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                             INTRODUCTION TO FIELD GUIDE

October, 2008 

Field Trip Participants and Interested Parties:

Oklahoma Geological Survey Open File Report 2-2008, Oklahoma Gas Shales Field Trip, is a re-
cent and up-to-date compilation of observations and data about gamma-ray well log response, 
lithology (or lithofacies), and organic petrology from Woodford Shale exposures located in the 
Arbuckle Mountains and Criner Hills of Oklahoma.

Pages 6-26 are reprinted from the Oklahoma Geological Survey Special Publication 93-3 by Car-
dott and Chaplin entitled “Guidebook for Selected Stops in the Western Arbuckle Mountains, 
Southern Oklahoma”. Publication 93-3 provides a general context for the regional geological 
setting of the Arbuckle Mountains and the Woodford Shale.

New Woodford Shale data and discussions are provided on pages 29-82 of the fi eld guide. These 
pages include data about spectral gamma-ray response relative to shale lithofacies, stratigra-
phy, and organic petrology of the Woodford Shale for each of the fi eld-trip stops. The strati-
graphic discussions in the fi eld guide focus on variations in the internal stratigraphy of the 
Woodford based on the distribution and volume of 1) potassium, uranium, and thorium gamma-
ray response, and 2) total organic carbon content (TOC). Stratigraphic relationships of spectral 
gamma-ray response and TOC to the underlying Hunton Group limestone are also addressed 
during the trip.

Some observations about lithologic controls on fracture occurrences in the Woodford are high-
lighted at two of the fi eld-trip stops.  

Lastly, the appendix contains some geochemical data for the solid bitumen occurrences from 
the Woodford Shale collected at the McAlister Cemetery Quarry. The data collection and report-
ing was conducted by Tim Ruble of Humble Geochemical Services, Humble, Texas.

Please have a safe and successful fi eld trip!

 Stan Paxton, USGS-Oklahoma Water Science Center, Oklahoma City
 Brian Cardott, Oklahoma Geological Survey, Norman
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1A
1B

2

Map 1. Generalized geologic map of Arbuckle Mountains showing location of fi eld trip 
stops 1A, 1B, and 2. Stop 3 is not shown on this map. Modifi ed from Johnson and others 
(1984, OGS Special Publication 84-1, fi gure 4, p. 5).

                             FIELD TRIP STOPS
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3

Map 2. Location of (A) Henry House Falls Quarry (stop 2), and (B) McAlister Cemetery 
Quarry (stop 3). Modifi ed from Kirkland and others (1992, OGS Circular 93, fi gure 1, p. 
39). 
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Overview at Stop 1a and description of Stop 2a are from 
Oklahoma Geological Survey Special Publication 93-3 by 
Cardott and Chaplin.

The following overview is from Oklahoma Geological Survey Special Publication 93-3 by Cardott and Chaplin.

                           
                       

  OVERVIEW OF ARBUCKLE MOUNTAINS 
GEOLOGY AND WOODFORD SHALE 
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STOP 1A  Overturned Woodford Shale exposure along northeast side of   
  State Route 77D, west of Interstate Route 35.

Location  NH NE¼ SW¼ NE¼ Section 30, Township 1 South, Range 2 East
  Murray County, Oklahoma. Turner Falls Quadrangle (7.5’ series)
  Northeast side of State Route 77D.

Introduction

Two essential parameters for gas-shale pro-
spectivity are 1) a hydrocarbon gas source, and 
2) susceptibility of the shale to fracturing (a 
fracturable lithology). Lacking either enough 
organic matter to generate commercial quan-
tities of gas (for a given thickness) or a brit-
tle lithology (lacking conventional permeable 
reservoirs within a “shale” formation, such 
as siltstone, sandstone, or carbonate lenses), 
gas-shale potential is limited. 
   
