Mostly fine-
grained and silty, very rarely medium-grained or bimodal with medium-sized grains supported in a 
fine-grained matrix, poorly to moderately sorted, and noncalcareous. Generally composed of about 
95% quartz, 2-5% feldspar and rock fragments, and conspicuous white mica parallel to laminations; 
quartz rarely less than 80% or greater than 95%. Individual beds vary from several centimeters to 
several meters thick and average about 60 cm.  Amalgamated  beds common, forming resistant 
ridges and dip slopes easily identifiable on aerial photographs; some of these marker beds are 
mapped. Thicker beds are generally unstratified (corresponding to Ta of Bouma sequence)  to 
parallel-laminated  (Tb ; thinner  beds commonly  are ripple cross-laminated (Tc). Some beds exhibit 
low-angle, moderate- to long-wavelength,  undulatory  stratification. Contorted bedding and dish-
and-pillar  structures typical of some beds. Sole marks ( lute, groove, and load casts, trace fossils) at 
base of sandstone beds locally common. Tops of sandstone  beds typically grade upwards to 
siltstone; ripples rare. Unfossiliferous except for local concentrations  of plant debris on bedding 
planes throughout the formation and lowermost sandstone  beds immediately above Johns Valley 
Formation that contain poorly preserved molds of brachiopods. Porosity typically is very low except 
where medium-grained, fossiliferous, and/or moderately sorted. Maximum thickness at least 6800 ft 
(2100 m), possibly as much as 11,750 ft (3600 m) south of Choctaw fault; top not exposed

SPIRO SANDSTONE MEMBER (INFORMAL) OF WAPANUCKA FORMATION (Pennsylvanian) - 
Well-exposed, pinkish-gray (5YR8/1) to very pale orange (10YR8/2) or pale yellowish-orange 
(1OYR8/6), mostly well-sorted, porous, medium-grained, stratified quartz arenite. Quartzose, mostly 
noncalcareous, locally with trace fossils and fragments and molds of crinoids. Beds typically 2 cm to 1 
m thick, amalgamated, and mostly parallel-stratified, but locally planar tabular cross-stratified. 
Ripples present on tops of some beds. Shale clasts rare. Weathers to very vuggy appearance. Locally 
includes thin beds composed entirely of fossil fragments and poorly exposed gray micrite. Exposed 
only in northwestern corner of quadrangle. Maximum thickness approximately 1000 ft (300 m) south 
of Choctaw fault

JOHNS VALLEY FORMATION (Pennsylvanian) - Predominantly poorly exposed, pale-brown (5Y5/2) 
to moderate-yellowish-brown (1OYR5/4), mostly noncalcareous, poorly laminated, slightly silty shale 
and mudstone.  Some beds fissile, weather to "flakey" appearance. Other beds contorted, appear 
pervasively sheared. "Pencil" structure locally developed. Contains thin beds of noncalcareous 
laminated siltstone and thin- to medium-bedded sandstone. Sandstones mostly light-brown (5Y614) 
to grayish-orange (10YR7/4), varying from fine- to coarse-grained, with rare granule-conglomerates, 
rarely calcareous or fetid, and massive to parallel- or ripple cross laminated. Composed of as much as 
15% feldspar, 5% rock fragments, minor mica, and the remainder quartz. Sole marks and dish-and-
pillar structures typical of some beds.  Some sandstone marker beds mapped. Shale locally contains 
angular to rounded pebbles, cobbles, and boulders of chert and a wide variety of limestone rock types 
(micrites to bioclastic grainstones and packstones). Other rock types within the shale include large 
masses of platy to very fissile, hard, grayish-black (N2) shale with calcareous concretions, 
phosphatic(?) nodules, and dissemina1ed pyrite. Limestone clasts have been correlated with lower 
ana midale Paleozoic limestone units exposed to the north and west; chert clasts may be Woodford 
Formation (Devonian); and many black  hale masses may correlate with the Caney Formation 
(Mississippian). Maximum thickness approximately 3400 ft (1050 m) south of Choctaw fault

"SPRINGER" FORMATION (Pennsylvanian) - Poorly exposed, olive-black (5Y2/1) to light-olive 
brown (5Y5/6), fissile, locally slightly silty, calcareous and noncalcareous shale with very minor 
interbedded laminated siltstone. Locally contains 5-cm to 25-cm, ellipsoidal, limonitized siderite(?) 
concretions with long axes parallel to bedding. Typically shows slight "pencil" structure. Exposed only 
in northwestern corner of quadrangle. Approximately 350ft (100m) maximum exposed in quadrangle 
south of Choctaw fault; base not exposed

