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Map 1. Generalized geologic map of Arbuckle Mountains showing location of 
field trip stops. Modified from Johnson and others (1984, OGS Special 
Publication 84-1, figure 4, p. 5). 
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Map 2. Location of (A) Henry House Falls Quarry and I-35 road cut, and (B) 
McAlester Cemetery Quarry. Modified from Kirkland and others (1992, OGS 
Circular 93, figure 1, p. 39).  
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The following overview, as well as description of Stop 2a, are from Oklahoma Geological Survey Special 
Publication 93-3 by Cardott and Chaplin.

OVERVIEW OF ARBUCKLE MOUNTAINS GEOLOGY
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STOP 1A – SYLVAN SHALE TO CANEY SHALE TRANSITION 

By Galen W. Miller, Oklahoma Geological Survey 

 

Objectives and Things to See 

▪ Steeply dipping strata exposed along the south limb of the Washita Valley  
 Syncline. 
▪ Compare and contrast producing and non-producing gas shale lithologies 

 (the Sylvan versus the Woodford and Caney Shales). 
▪ Upper Ordovician - Lower Devonian Hunton Group, shallow to moderately  
 deep shelf carbonate ramp. 
▪ Initiation of deep water sedimentation – the Woodford Shale, Sycamore  
 Formation, and Caney Shale(?) (Upper Devonian - Lower Mississippian). 
 
 

Description – Good exposures of the Sylvan Shale, Hunton Group, the Sycamore 

Formation, and the base of the Caney Shale can be seen at this location. Though the 

Woodford Shale is present, it is poorly exposed and only the very base of the formation 

can be observed. 

 At this stop we are within the south limb of the Washita Valley Syncline.  Structural 

orientation of the formations is steeply dipping to the east, and is illustrated well by the 

Sylvan Shale-Hunton Group contact on the west side of the outcrop (Fig 1). 

 Very little study has been done on the Upper Ordovician Sylvan Shale.  For the most 

part the unit is fossil-poor, and so, little to no paleontological studies have been done on 

the shale to determine its sedimentological history or environments of deposition.  The 

Sylvan is very clay-rich and contains very little organic material, making it both a poor 

source rock for oil and gas (Burruss and Hatch, 1989), and equally a poor petroleum 

reservoir; however, it does constitute a very good trap rock for both Viola Limestone and 

Hunton Group reservoirs.  Current interpretation is that the Sylvan Shale represents fairly 
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shallow water deposition into the southern Oklahoma aulacogen, and marks an increase 

in clay-sized terrigenous clastic deposition, rather than an increase in water depth 

compared to depositional conditions that were occurring during Viola deposition (Brown  

 

 

 

and Grayson, 1985).  Once terrigenous influx ended, carbonate production resumed in the 

southern Oklahoma aulacogen with the deposition of the Hunton Group. 

 The Hunton Group is composed of a number of thin lithostratigraphic units that were 

deposited throughout the Late Ordovician and ending in the Early Devonian.  Essentially 

the units of the Hunton represent shallow- to moderately deep-water sedimentation along 

a carbonate ramp (Stanley, 2001).  Most units are very fossiliferous, and many world-

1.
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renown Silurian and Devonian fossil localities occur within the Group.  Lithologically, 

the Hunton consists of all manner of carbonate textures and fabrics, including oolitic 

grainstones, skeletal grainstones, packstones and wackestones, and argillaceous carbonate 

mudstones (Fig. 2).  A number of unconformities occur within the sedimentary package 

that testifies to deposition along a stable, shallow water shelf that was periodically 

affected by fluctuating sea level. 

 



18

 

  

 The Hunton Group is also a fairly important petroleum reservoir, particularly in the 

Anadarko Basin.  In areas where it has good hydrocarbon potential the Hunton facies 

tend to consist exclusively of shallow water grainstone textures that underwent secondary 

2.
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porosity and dolomitization (i.e., the Keel, Cochrane, and Henryhouse Formations) (Fig. 

1). 

 After Hunton deposition (latest Early Devonian), the southern Oklahoma aulacogen, 

as well as most areas across the cratonic shelf in Oklahoma, experienced a major 

regression that caused extensive erosion of older units.  Evidence for this period of 

erosion, which lasted into the Late Devonian, consists of the absence of about 110-150 

feet of Hunton section (Frisco and Bois d’Arc Formations) at this locality (Fig. 2).  

Instead Upper Devonian Woodford Shale rests on top of Lower Devonian Haragan 

Formation. 