“What is a shale?” Is it based on grain size or 
lithology?  At the formation level, the term 
“shale” (e.g., Woodford Shale) is used as a de-
scriptive term for the predominant lithology of 
a basic lithostratigraphic unit (North American 
Commission on Stratigraphic Nomenclature, 
2005). Based on grain size, Neuendorf and oth-

ers (2005) defi ne shale as “A laminated, indu-
rated rock with >67% clay-sized minerals; a 
claystone with fi ssility.”  

Well-log analysts tend to separate shale from 
sandstone/limestone/dolomite in a wellbore 
on the basis of geophysical logs. Using a com-
bination of logs, portions of any given strati-
graphic section will be classifi ed as “shale” 
even though, upon inspection in core or thin 
section, the lithology may be siltstone, shale, 
mudstone, or claystone. By defi nition, siltstone 
is dominated by silt-size particles (relative to 
clay) whether laminated or not. Shale, mud-
stone, and claystone are dominated by clay 
(relative to silt).  Shale is laminated; mudstone 
and claystone are not laminated.  “Mudrock” 
is a generic term for all silt and clay-sized lith-
ologies regardless of lamination. Distinctive 
lithofacies contain different petrophysical and 
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geomechanical properties that infl uence gas 
production in the subsurface. Lithologies that 
are easily fractured, such as silica- or carbon-
ate-rich lithologies, are essential for shale-gas 
production. 

The Woodford Shale (Late Devonian-Early Mis-
sissippian) is an important hydrocarbon source 
rock in Oklahoma. The Woodford has recently 
become an important gas source rock and res-
ervoir. As a gas shale, it contains both a gas 
source (from oil-generative Type II Kerogen) 
and a brittle lithology (a silica-rich lithofacies) 
that is susceptible to fracturing. However, the 
silica-rich lithology of the Woodford Shale is 
not detrital quartz but primarily siliceous pe-
lagic deposition from radiolarian tests (amor-
phous silica) to form an ooze on the ancient 
seafl oor that has been very locally redistrib-
uted during early diagenesis of the Woodford 
Shale to form quartz and chert. 

There is not a publicly accessible complete 
section of the Woodford Shale in the Arbuckle 
Mountains.  Stop 2 is a complete section of the 
Woodford Shale on private property. Stop 1A 
includes the lower and middle members of the 
Woodford Shale and one of the best exposures 
of the basal erosional contact of the Wood-
ford Shale with the underlying Hunton Group.  
The upper Woodford Shale member and upper 
contact with the Sycamore Formation is pres-
ent on the east side of I-35.  This stop concen-
trates on the Woodford Shale/Hunton contact 
and members, lithofacies, and thermal matu-
rity of the Woodford Shale.

Stratigraphy

Fay (1989, p. 46) described the Woodford Shale 
along I-35 on the north fl ank of the Arbuckle 
Anticline (Marker No. 36). The uppermost for-
mations of the Hunton Group (Frisco and Bois 
d’Arc) are missing at this location.

Woodford Shale (274 ft thick) described from 
(1) upper contact with Sycamore Limestone to 
(5) lower contact with Hunton Group Haragan 
Formation.

1. Shale and siltstone, gray to greenish-gray, 
pyritic, glauconitic near middle, thin-bed-
ded, platy, moderately to weakly indurated, 
with many 1- to 2-in. phosphatic nodules in 
basal 2 ft…………………….…………………....6.0 ft

2. Shale, dark-gray, thin-bedded, platy, weakly 
indurated, well-indurated where cherty, with 
many 1- to 3-in. beds of light-gray to tan chert 
and many 1- to 2-in. phosphatic nodules; 
partly covered in lower 10 ft; eroding into a 
slope………………….……….…………………….28.0 ft