JACKFORK GROUP, UPPER PART (Pennsylvanian) - Predominantly well-exposed, yellowish-gray 
(5Y7/2) to light-olive-brown (5Y5/6), fine- to medium-grained, quartzose, noncalcareous sandstone. 
Beds typically amalgamated and unstratified to stratified; ripple marks locally abundant. Sole marks 
are rare.  Typically fractured and weathered to large, angular blocks. May correlate with Game Refuge 
Formation of other workers.  Maximum thickness 2600 ft (800 m) south of Choctaw fault

JACKFORK GROUP, LOWER PART (Pennsylvanian) - Predominantly well-exposed, yellowish gray 
(5Y7/2) to light-olive-gray (5Y6/1), mostly fine-grained to rarely medium-grained, quartzose, 
noncalcareous sandstone and thin, poorly exposed shale and mudstone. Locally contains many 
thick-bedded (1-10m) sandstone beds in amalgamated or shale-poor sequences locally tens of 
meters thick. Individual beds unstratified to poorly parallel-stratified.  Locally sparsely fossiliferous 
(molds of brachiopods) or with abundant impressions of plant debris on bedding planes. Sandstone 
marker beds mapped locally. Sandstones commonly highly fractured and typically weathered to 
vuggy or platy appearance. May correlate with Wildhorse Mountain Formation of other workers. 
Exposed only in southwestern part of quadrangle.  Maximum thickness approximately 2300 ft (700
m) south of Windingstair fault

STANLEY GROUP (MISSISSIPPIAN)-Predominantly poorly exposed, light-otive-gray (5Y5/2) to 
olive-gray (5Y4/1), fissile, noncalcareous shale and thin siltstones with discoidal siltstone and 
sandstone masses and rare limonite concretions. Shale commonly appears sheared and/or 
contorted; "pencil" structure typical. Shale weathers to "flakey" appearance. Siltstones rarely show 
cone-in-cone structure.  Includes medium-dark-gray (N4) to dusky-yellow (5Y6/4), hard, well-
laminated, siliceous shale and siltstone with uncommon radiolaria and very tight-colored 
tuffaceous(?) shale. Unit also contains sandstone beds that average about 50 em thick, varying 
from 5 em to amalgamated beds as much as 10m thick. Sandstone typically is light-olive-gray 
(5Y5/2), olive-gray (5Y4/1), to medium-dark-gray (N4), tine-grained, unstratified to parallel- or 
cross stratified, and calcareous or noncalcareous. Some individual beds show slight normal 
grad ng; others contain medium sized, rounded, frosted quartz or chert grains supported in a fine-i
grained matrix. Feldspar constitutes as much as 15% and rock tragments 100% of sandstone. 
Sorting is generally poor; sandstone beds typically silty and contain abundant intergranular mud. 
Stratification locally is contorted and sandstone beds pinch, swell, and occur as concordant to 
slightly discordant pods and lenses in the shale. Organic material and plant debris is disseminated 
throughout the sandstone and locally concentrated on bedding planes. Shale rip-up clasts and 
sandstone dikes locally abundant. Bases of sandstone beds typically planar, but sole marks (load, 
groove, and flute casts, trace fossils) locally present. Porosity typically very low. Widely exposed 
only in southern part of quadrangle. Maximum thickness approximately 2900 ft (875 m) south of 
Windingstair fault
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Oklahoma Shale Resource Plays
By Brian J. Cardott

Figure 1. Generalized correlation of rock units in Oklahoma highlighting shale re-
source plays (modified from Johnson and Cardott, 1992).

INTRODUCTION

 The petroleum system concept 
includes the generation, migration, 
and accumulation of hydrocarbons 
(Magoon and Dow, 1994; Magoon 
and Beaumont, 1999). Campbell 
and Northcutt (2001) described the 
petroleum systems of sedimentary 
basins in Oklahoma. Black, organic-
rich shales are an important part of a 
petroleum system, serving as hydro-
carbon source rocks, cap rocks, and 
reservoirs. The most important crite-
ria for hydrocarbon source rocks are 
organic matter type (oil or gas genera-
tive), quantity (determined by Total 
Organic Carbon (TOC) content), and 
thermal maturity (e.g., oil, conden-
sate, or gas window). Cardott (2012a) 
provided an introduction to vitrinite 
reflectance as a thermal maturity 
indicator. Known hydrocarbon source 
rocks in Oklahoma were described by 
Johnson and Cardott (1992), Wavrek 
(1992), and Schad (2004).  