 Toward the end of the Middle Devonian or at the beginning of the Late Devonian the 

aulacogen underwent extensive subsidence, commensurate with deposition of deeper 

water marine shales of the Woodford Shale (Upper Devonian through Lower 

Mississippian).  The Woodford consists of an organic-rich, fissile black shale with 

abundant chert nodules and beds; phosphate nodules are common throughout, and 

sandstone usually occurs at the base of the formation.  Given the shales high organic 

content, the depositional environment of the Woodford was anaerobic deep water 

conditions.  The Woodford Shale represents major source for hydrocarbons in Oklahoma.  

Although the Woodford is not well exposed at this locality, one can get a better look at it 

at the next stop. 

 Deep water deposition and subsidence continued in this area as the Woodford grades 

into the overlying Sycamore Formation and Caney Shale (Delaware Creek Shale of Fay, 

1989).  Here, the Sycamore is represented by a dense, slightly argillaceous, 

unfossiliferous carbonate mudstone, with local shale partings and interbeds (Fig. 3).  Due 
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to the lack of fossils and sedimentary structures a precise interpretation of the 

environment of deposition for the Sycamore is not possible.  However, some complex, 

horizontal trace fossils have been found along bedding planes suggesting that 

sedimentation rates were slow and possibly occurred under deep water conditions (Brown 

and Grayson, 1985). 

 

 

 

 It is unclear, but at the far east end of the outcrop the base of the Caney Shale may be 

exposed.  Here shale, which may or may not be Caney, is in sharp contact with the 

Sycamore Formation; in fact the beds in this part of the section are overturned, again 

owing to severe deformation along the south limb of the Washita Valley Syncline (Fig. 

3.
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3).  The shale looks similar to the Woodford: fairly organic-rich, fissile, with some thin 

interbeds of sandstone and siltstone; this evidence suggests that it is both a good source 

rock and a reservoir for hydrocarbons. 
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STOP 1B – WOODFORD SHALE 

By Galen W. Miller, Oklahoma Geological Survey 

 

Objectives and Things to See 

▪ Overturned beds of the Woodford Shale along the south limb of the Washita 
 Valley Syncline. 
▪ General lithostratigraphic characteristics of the Woodford Shale. 
▪ Highly siliceous nature of the basal beds of the Woodford Shale. 

 

Description – Unlike the last stop, this location affords a better look at the Woodford 

Shale.  The road that leads to this site transects the Hunton-Woodford section.  Note that 

the strata are slightly overturned, with the younger Woodford resting on top of the older 

beds of the Hunton.  As with the last stop, the uppermost units of the Hunton Group 

(Frisco and Bois d’Arc Formations) are missing, again highlighting the post-Hunton 

erosional event.  At this site, just east of the I-35 overpass, the Hunton-Woodford contact 

is covered by County Road 77D; lower beds of the Henryhouse Formation are exposed 

on the south side of the road, and the lower parts of the Woodford are exposed on the 

north. 

 The Woodford Shale is an organic-rich, fissile black shale that is lithostratigraphically 

equivalent to the Chattanooga, New Albany, and Ohio Shales found in the Eastern and 

Midwest United States.  As with most of these Devonian-Mississippian black shales, the 

Woodford was probably deposited in a deep marine environment, under highly anoxic 

conditions.  Compositionally, the Woodford averages 30% clay, 50% radiolarian chert, 

and 20% organic matter.  Total organic carbon varies from 5.4 weight % in the cherts to 
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as much as 13.7 weight % in the black shale (Roberts and Mitterer, 1992).  The high 

organic content of the formation underlines its value as a petroleum source rock. 

 Examining the lower beds of the Woodford, one notes a large proportion of thin beds 

of chert interbedded with equally thin intervals of fissile shale, and local sandstone lenses 

and partings.  This is typical of most Woodford exposures in the Arbuckle Mountains, 

where the lower and upper parts of the formation contain abundant chert, while the 

middle half is predominantly fissile shale (Fig 4). 

 

 

 

 

 

Figure 4. -- Overturned, cherty beds of the basal Woodford Shale.
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STOP 2A. WOODFORD SHALE 

Brian J. Cardott, Oklahoma Geological Survey 
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STOP 2B. THE CANEY SHALE ALONG PHILLIPS CREEK ON 
THE SOUTH SIDE OF THE ARBUCKLE MOUNTAINS

   Richard D. Andrews, Oklahoma Geological Survey  

 

  

STOP 2B:  The Caney Shale along Phillips Creek on the 
South Side of the Arbuckle Mountains 

 
By:  Rick Andrews 

Oklahoma Geological Survey 
May 22 and 24, 2007 

 
This outcrop is probably one of the best representative sections of the Caney Shale in southern 
Oklahoma. It consists of 334 ft gray to dark gray fissile shale and interbedded siltstone/carbonate 
strata (Boardman and Puckette, 2006). Located on the south flank of the Arbuckle Mountains 
and just off I-35 (Fig. 1) it is easily accessible and well exposed. 
 