3. Shale, dark-gray, thin-bedded, platy, weak-
ly indurated, crinkly-bedded, alternating 
with 1- to 2-in. beds of gray to tan mod-
erately to well-indurated chert, with 2- to 
3-in. pyrite nodules in lower 60 ft; covered 
from 60 to 75 ft below top; eroding into a 
slope; the upper 160 ft was measured on 
the east side of east lane to Station 2675 + 
75’ and then extrapolated to west side of 
west lane to Station 2679 + 50’ at top of the 
lower 67 ft………………………………………227.0 ft

4. Shale, greenish-gray to dark-gray, mottled 
lavender, cherty, thin-bedded, platy, weakly 
indurated……………………..………………….11.0 ft

5. Shale, greenish-gray to lavender, glauco-
nitic, well-indurated, conglomeratic, with 
small angular pieces of tan to greenish-
gray arenaceous limestone; Station 2677 + 
75’ at unconformable contact with under-
lying Haragan Formation, west side, west 
lane………………………………….…………......2.0 ft

Woodford Shale strike N70°W, dip 78° SW 
(overturned)

The Woodford Shale at Stop 1A is north of the 
Washita Valley Fault and currently resides on 
the craton-side of the southern Oklahoma aul-
acogen.  The Woodford Shale has been divided 
into three informal members based on micro-
paleontology (Urban, 1960), chemistry (Sulli-
van, 1985), and electric log response (Hester 
et al., 1990). Recently, Paxton and colleagues 
have identifi ed three members in the Wood-
ford Shale based on spectral gamma-ray (SGR) 
readings taken every 6 in. over a 231 ft com-
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plete section of the Woodford Shale in the 
southern Arbuckles. The southern Arbuckles 
section will be discussed during Stop 2.

An SGR profi le was constructed for the State 
Route 77D (Stop 1A) exposure. The 77D SGR 
profi le begins in the upper 2.5 ft of the Hunton 
Group (Haragan Formation) and transitions 
abruptly upward into about 3.5 ft of shale, 
siltstone, and very-fi ned grained greenish-gray 
sandstone before giving way to a siliceous and 
organic-rich Woodford Shale-type lithology. 
The upper bounding surface of the limestone, 
representing the Acadian Unconformity, is dis-
colored by iron-staining and broken into large 
blocks that appear to honor the orientation 
of the regional joint sets. The surfaces of the 
joints in outcrop are coated with angular piec-
es of carbonate-cemented gravel that repre-
sent a localized carbonate-clast conglomerate 
associated with development of the unconfor-

mity surface.

The transitional shale (between the Hunton 
and Woodford) is gray, fi nely laminated, and 
likely represents a proto-Woodford Shale li-
thology. The lithology refl ects changing condi-
tions in the depocenter as the Woodford sea 
encroaches on the underlying unconformity 
surface. The transitional shale exhibits smooth 
joint faces typical of a Woodford Shale lithol-
ogy. The thin intervals of siltstone and sand-
stone contain fragments of nodules (probably 
diagenetic phosphate) and internal casts of 
invertebrate fossils. Though not verifi ed by x-
ray diffraction analysis, the siltstone and very-
fi ne grained greenish-gray sandstone appear 
to contain glauconite. Collectively, the silt-
stone and very-fi ne grained sandstone appear 
to represent a transgressive-lag surface. This 
surface is better preserved on the north side 
of the Henry House Creek shale quarry.  Here 

Total gamma-ray 
response across 
the contact of 
the Hunton Group 
carbonate (Haragan 
Formation, to the 
right or south) and 
the overlying Wood-
ford Shale (to the 
left or north). The 
beds at this location 
are slightly over-
turned. The portion 
of the stratigraphic 
section between 
the green arrows is 
transitional section 
between the top 
Hunton unconfor-
mity and the Wood-
ford Shale. The 
transitional section 
contains shale, silt-
stone, and very fi ne 
grained glauconitic 
sandstone.
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at Stop 1A, the details of the layering in the 
lithologic transition between the Hunton and 
Woodford is slightly confounded by structural 
development of the Arbuckle Mountains. The 
structuring has resulted in some ductile fl ow 
of these transitional lithologies sandwiched 
between the rigid Hunton Group limestone and 
the siliceous Woodford Shale. The gamma-ray 
response across the basal contact of the Wood-
ford with the Hunton is provided in an accom-
panying fi gure. Rotate the fi eld guide image 
of the basal part of the section to help visual-
ize the vertical gamma-ray profi le through this 
portion of the outcrop.