 Shale resource systems (i.e., shale 
gas and tight oil) for gas, condensate, 
and oil are self-contained systems 
(hydrocarbon source, migration path-
way, reservoir, and seal; Breyer, 2012; 
Jarvie, 2012a, b; Hackley and Car-
dott, 2016). Of those four aspects, the 
hydrocarbon source rock is the most 
important; without the hydrocarbon 
source, there is no hydrocarbon accu-
mulation. In addition to hydrocarbon 
source potential, the shale reservoir 
must also have a brittle lithology to 
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Figure 2. Map showing Oklahoma shale gas and tight oil well completions (1939–2016) on a geologic provinces map of Okla-
homa (modified from Northcutt and Campbell, 1998).

generate natural and induced fractures for primary 
hydrocarbon migration (Cardott, 2006, 2008; Dong et 
al., 2017).  

 The objective of this article is to provide a brief 
summary of the primary shale resource plays of Okla-
homa (Caney Shale, Woodford Shale, lower Springer/

Goddard shale; Figure 1). Cardott (2013b) described 
the Sylvan Shale, Arkansas Novaculite, Barnett Shale, 
Atoka shale, and Pennsylvanian shale plays of Okla-
homa and they will not be discussed here. The term 
“shale gas” refers to the production of thermogenic or 
biogenic methane from organic-rich shale/mudstone, 
while the term “tight oil” (aka shale oil, shale-hosted 

Figure 3. Map showing Woodford Shale-only gas and oil well completions (2004–2016) by year on a geologic provinces map of 
Oklahoma.
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oil) refers to oil/condensate generated and produced 
from organic-rich shale/mudstone or adjacent, con-
tinuous organic-lean intervals (Jarvie, 2012a, b; Boak, 
2014). Shale gas and tight oil are projected to be an 
important part of future U.S. gas and oil production 
(EIA, 2017).

METHODS

 The Oklahoma Geological Survey maintains a 
database of all Oklahoma shale gas and tight oil well 
completions (http://www.ou.edu/content/ogs/research/
energy/oil-gas.html) compiled from the Oklahoma 
Corporation Commission Form 1002A completion 
report. The database of 4,624 well completions from 
1939 to February 2017 contains the following shale 
formations (in alphabetical order) and number of 
completions: Arkansas Novaculite (3), Atoka Group 
shale (1), Barnett Shale (2), Caney Shale or Caney 
Shale/Woodford Shale (125), Excello Shale/Pennsyl-
vanian shale (2), Goddard Shale (lower Springer shale)
(61), Sylvan Shale or Sylvan Shale/Woodford Shale 
(21), and Woodford Shale (4,409). Shale wells com-

mingled with non-shale lithologies are not included. 
The database was originally restricted to shale-gas 
wells.  Tight-oil wells have been added since 2005. 

DISCUSSION

Caney Shale

 Figure 2 shows 4,624 Oklahoma shale gas and 
tight oil well completions (1939–2016) on a geologic 
provinces map of Oklahoma. The first shale resource 
play in Oklahoma was the Mississippian-age Caney 
Shale (age equivalent to the Barnett Shale of Texas 
and Fayetteville Shale of Arkansas). The Caney Shale 
contains Type II kerogen (oil-generative organic mat-
ter) to Type III kerogen (gas-generative organic matter) 
with <1–9.79 wt.% TOC in eastern Oklahoma (Schad, 
2004; Kamann, 2006; Maughan and Deming, 2006a). 
Well completions to the ductile, clay-rich Caney Shale 
in the Arkoma Basin in eastern Oklahoma (Hughes, 
McIntosh, Okfuskee, Pittsburg, Wagoner counties) in 
2001–2010 resulted in relatively poor gas wells (initial 
potential (IP) gas rates of a trace to 1,125 thousand 

Figure 4. Histogram showing numbers of Woodford Shale, Caney Shale, and Springer/Goddard Shale well completions, 2004–
2016.