This section exposes much of the Delaware Creek Member of the Caney Shale Formation – the 
middle member as mapped in the Lawrence Uplift area 35 miles northeast (Boardman and 
Puckette, 2006).. The upper and lower contacts of the Caney are not well exposed; the formation 
appears to be underlain directly by the Sycamore Limestone and overlain by the Goddard Shale. 
 
Stratigraphy 
 
The Caney Shale is a formal formation name applied to surface and subsurface mapping in 
south-central and southeastern Oklahoma. The name is also used in the deep Anadarko Basin of 
southwestern Oklahoma. The Caney appears to be litho-stratigraphically correlative to the 
Fayetteville Shale in the Ozark Uplift of northeastern Oklahoma and the Barnett Shale of north 
Texas. Being middle to upper Mississippian in age, these non-conventional reservoirs are all 
closely time correlative. 

 
In the Lawrence Uplift area, the Caney Formation is comprised of 3 members: the Sand Branch, 
Delaware Creek, and Ahloso. However, in the Ardmore Basin only the middle member is 
recognized. These stratigraphic relationships and formation ages are shown in Figure 2.   
 
More importantly, the Caney in the subsurface is distinguished by two distinct lithostratigraphic 
zones that probably have no affiliation to formal stratigraphic nomenclature. These zones include 
an upper interval consisting of shale and interbedded siliciclastics (largely siltstone) and 
subordinate carbonate beds. The lower zone is comprised mostly of fissile shale. Representative 
wireline log responses (Fig. 3) are shown for a well in the Arkoma Basin. In the Ardmore Basin, 
the Caney Shale may be several hundred ft thick but thins eastward to about 200–250 ft in the 
western part of the Arkoma Basin. In eastern Oklahoma and in far western Arkansas, the Caney 
is less than 100 ft thick. 

 
Rock Characteristics 
 
At this locality and elsewhere, the Caney Shale weathers light gray but is dark gray in freshly 
broken pieces. Pieces of shale weather with conspicuous fissility, are brittle, and splintery (Fig. 
4). Pieces of shale are very sharp to the touch and do not react with HCl. Although (phosphatic?) 
nodules are routinely found (Fig. 5) they are not abundant when compared to the amount of 
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nodules found in the Woodford. Macro fossils in the Caney are seldom found and fracturing is 
moderate at best. Vertical fractures generally extend only a few ft (Fig. 6) but may also die-out 
along bedding surfaces (Fig. 7). 
 
The Caney Shale is believed to be a deep water anoxic facies deposited far from shore. Despite 
this, regionally persistent siliciclastic beds occur in the upper part of the formation. These beds 
consist mostly of siltstone with silica and/or carbonate matrix cement. The siliciclastics are 
usually only a few ft thick but may be much thicker in the subsurface. At this location, they are 
lenticular in nature (Fig. 8) although their lateral distribution is widespread and stratigraphic 
position remarkably uniform. Upper and lower contacts with shale are sharp (Fig. 9). The 
siltstone? beds at this stop react easily with dilute HCl and faint bedding can be observed (Fig. 
10). Nevertheless, their environment of deposition and depositional process is an elusive detail to 
these sediments.  
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CANEY OUTCROP ALONG 
PHILLIPS CREEK 

I-35 

FIGURE 1 
Generalized Location Map    

of Stop 2B 
 

CANEY SHALE 
 

South side of the Arbuckle Mountains 
just west of I-35 and ~1.2 miles north 

of exit #42 (HY 53) along Phillips 
Creek: SE/4 sec. 25, T2S-R1E, 

Carter Co., OK 
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Figure 4, Stop 2B 
 
The Caney Shale characteristically weathers a light gray and is very fissile. Pieces of shale are 
splintery and very sharp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5, Stop 2B 
 
Nodules in the Caney Formation are frequently observed but not abundant. They are usually 
about an inch in diameter and presumed to be phosphatic in composition. Their distribution in 
the formation does not seem to have any relationship to the overall gamma-ray intensity as 
recorded in subsurface well logs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

Nodules
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Figure 6, Stop 2B 
 
Fracturing in the Caney Shale is 
vertical and widely spaced. 
Fracture length is relatively short 
and extends only a few ft before 
ending against other bedding 
surfaces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7, Stop 2B 
 