The SGR data indicate that the transition be-
tween the Hunton Group and the lower basal 
Woodford Shale is potassium and thorium-rich.  
An elevated potassium and thorium signature 
at the base of Woodford provides reasonable 
evidence that some of the sediment making up 
for the base of the Woodford Shale was de-
rived from a relatively proximal landmass and/
or was derived from a residuum of sediment 
inherited from the top of the Acadian Uncon-
formity surface.  

Signifi cant elevated uranium in the lower part 
of the Woodford occurs at SGR measurement 
point 66.  This position is indicated on the out-
crop face for your inspection.  Other signifi cant 
uranium kicks are indicated in the accompa-
nying graphics. In addition to point 66, these 
measurement points include, moving vertically 
up-section, measurement points 142, 200, and 
230. The strong GR-response at these points 
confi rms that the Woodford Shale was being 
deposited under conditions of slow sedimenta-
tion and that the chemistry of the pore-fl uids 
internal to the Woodford were chemically-re-
ducing (by virtue of the bound uranium). The 
measurement points also refl ect positions in 
the vertical section where gamma-ray kicks in 
subsurface logs could be used to correlate and 
subdivide the Woodford stratigraphic section 
into packages for the purpose of mapping pa-
leogeography. Most of the strong gamma-ray 
kicks in the profi les are related to the occur-
rence of uranium. Some of the elevated read-
ings in gamma ray are attributable to potas-

sium and thorium. In most cases, the high 
gamma-ray kicks correspond to portions of the 
77D Woodford Shale section that is laminated, 
fi ssile and less silica-rich than the surrounding 
lithofacies (as demonstrated in the accompa-
nying photograph of position 230).  
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Attempt is made to conduct a lithostratigraphic 
correlation of the vertical profi les from State 
Route 77D with the spillway at the Lake Clas-
sen YMCA Camp (see work of Aufi ll, 2007). The 
accompanying graphics are color coded to in-
dicate the positions of correlative gamma-ray 
responses between the two sections.  In some 
respects, the correlations appear straight for-
ward, though one could debate the details and 
relevance of the correlation. Signifi cantly, if 
the gamma-ray profi le is expressed in terms 
of potassium and thorium only (minus the ura-
nium signal), the ease of correlation improves 
greatly (see accompanying fi gure). 

The upper informal member of the Wood-
ford is not present at State Route 77D or at 
the Lake Classen Spillway location. The upper 
informal member, containing phosphate nod-
ules and contact with the overlying Sycamore 
Limestone, is present on the east side of I-35 

about one-quarter mile to the north of the 
State Route 77D location.

Boghead Coal Lens

Coal is defi ned as having less than 50% mineral 
matter by weight (ash) or more than 70% or-
ganic matter by volume (Schopf, 1956). There 
are two basic types of coal: banded (humic) 
coal (formed from peat in swamps) and non-
banded (sapropelic) coal, dominated by spores 
(cannel coal) or algae (boghead coal) formed 
primarily in freshwater lakes.  Most commercial 
coals are banded (humic) coals.  Boghead coals 
are rare in the geologic record. The macerals 
alginite and bituminite are the characteristic 
organic microscopic constituents of boghead 
coals (Taylor and others, 1998).
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Bituminite, an amorphous liptinite maceral 
of autochthonous origin, is the characteristic 
groundmass maceral of sapropelic coals often 
associated with the macerals alginite and lip-
todetrinite (ICCP, 1975, 1993). Bituminite is 
formed from the degradation of algae, fau-
nal plankton, and bacteria (Taylor and others, 
1991; ICCP, 1993). Bituminite is known to oc-
cur in rocks other than coal, especially as thin 
layers in marine and lacustrine hydrocarbon 
source rocks (ICCP, 1993).  