http://www.ou.edu/content/ogs/research/energy/oil-gas.html
http://www.ou.edu/content/ogs/research/energy/oil-gas.html
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Figure 5. Map showing 4,389 Woodford Shale-only gas and oil well completions (2004–2016) by well type on a geologic prov-
inces map of Oklahoma.

cubic feet per day (Mcfd); Schad, 2004; Maughan 
and Deming, 2006a, b; Andrews, 2007), while recent 
drilling (2012–present) in the Caney Shale in southern 
Oklahoma (Carter, Johnston, Love, Marshall, Stephens 
counties) have been more successful (IP gas rates of 
57–2,801 Mcfd and IP oil/condensate (37–54° API 
gravity) rates of 11–620 barrels of oil per day (bopd)). 
Andrews (2007) showed that the best gas-producing 
Caney Shale well in the Arkoma Basin (Citrus Energy 
1 Wild Turkey; IP 1,125 Mcfd) by 2005 was completed 
in siltstone facies instead of the predominant shale fa-
cies; the best gas and oil producing Caney Shale well 
in the Ardmore Basin (Mack Energy 1-31 Hickory 
Sticks; IP 296 Mcfd and 24 bopd) by 2005 was com-
pleted in limestone and siltstone/sandy-siltstone facies 
of the Caney Shale and Sycamore Limestone. All of 
the oil-producing Caney-only wells are in southern 
Oklahoma.

Woodford Shale

 Cardott (2013a) provided an overview of the Late 
Devonian-Early Mississippian-age Woodford Shale: 
from hydrocarbon source rock to reservoir. The Wood-
ford Shale contains Type II kerogen with <1–14 wt.% 
TOC with intervals as high as 25 wt.% TOC (John-
son and Cardott, 1992; Roberts and Mitterer, 1992). 

Since 2004, well completions to the brittle, silica-rich 
Woodford Shale play of Oklahoma have expanded 
from primarily one (Arkoma Basin) to four geologic 
provinces (Anadarko Basin, Ardmore Basin, Arkoma 
Basin, and Cherokee Platform) and from primarily gas 
to gas, condensate, and oil wells. The Woodford Shale 
gas play began in the gas window (>1.4% vitrinite re-
flectance, VRo) in the Arkoma Basin in 2004 (Cardott, 
2012b). The low price of natural gas beginning in 2009 
shifted the focus of the Woodford Shale resource plays 
more toward condensate and oil areas. Figure 3 illus-
trates the expansion of the Woodford Shale oil/con-
densate play in the Anadarko Basin which began in the 
“Cana” (western Canadian County) area in 2007 and 
the “SCOOP” (South Central Oklahoma Oil Province) 
area in 2012.  
  
 The annual peak of 610 Woodford Shale well 
completions occurred in 2014 (Figure 4). The recent 
drop in oil prices beginning in mid-2014 has resulted 
in a significant decline in Woodford Shale comple-
tions (265 in 2016). Of the 4,389 Woodford-only well 
completions from 2004–2016, 91% (3,990 wells) are 
horizontal/directional wells and 9% (399 wells) are 
vertical wells; 1,204 Woodford Shale wells are clas-
sified as oil wells based on a gas-to-oil ratio <17,000: 
1 (Figure 5). Total vertical depths range from 368 ft 
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Figure 6. Chart showing initial potential gas rate vs. Woodford Shale total vertical depth (3,908 horizontal wells; 368 vertical 
wells).

Figure 7. Chart showing initial potential oil/condensate rate vs. Woodford Shale total vertical depth (2,243 horizontal wells; 63 
vertical wells).
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(Mayes Co.) to 19,547 ft (Grady Co.). IP gas rates 
range from a trace to 18.6 million cubic feet per day. IP 
oil/condensate rates range from a trace to 2,505 bopd 
(Garvin County). Reported oil gravities range from 21 
to 67 API degrees (49 API degrees is the approximate 
boundary between oil and condensate). Figures 6 and 
7 compare gas and oil/condensate initial potential rates 
to total vertical depth in vertical and horizontal Wood-
ford Shale wells, illustrating the advantage of horizon-
tal wells.  