Fracturing and small-scale 
displacements locally die-out 
along bedding surfaces as shown 
here (note curvature of fracture 
above and left of penny) 
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and extends only a few ft before 
ending against other bedding 
surfaces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7, Stop 2B 
 
Fracturing and small-scale 
displacements locally die-out 
along bedding surfaces as shown 
here (note curvature of fracture 
above and left of penny) 
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Figure 8, Stop 2B 
 
Siliciclastic and carbonate beds occur in 
the upper part of the Caney Formation. 
Their lateral distribution is regional in 
nature and their stratigraphic position is 
remarkably consistent. Here, a 
calcareous/dolomitic siltstone? lens is 
exposed along Phillips Creek. The bed 
extends across the creek but is 
discontinuous immediately in front of 
OGS geologist Neil Suneson. Farther up 
the hill to the north this same bed is 
exposed for hundreds of feet. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 9, Stop 2B 
 
The siliciclastic and carbonate beds in 
the upper part of the Caney Formation 
often have sharp upper and lower 
contacts with shale yet no 
scouring/erosion is observed. Their 
depositional process and origin is highly 
speculative. 
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extends across the creek but is 
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the hill to the north this same bed is 
exposed for hundreds of feet. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 9, Stop 2B 
 
The siliciclastic and carbonate beds in 
the upper part of the Caney Formation 
often have sharp upper and lower 
contacts with shale yet no 
scouring/erosion is observed. Their 
depositional process and origin is highly 
speculative. 
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Figure 10, Stop 2B 
 
Sedimentary structures in the siltstone/carbonate beds are uncommon. Here, faint lamina across 
the center of the picture can be seen. In the upper left, faint cross bedding is also visible.  
 
 
 
 
 
 
 
 
 
 
 
 
 
   

Bedding lamina

Faint cross 
bedding?? 
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1 

Draft - Subject to Revision 

Stop 3. Complete section of Woodford Shale adjacent to the Henry House 
Falls Quarry on the south side of the Arbuckle Mountains. 
 
By Stanley T. Paxton, US Geological Survey - Oklahoma Water Science Center, 202 N.W. 66th, Bldg. 7, 
Oklahoma City, OK  73116 (with contributions from Michael Aufill, Alischa Krystyniak, and Anna Cruse) 
 
Note: This field location is private property.  The field site is not accessible to the general public 
after completion of the May 24, 2007 field trip. 
 
To date, this location may represent 
one of the best preserved (and 
complete) sections of the Upper 
Devonian - Lower Mississippian black 
shale lithofacies in the world.  Past 
work at this field site focused on 
exposures on the floor of the Henry 
House Falls Quarry, located just to 
the east of Henry House Creek and 
the north-south ranch road.  The 
lithofacies in the quarry are well 
described by Kirkland and others 
(1992).  Hass and Huddle (1965) 
measured the creek section and also 
described the conodont 
biostratigraphy (the classic Hass “A” 
biostratigraphic section).  Over 
(1992) determined the conodont 
biostratigraphy from the basal part of 
the section along the creek.  
Schwartzapfel and Holdsworth (1996) 
described the occurrence of 
radiolarians in the highwall exposure 
located to the south of the quarry.   
 
Krystyniak (2005) was the first to 
measure the gamma-ray character of 
the exposure along the west side of 
Henry House Creek.  Magnetic 
susceptibility of the outcrop and 
association with gamma-ray 
response was evaluated by Aufill 
(2007).   
 
For purposes of description, the 
resistant beds (siliceous and 
carbonate) at this locality were 
identified and labeled from the base 
of the Woodford section to the top of 
the outcrop using a permanent 
marker.  In turn, the thickness of 
each resistant bed was measured.  The thickness of each intervening fissile interval was also measured.  
Spectral gamma-ray readings (K, U, and Th) were collected every 15 cm (6 inches) on the outcrop face to 
yield about 462 sets of measurements from base to top.  Samples for laboratory analyses were taken 
throughout the section based on the character of the gamma-ray response and the variations in lithology. 
 

Figure 1 - Spectral gamma-ray profile of the Henry House 
Creek section.  The letters and numbers correspond to sample 
locations with high gamma-ray response.  Note the 
designation of the informal members or subdivisions of the 
formation. 

Sub-A 
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Draft - Subject to Revision 

The Henry House Creek exposure is about 231 feet in vertical thickness.  The unit contains three informal 
members (as defined by Lambert, 1993, for Kansas and northwestern Oklahoma) and up to eleven high-
resolution intervals based on gamma-ray response. 
 