A thin (1 cm thick) boghead coal lens (OPL 
1300e) was identifi ed during petrographic ex-
amination from a grab sample from the lower 
member of the Woodford Shale.  The exact lo-
cation from which the grab sample was taken 
has not been determined. The marine algae 
that occurs in the Woodford Shale is Tasman-
ites. The organic groundmass of the boghead 
coal is the maceral bituminite. Bituminite 

(also known as amorphous organic matter) is 
the predominate type of organic matter in the 
Woodford Shale (45-95%; Senftle, 1989; Cardo-
tt and Chaplin, 1993; Ascent Energy, 2005).

A 3-ft-thick zone in the Woodford Shale lower 
member above the Woodford-Hunton contact 
is a boghead shale containing abundant Tas-
manites alginite and some bituminite. The 
boghead coal sample may have come from this 
interval.
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Photograph of boghead coal grab sample in Woodford Shale 
lower member.

Photomicrograph of marine boghead coal lens in Woodford 
Shale showing Tasmanites alginite in bituminite matrix (200X 
magnifi cation; refl ected white light; oil immersion; fi eld width 
is 320 μ).
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Photograph of boghead shale in Woodford Shale lower member above Wood-
ford-Hunton contact.

Close-up photograph of boghead shale in Woodford Shale lower member.



41

Weathering

The organic matter in coal begins to weather 
immediately after it is exposed to oxygen, 
demonstrated by changes in petrographic 
properties and chemical parameters. The 
severity of weathering depends primarily on 
the length of time of exposure, temperature 
(e.g., chemical weathering essentially stops 
at temperatures below freezing), and climate 
(arid to humid). Marchioni (1983) showed that 
coal weathering is present to a depth of about 
3 to 10 m (10 to 33 ft) in outcrop depending 
on local weathering conditions.

The term maceral refers to microscopically 
recognizable organic matter. The vitrinite 
maceral group, derived from woody organic 
matter from vascular plants (tracheophyte; 
having a well-developed conductive system 
of xylem and phloem), is one of three mac-
eral groups (the other two being liptinite and 

inertinite). Vitrinite refl ectance, a thermal 
maturity indicator, is a measurement of the 
percentage of light refl ected off the vitrinite 
maceral at 500X magnifi cation in oil immer-
sion.

In addition to investigating the effects of 
weathering on coal, Lo and Cardott (1995) 
studied the effects of weathering on organic 
matter in a shallow core of the lower member 
of the Woodford Shale from this exposure.  It 
was estimated that about 20 ft of rock was re-
moved from above this exposure during road 
construction.  Weathering was detected by 
chemistry and petrography in only a surface 
grab sample from this exposure. The mean ran-
dom vitrinite-refl ectance value of the weath-
ered surface sample was 0.35% Ro. Chemistry 
and petrography indicated the remaining core 
samples to a depth of 18 ft were not weath-
ered.  Indurated shale in the core protected 
vitrinite from weathering. Mean random vit-

 
Photomicrograph of vitrinite from Woodford Shale at Stop 1A (0.53% 
Ro; 500X magnifi cation; refl ected white light; oil immersion; fi eld 
width is 140 μ).
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rinite refl ectance values from kerogen-con-
centrate pellets of twenty-two samples from 
depths of 0.25 to 18 ft ranged from 0.46% to 
0.55% Ro with an average of 0.51% Ro. TOC 
content ranged from 4.87 to 12.60 wt%.  