 Jarvie and others (2005) proposed the following 
thermal maturity limits for the Barnett Shale (<0.55% 
VRo, immature; 0.55–1.15% VRo, oil window; 
1.15–1.40% VRo, condensate–wet-gas window; >1.4% 

VRo, dry-gas window). The four Woodford shale plays 
in Oklahoma are as follows (Figure 8): 

1) western Arkoma Basin in eastern Oklahoma with 
thermogenic methane production at thermal maturities 
from <1% to >3% VRo and oil/condensate production 
up to 1.67% VRo (Cardott, 2012b);

2) Anadarko Basin (Cana and SCOOP plays) in west-
ern Oklahoma with thermogenic methane production 
at thermal maturities from <1% to >1.6% VRo and 
oil/condensate production at thermal maturities up 
to ~1.5% VRo. See Cardott (2014) for a discussion 
of Woodford Shale oil production related to thermal 
maturity.

Figure 8. Map showing Woodford Shale-only initial potential oil rates on a geologic provinces map of Oklahoma with vitrinite 
isoreflectance contours (revised from Cardott, 2012b).
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3) Ardmore and Marietta Basins in southern Oklahoma 
with oil, condensate, and thermogenic methane pro-
duction at thermal maturities <1.8% VRo, primarily in 
the oil window;

4) north-central Oklahoma (Cherokee Platform and 
Anadarko Shelf) with oil and thermogenic methane 
production at thermal maturities <1.0% VRo. Cardott 
(2015) described a Woodford Shale thermal anomaly 
in Osage County.

 Three recent U.S. Geological Survey oil and gas 
assessments have included the Woodford Shale in 
Oklahoma. Houseknecht and others (2010) conducted 
an assessment of the natural gas resources of the 
Arkoma Basin Province in which they determined a 
Woodford Shale Gas assessment unit total undiscov-
ered resource of 10.7 trillion cubic feet of gas (Tcf). 
Higley and others (2014) conducted an oil and gas 
assessment of the Anadarko Basin Province in which 
they determined a Woodford Shale Oil assessment unit 
total undiscovered oil resource of 393 million barrels 
of oil (MMbo) and a Woodford Shale Gas assessment 
unit total undiscovered gas resource of 16.0 Tcf. Drake 
and others (2015) conducted an oil and gas assess-
ment of the Cherokee Platform Province of Kansas, 
Missouri, and Oklahoma. The Woodford/Chattanooga 
Total Petroleum System included the Woodford Shale 
Oil assessment unit (total undiscovered oil resource of 
460 MMbo and total undiscovered gas resource of 644 
billion cubic feet (Bcf)) and Woodford Biogenic Gas 

assessment unit (total undiscovered resource of 416 
Bcf).

Springer/Goddard shale

 The newest shale resource play in Oklahoma 
(2013–present) is the Mississippian-age lower Springer 
shale (Goddard shale; Andrews, 2003) in the SCOOP 
area in the southeastern Anadarko Basin (Figures 1 
and 2). Wang (1993) and Wang and Philp (1997, 2001) 
reported 36 Springer shale samples in the Anadarko 
Basin contained Type III kerogen with an average TOC 
value of 1.60 wt.% (range of <1–4.31 wt.%). Schad 
(2004) reported Goddard samples had 1.05–8.17 wt.% 
TOC from the New Dominion LLC 1 Beebe core from 
McIntosh County in the Arkoma Basin. Pearson (2016) 
concluded that the Goddard shale in the Anadarko 
Basin had Type II kerogen with <1–7.77 wt.% TOC. 

 Of 58 horizontal Springer/Goddard shale well 
completions in Carter, Garvin, Grady, and Stephens 
counties in 2013–2016, IP gas rates were 4–4,311 
Mcfd and IP oil/condensate rates (41–54° API grav-
ity) were 10–2,785 bopd at vertical depths of 11,332–
14,618 ft. The Springer/Goddard shale play is held by 
production so operators in the play in 2015 indicated 
no new drilling was planned for the year thereby hold-
ing on for higher oil prices (Toon, 2015b). Summaries 
of the play are in Bates (2015), Darbonne (2015), Nash 
(2014), Redden (2015), and Toon (2015a).
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Articles on Karsting in Oklahoma

Looking Down the Road
Coming up next in The Oklahoma Geology Notes

OGS Geologist Emeritus Kenneth Johnson 
addresses evaporite karst and collapse breccia  
in Permian Strata at the Canton Lake Dam, and  
OGS geologist Julie Chang discusses the geology  
at Natural Falls State Park. 