The shale lithofacies are organic-rich throughout and either fissile or siliceous (chert-like).  All lithofacies 
are finely laminated and no obvious evidence for bioturbation at this locality has been noted to date.  
Pyrite occurs throughout the section, 
though a few thin (cm-thick) intervals are 
enriched in pyrite, particularly in the 
fissile (middle) part of the section.  The 
upper part of the section contains an 
abundance of spherical phosphate 
nodules.  Most of these nodules contain 
porosity.  Large dolomite concretions 
and/or beds occur at three locations in 
the section.  The dolomite beds near the 
top of the section are saturated with 
liquid hydrocarbon.  In all cases, the 
dolomite is very finely crystalline, 
nonporous, and very dense (see 
Krystyniak, 2005). 
 
On the north end of the exposure, the 
contact of the Woodford with the 
underlying Hunton Group carbonates (Bois 
de Arc Limestone at this locality) is hidden 
in the tributary creek bed that joins Henry 
House Creek from the west.  The contact 
may be a subtle angular unconformity on 
the regional scale.  Locally, the contact 
appears to be a disconformity surface 
because the dip on the underlying beds is 
not discernable.  In the subsurface, the 
Hunton Group carbonates contain karst 
and organized erosional patterns on the 
unconformity surface that appear to be 
fluvial in origin.  The Hunton Group 
carbonates produce significant volumes of 
oil and gas.  On a continental scale, this 
unconformity is referred to as the Acadian 
Unconformity. 
 
From base to top, the Henry House Creek 
outcrop contains about 940 discrete beds.  
Fissile beds make up about 50% of this 
total (466 beds).  Siliceous beds constitute 
about 49% of the total beds (460 beds).  
About 1% of the beds are carbonate, 
mostly dolomite (12 beds).  Fissile beds 
range from a fraction of an inch to about 5.4 feet in thickness.  Siliceous beds range from about 0.125 
inches to 4.75 inches in thickness.  The mean thickness of the siliceous and fissile beds is 1.3 and 4.5 
inches respectively.  In terms of gross interval thickness, siliceous beds (which are brittle) make up a 
progressively greater proportion of the total stratigraphic section from gamma-ray marker E to marker G1. 
 

Figure 2 - Reconstruction of late Devonian 
paleogeography downloaded from the website of Dr. 
Ron Blakey (University of Northern Arizona).  Inset: 
Lambert, 2005. 

Figure 3 - Paper shale exposed in the quarry floor of 
Henry House Creek and McAlister Cemetery Quarry. 
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Draft - Subject to Revision 

The basal portion of the section at this location contains alternating intervals of fissile (85%) and siliceous 
shale (15%).  The thickness of the lower informal member is 52 feet (15.8 meters) and extends from 
gamma-ray marker Sub-A to the base of gamma-ray marker C.  The siliceous layers in this lower member 
contain radiolarians that are visible in some of the hand samples.  Some of the siliceous layers contain 
inclusions of mudrock at the center of the siliceous beds that are a few centimeters in diameter.  These 
mudrock occurrences, isolated within 
siliceous beds, appear to be portions of 
the original sediment that were not 
completely silicified.  The mudrock 
inclusions preserved within the siliceous 
beds have a slight pinkish color, 
suggesting the lower part of the Woodford 
may have been deposited initially as 
Devonian red mud.  Some of the bedding 
planes in this lower portion of the section 
also have a smooth feel to the touch that 
is reminiscent of kaolinite clay. 
 
The first major gamma-ray kick at the 
base of the section is located about 10-15 
feet above the contact with the underlying 
Hunton carbonates.  The shale interval 
between the underlying Hunton carbonate 
and this first major gamma-ray response 
(A) is relatively K and Th rich according to 
the spectral data.  This K and Th portion 
of the section is also the interval that 
appears to contain petrified wood 
(Callyxylon, see Arnold, 1957).  The 
organic matter type in the lower member 
of the Woodford is woody-coaly 
according to Lambert (1993).  In total, 
the observations for the base of the 
Woodford section along Henry House 
Creek are suggestive of a relatively rapid 
transgression of the sea across an 
erosional surface that was actively 
accumulating sediment from an adjacent 
continental land mass.  The landmass 
was populated with plants. 
 