Thermal Maturity

Based on a master’s thesis by Metcalf (1985) 
using kerogen concentrate pellets, Cardott and 
others (1990) indicated a mean random vitrin-
ite refl ectance of 0.35% and 0.42% Ro based on 
50 measurements each from two samples from 
this location. The mean random vitrinite re-
fl ectance of all Woodford Shale outcrops from 
the Arbuckle Mountains ranged from 0.35% to 
0.77% Ro, with an average of 0.54% Ro based 
on 14 to 98 measurements per sample with an 
average of 46 measurements. The low mean 
random vitrinite refl ectance values of 0.35% 
and 0.42% Ro from this location are due to ei-
ther weathering or including lower-refl ecting 

vitrinite-like bitumen with the vitrinite refl ec-
tance values (Cardott and Chaplin, 1993, p. 
29).

Urban (1960) indicated that the lower mem-
ber of the Woodford Shale was deposited near-
shore marine. Experience indicates that the 
lower member of the Woodford Shale has more 
vitrinite than the middle or upper members.  
Based on this information, grab samples of the 
Woodford Shale lower member were collected 
from this exposure for the vitrinite-refl ectance 
analysis. The mean random vitrinite refl ec-
tance of several grab samples from the lower 
member of the Woodford Shale is 0.53% Ro 
based on 31 measurements of 0.45-0.67% Ro 
from whole-rock pellets (OGS Organic Petrog-
raphy Laboratory [OPL] sample OPL 1300).  Vit-
rinite refl ectance values of unweathered Wood-
ford Shale samples indicate that the Woodford 
Shale is marginally to early mature with respect 
to oil generation in the Arbuckle Mountains.

OPL 1300
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Vitrinite-refl ectance histogram of Woodford Shale 
from State Route 77D west of I-35.
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Bitumen (defi ned as organic matter that is 
soluble in organic solvents) is very common in 
the Woodford Shale. Landis and Castano (1994) 
correlated smooth-textured, pre-oil bitumen 
refl ectance to vitrinite refl ectance.  The mean 
random pre-oil bitumen refl ectance of the 
Woodford Shale from this exposure is 0.32% Ro 
based on 3 measurements of smooth-textured 
bitumen from 0.20-0.40% Ro.  Using a regres-
sion equation from Landis and Castano (1994), 
modifi ed by Castano in 1995 (VRE = [mean ran-
dom bitumen refl ectance of smooth-textured 
bitumen + 0.358]/1.05), the calculated vitrin-
ite-refl ectance equivalent is 0.65% Ro. 

Fluorescence color of liptinite macerals (e.g., 
sporinite, cutinite, resinite, and alginite from 
spores, cuticles, resin, and algae) is a qualita-
tive thermal maturity indicator.  Fluorescence 
colors change from green to yellow to orange 
with increasing thermal maturity in the oil win-
dow.  At the same thermal maturity, the fl uo-
rescent colors of the different liptinite mac-
erals are often different (e.g., sporinite may 
have a yellow fl uorescence in the same sample 

that the fl uorinite maceral has a green fl uo-
rescence; Crelling and Bensley, 1984).  Loss of 
fl uorescence (e.g., no longer measurable) oc-
curs by the end of the oil window (equivalent 
to around 1.3% vitrinite refl ectance) for most 
liptinite macerals (Taylor and others, 1998, p. 
123).  One of the most easily recognized types 
of structured liptinite macerals in the Wood-
ford Shale is alginite (from the marine algae 
Tasmanites).  The fl uorescence of Tasmanites 
alginite from this locality is green, which in-
dicates a marginally mature to early thermal 
maturity. Fluorescence disappears early in 
Tasmanites by around 0.9-1.0% vitrinite refl ec-
tance (Taylor and others, 1998, p. 137).  

Based on vitrinite refl ectance, bitumen refl ec-
tance, and fl uorescence of Tasmanites alginite, 
the thermal maturity of the Woodford Shale at 
this locality is marginally mature to early ma-
ture (e.g., beginning of the oil window).

 

 
Photomicrograph of smooth-textured, vitrinite-like bitumen (0.35% Ro; 
500X magnifi cation; refl ected white light; oil immersion; fi eld width is 
140 μ).