The middle portion of the section is 
dominantly fissile (92%) with a few, 
poorly developed and thin siliceous 
beds. This informal member is 95 feet 
(29 meters) in thickness.  This interval 
extends from the base of gamma-ray 
marker C up to the top of gamma-ray 
marker #2.  Strong gamma-ray markers 
D, E, and marker #1 also occur in this 
interval.  Based on resistance to erosion 
as exhibited by the small rapids in the stream, the silica content in the shale is beginning to increase 
between gamma-ray markers E and #1.  Gamma-ray marker #1 and #2 contain the greatest 
concentrations of U in the outcrop (107 and 112 ppm U respectively).  In terms of spectral-gamma ray, 
gamma-ray marker #1 contains a relatively large volume of K and Th in comparison to the immediately 
underlying units.  The K and Th in gamma-ray marker #1 is similar to the abundance of K and Th present 

Figure 4 - Hydrocarbon saturated dolomite in the upper 
member of the Woodford.  The inset is a thin section 
view of the finely-crystalline dolomite groundmass. 

Figure 5 - Fissile and siliceous beds in the Woodford.  
The TOC is greater in the fissile beds than in the 
siliceous beds.  Fissile and siliceous beds alternate at 
the scale of centimeters in some locations along the 
outcrop. 
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in the interval just below gamma-ray marker A, located at the base of the outcrop.  Perhaps the increase 
in K and Th is related to a tectonic uplift in the sediment source area or perhaps the development of a 
wetter climate (?) in the hinterland.  In contrast, gamma-ray marker #2 displays a precipitous drop in K 
and Th abundance relative to underlying units. 
 
The absence of siliceous beds in the middle member has a direct bearing on the mass wasting of the 
outcrop.  When present, the siliceous beds tend to reinforce the integrity of the outcrop and help to hold 
the fissile beds in place.  In the absence of the siliceous beds, large sub-vertical tension fractures have 
developed in the outcrop face of the intervals dominated by fissile beds. 
 
The upper portion of the Woodford at this locality (84 feet or 25.5 meters in thickness) contains siliceous 
beds (55%), fissile beds (44%), and a few dolomite layers (1%).  This informal member is defined by the 
top of gamma-ray marker #2 up through the contact with the overlying lower Mississippian limestone and 
shale intervals (gamma-ray markers F, G1, and G inclusive).  The occurrence and thickness of siliceous 
beds increases dramatically above gamma-ray marker #2.  This change in lithology is one of the most 
dramatic in the physical appearance of the outcrop.  The two strong eastern deflections in the stream 
drainage that occur in this reach of Henry House Creek are directly related to the abundance of siliceous 
beds that occur in the upper part of the Woodford Shale.  The upper contact of the Woodford can be 
located near the top of the outcrop 
(coincident with a vegetation change).  
Well developed Sycamore Limestone is 
present in the creek about 150 feet to 
the south of the last occurrence of a 
Woodford Shale siliceous bed. 
 
Three distinct beds of dense dolomite 
occur up the upper member.  These 
beds increase in thickness up-section.  
The dolomite is finely laminated and 
saturated with hydrocarbon.  The 
dolomite weathers to a characteristic dull 
white color.  The upper most dolomite 
occurs just below the position in the 
outcrop where the phosphate nodules 
become most abundant. 
Spherical phosphate nodules are locally 
abundant in the lower upper half of this 
informal member, just above the 
dolomite beds.  Based on compaction of 
layers both in and around the phosphate 
nodules, growth of the nodules appears 
to have occurred shallow in burial.  In some cases, the bedding surfaces that bound the nodule-rich 
intervals are curved and wavy, appearing to exhibit evidence for wave energy.  On the other hand, the 
layering also exhibits characteristics of “pinch and swell” and may suggest that relief on the nodules near 
the sediment-water interface was locally significant enough to influence sedimentation around the 
nodules. The phosphate nodules are not noticeably enriched in U. 
 
The spectral character of the gamma-ray is diminished in both K and Th from marker #1 to the top of the 
outcrop.  In contrast, the abundance of U in the upper part of the section stays relatively constant up 
through marker G1.  The mutual relations of the spectral response may suggest that sedimentation rate 
remained relatively constant (as gauged by the U) while terrestrial sediment provenance (as recorded by 
K and Th) either changed or became more distant.  A logical explanation would be that marine flooding of 
the craton in this interval of time may have sequestered sediment further back toward the hinterland.  An 
alternative explanation is that the K and Th have been diluted by the addition of progressively greater 
volumes of silica (from radiolarians that now form a significant volume of the siliceous shale). 
 

Figure 6 - Typical millimeter-scale laminations in the 
Woodford of south-central Oklahoma (from Ryan Shale 
Pit).  The fine-scale of lamination is maintained across 
all lithologies (siliceous, fissile, and dolomite). 
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Figure 7 - Bed thickness for both siliceous (left) and fissile intervals (middle) in the Woodford Shale 
at Henry House Creek.  The ratio of brittle (siliceous) to gross interval is shown on the right. 
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Figure 10 - Comparison of a gamma-ray well log from the subsurface of Murray County to the 
synthetic profile compiled for the Woodford Shale at Henry House Creek.  Some of the major 
peaks that serve as correlation points are indicated. 
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Stop 4. Woodford Shale exposed in McAlister Cemetery Quarry in the 
Criner Hills. 
 
By Stanley T. Paxton, US Geological Survey - Oklahoma Water Science Center, 202 N.W. 66th, Bldg. 7, 
Oklahoma City, OK  73116  (with contributions from Alischa Krystyniak, Michael Aufill, and Anna Cruse) 
 
This quarry is a source of road aggregate for the Carter County and the City of Ardmore.  The Woodford 
exposed in the heart of this quarry is similar in gross physical appearance to the shale exposed in the 
floor of the Henry House Creek Quarry.  However, upon closer inspection, the details of the Woodford 
exposed throughout this quarry are quite different than observed along the west side of Henry House 
Creek. 
 
The Woodford Shale lithofacies exposed in the McAlister Cemetery Quarry were described by Kirkland 
and others (1992).  Schwartzapfel and Holdsworth (1996) described the radiolarian biostratigraphy for this 
locality.  The conodont biostratigraphy is summarized in Over (2002). 
 
Kirkland and others (1992) report that a complete Woodford section is present in the quarry (365 feet or 
111 meters).  The Woodford Shale contact at the base of the quarry is with the underlying Hunton Group 
carbonates (Haragan Limestone).  The limestone blocks at the base of the section (south side of quarry) 
appear to be in place, though excavation has beveled out the Woodford Shale and the contact is not 
directly visible.  The base of the Woodford at this locality appears to be dominated by fissile shale to the 
exclusion of siliceous shale.  In contrast, the base of the Woodford along Henry House Creek has 15% 
siliceous shale. 
 
Krystyniak (2005) was the 
first to collect spectral 
gamma-ray data at this 
location.  Krystyniak’s 
gamma-ray profile was 
compiled with data from the 
quarry floor.  The character of 
the gamma-ray profile 
appears similar to the profile 
through the fissile middle 
member at Henry House 
Creek.  Krystyniak’s work 
does not include gamma-ray 
measurements from the base 
of the section or from the 
siliceous beds in the highwall.  
Spectral gamma-ray data 
collection from the lower and 
upper part the Woodford at 
this location is in progress by 
Paxton and others.  Work to 
date suggests that the strong 
gamma-ray double peak 
noted at Henry House Creek 
is present here in the McAlister Cemetery Quarry. 
 
Aside from the characteristic gamma-ray signature, this quarry contains two significant features not 
observed in our last stop at Henry House Creek: (1) an upper member that is very siliceous with 
extremely abundant and well developed nodules and concretions and the (2) occurrence of bitumen 
concentrations along fractures. 
 

Figure 1 - Gamma-ray profile for the quarry floor at McAlister 
Cemetery Quarry.  The base of the section (as labeled in the distance) 
is near the contact with the underlying Hunton Group carbonates 
(Haragan Limestone).  This portion of the quarry floor represents the 
middle member of the Woodford and is dominantly fissile shale. 
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The quarry highwall contains abundant 
siliceous shale, phosphate nodules, 
dolomite, and some chert.  From a 
lithostratigraphic point of view, the 
siliceous upper unit appears to be a lateral 
stratigraphic equivalent to the upper 
member at Henry House Creek.  In 
contrast to Henry House Creek, however, 
the degree of primary silicification 
(assumed from documented occurrence of 
radiolarians) and the abundance of 
phosphate nodules suggest that this 
portion of the ancient seafloor was overlain 
by a water column with extremely high 
biologic activity (high primary productivity).  
 
Based on density of siliceous hand 
samples, the shale contains abundant 
microporosity (for housing natural gas).  
The phosphate nodules are also highly 
microporous (based on thin sections).  The 
white coloration is this portion of the 
Woodford Shale is attributed to “bleaching” 
during the Pleistocene (according to 

Figure 2 - Comparison of gamma-ray profiles from McAlister Cemetery Quarry 
(left) and Henry House Creek.  The style of correlation between the two locations 
(letters and numbers as tie points) is based on simple pattern matching and the 
occurrence of large abundances of potassium and thorium in Peak 1 at both 
locations relative to Peak 2.  (Note: The individual signatures for potassium and 
thorium are not provided in the figure above.) 