44

                             NOTES

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________



45

                             NOTES

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________



46

STOP 1B  Overturned Woodford Shale exposure along north side of State
  Route 77D, east of Interstate Route 35.

Location  C NW¼ SE¼ NE¼ Section 30, Township 1 South, Range 2 East
  Murray County, Oklahoma.  Turner Falls Quadrangle (7.5’ series)
  North side of State Route 77D.

 

 

Introduction

This location, on the north side of the highway, 
highlights the fractures and some fault surfac-
es present on the lower bedding planes in the 
lower Woodford.  This portion of the Woodford 
is slightly overturned, very siliceous, and was 
highly susceptible to fracturing during struc-
tural deformation.

Comments on Fractures and Faults

The basal surfaces of the bedding planes at this 
location are cut by numerous fractures, includ-
ing joint sets and some faults. In some cases, 
the orientation and fracture spacing appears 
to vary with the lithology. Some of the bedding 
planes exhibit an undulatory surface, also re-
lated to structural deformation.  Locally, frac-
tures associated with the undulatory surfaces 
are also deformed, suggesting the rocks have 
experienced several stages of structural defor-
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mation. Some of the low relief folds or undu-
lating surfaces terminate in faults.  The dis-
placement along the fault planes has resulted 
in the development of localized fault gouge. 
Some of the fault gouge appears to be hydro-
carbon saturated.  Many of the joints and joint 

 
Photograph of contorted fractures in the overturned Woodford Shale lower member at 
State Route 77D.

sets have common structural orientations re-
lated to the grain of the Arbuckle Mountains.

Woodford Shale at this location strikes 
N70ºW, dip 68ºSW (overturned).
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Note even fracture spacing and orientation.

 
Fractures in siliceous shale.
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Note orientation and spacing of fractures in siliceous shale (bottom) and chert (top).



50

Fractures in Woodford Shale chert beds in State Route 77D exposure. Note hammer for 
scale.
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Fault in Woodford Shale at State Route 77D exposure. 
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Close-up view of fault gouge in Woodford Shale at State Route 77D exposure.



53

Thermal Maturity

Cardott and others (1990) indicated a mean 
random vitrinite refl ectance of 0.53% and 
0.59% Ro for this location measured from ker-
ogen-concentrate pellets. A grab sample of 
well-indurated siliceous shale from this expo-
sure indicated a mean random vitrinite refl ec-
tance of 0.58% Ro based on 26 measurements 
from 0.48-0.72% Ro from whole-rock pellets 
(OPL 1301). The fl uorescence of abundant 
Tasmanites alginite from this locality is green.  
Some of the Tasmanites alginite in this sample 

OPL 1301
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Vitrinite-refl ectance histogram of Woodford Shale from State 
Route 77D east of I-35.

are replaced by quartz. Vitrinite refl ectance 
and Tasmanites fl uorescence indicates a mar-
ginally mature to early thermal maturity for 
the Woodford Shale from this exposure.  
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STOP 2  Complete section of Woodford Shale adjacent to the Henry House  
  Falls Quarry on the south side of the Arbuckle Mountains.

Location  EH SE¼ SW¼ SE¼ Section 30, Township 2 South, Range 1 East
  Carter County, Oklahoma. Springer Quadrangle (7.5’ series)

 

 
Note: This fi eld location is private property.  The fi eld site is not accessible to the gen-
eral public after completion of the October 23, 2008 fi eld trip.

Introduction

The Woodford Shale at Stop 2 is south of the 
Washita Valley Fault and was deposited in the 
southern Oklahoma aulacogen. To date, this 
location may represent one of the best pre-
served (and complete) sections of the Upper 
Devonian – Lower Mississippian black shale 
lithofacies in the world.  Past work at this fi eld 
site focused on exposures on the fl oor of the 
Henry House Falls Quarry, located just to the 
east of Henry House Creek and the north-south 
ranch road.  