Figure 3 - Concentric phosphate nodule in the upper 
Woodford.  Note contortion of laminations around the 
nodule.  Thin-section inset demonstrates that the 
nodules contain abundant porosity (blue dye indicating 
pore spaces). 
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Kirkland and others, 1992).  However, their 
analysis also indicates that the TOC of this 
interval is high despite the bleaching.  
Consequently, the white coloration may be a 
by-product of oxidized hydrocarbon. 
 
The bitumen (degraded liquid hydrocarbon) 
occurs in the fracture system of the upper 
part of the middle member.  Bitumen in this 
geographic vicinity has been described by 
Lewan (1987).  According to Lewan (1987), 
the Woodford Shale in this location is in a 
pre-oil generative state.  Consequently, 
bitumen recognized in fractures of source 
rock may not be related to primary migration 
but instead to secondary migration of 
hydrocarbon.  In the case of secondary 
migration, the oil in the fractures today 
would have migrated into the fracture 
system of the shale from deeper and more 
thermally mature hydrocarbon source rock.  
Consequently, the bitumen in the fractures 
is a consequence of secondary migration and not primary migration.  However, careful examination of the 
bitumen occurrence in the fractures of the Woodford in this location is suggestive of primary migration.  
The tapering of the fractures and the rhythmic co-occurrence of bitumen with the fractures over several 
vertical feet may provide direct evidence for very local primary migration of hydrocarbon.  From a 
lithostratigraphic point of view, this hydrocarbon occurrence is about twenty feet below the strong double 
gamma-ray peaks (gamma-ray markers #1 and #2) observed both here and along Henry House Creek. 
 
The McAlister Cemetery Quarry is about 20 miles from the Henry House Creek Woodford Shale 
exposure.  Comparison of the two localities provides evidence for significant lateral facies changes in the 
Woodford Shale.  Supporting evidences includes 1) the absence of siliceous shale at the base of the 
Woodford in this quarry relative to Henry House Creek and 2) the abundance of siliceous shale and 
phosphate nodules in the upper member of the Woodford here at McAlister Cemetery Quarry versus that 
observed at Henry House Creek.  These data suggest that the internal properties of gas shale within 
predefined lithostratigraphic units can change significantly over relatively short distances.  Significant 
changes in shale properties will have a major impact on gas shale resource assessments and 
exploration/production strategies. 
 
As a point of interest, the folded portion of the upper siliceous member exposed in the highwall of the 
McAlister Cemetery Quarry is similar in appearance to the chert-rich Miocene Monterey Formation of 
coastal California (image of the Monterey and G.K. Gilbert for scale included below). 
 
Kirkland, D.W., R.E. Denison, D.M. Summers, and J.R. Gormly, 1992, Geology and organic geochemistry 

of the Woodford Shale in the Criner Hills and western Arbuckle Mountains, Oklahoma, in K.S. 
Johnson and B.J. Cardott, eds., Source rocks in the southern midcontinent, 1990 symposium: OGS 
Circular 93, p. 38-69. 

 
Krystyniak, A.M, 2005, Outcrop-based gamma-ray characterization of the Woodford Shale of south-

central Oklahoma, Unpublished MS thesis, Oklahoma State University, Stillwater, Oklahoma, 145 p. 
 
Lewan, M.D., 1987, Petrographic study of primary petroleum migration in the Woodford Shale and related 

rock units, in: Migration of Hydrocarbons in Sedimentary Basins, Collection 45, Doligez, B, ed., 2nd 
IFP Exploration Research Conference, Carcans, France, June 15-19, p.113-130. 

 

Figure 4 - Siliceous shale in the upper member of the 
Woodford Shale.  Nodules (arrows) at this location are 
very abundant and quite large. 
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Miocene Monterey 
and G.K. Gilbert 

McAlister Cemetery 
Quarry 

Figure 5 - Folding and faulting of shale in the Woodford exposure, McAlister Cemetery Quarry (left). 
The photo on the right side shows an image of G.K. Gilbert on an exposure of vertical Monterey 
Formation chert, California. 
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The photo on the right side shows an image of G.K. Gilbert on an exposure of vertical Monterey 
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Figure 6 - Bitumen accumulation along a fracture network in the McAlister Cemetery Quarry, south-
central Oklahoma. 
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Figure 6 - Bitumen accumulation along a fracture network in the McAlister Cemetery Quarry, south-
central Oklahoma. 
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Figure 8 - Mike Aufill adjacent to a respectably-sized concretion at the 
McAlister Cemetery Quarry, 2004.  The concretion is composed of calcite 
that, in turn, encases nodules of phosphate. 

Figure 7 - Alischa Krystyniak measuring the spectral gamma-ray character 
of the Woodford Shale at McAlister Cemetery Quarry, 2003 