Stratigraphy

The stratigraphy and lithofacies in the quar-
ry 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” biostrati-
graphic section). Over (1992) determined the 
conodont biostratigraphy from the basal part 
of the section along the creek. Schwartzapfel 
and Holdsworth (1996) described the occur-
rence of radiolarians in the highwall exposure 
located to the south of the quarry.  

Krystyniak (2005) was the fi rst 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 
Aufi ll (2007).  

For purposes of description, the resistant beds 
(siliceous and carbonate) at this locality were 
identifi ed and labeled from the base of the 
Woodford section to the top of the outcrop us-
ing a permanent marker.  In turn, the thick-
ness of each resistant bed was measured. The 
thickness of each intervening fi ssile interval 
was also measured. Spectral gamma-ray read-
ings (K, U, and Th) were collected every 15 
cm (6 in.) 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.

The Henry House Creek exposure is about 
231 ft in vertical thickness. The unit contains 
three informal members (as defi ned by Lam-
bert, 1993, for Kansas and northwestern Okla-
homa) and up to eleven high-resolution inter-
vals based on gamma-ray response.
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The shale lithofacies are organic-rich through-
out and either fi ssile or siliceous (chert-like).  
All lithofacies are fi nely laminated and no ob-
vious evidence for bioturbation at this locality 
has been noted to date.  Pyrite occurs through-
out the section, though a few thin (cm-thick) 
intervals are enriched in pyrite, particularly 
in the fi ssile (middle) part of the section. The 
upper part of the section contains an abun-
dance of spherical phosphate nodules.  Most of 
these nodules contain porosity. Large dolomite 
concretions and/or beds occur at three loca-
tions in the section. The dolomite beds near 
the top of the section are saturated with liquid 
hydrocarbon.  In all cases, the dolomite is very 
fi nely 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 Formation 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 sur-
face because the dip on the underlying beds is 
not discernible. In the subsurface, the Hunton 
Group carbonates contain karst and organized 
erosional patterns on the unconformity sur-
face that appear to be fl uvial in origin. The 
Hunton Group carbonates produce signifi cant 
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 out-
crop contains about 940 discrete beds. Fis-
sile 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). Fis-
sile beds range from a fraction of an inch to 
about 5.4 ft in thickness.  Siliceous beds range 
from about 0.125 in. to 4.75 in. in thickness. 
The mean thickness of the siliceous and fi ssile 
beds is 1.3 and 4.5 in. 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.

The basal portion of the section at this loca-
tion contains alternating intervals of fi ssile 
(85%) and siliceous shale (15%).  The thickness 
of the lower informal member is 52 ft (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 si-
liceous beds that are a few centimeters in di-
ameter. These mudrock occurrences, isolated 
within siliceous beds, appear to be portions 
of the original sediment that were not com-
pletely silicifi ed. The mudrock inclusions pre-
served 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 fi rst major gamma-ray kick at the base 
of the section is located about 10-15 ft above 
the contact with the underlying Hunton car-
bonates. The shale interval between the un-
derlying Hunton carbonate and this fi rst 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 petrifi ed wood (Cal-
lyxylon, see Arnold, 1957). The organic mat-
ter 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 adja-
cent continental land mass. The landmass was 
populated with plants.

The middle portion of the section is dominant-
ly fi ssile (92%) with a few, poorly developed 
and thin siliceous beds. This informal member 
is 95 ft (29 meters) in thickness. This interval 
extends from the base of gamma-ray marker C 
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Vertical gamma-ray profi les for the Henry House Creek 
section. The major gamma-ray markers noted above will 
be examined along the length of the outcrop. Total organic 
carbon is highest at points A, 1, 2, and at G. The upper 
member is dominated by bedded siliceous shale that is 
chert (or cherty) in some cases.

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 begin-
ning 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 

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 abun-
dance relative to underlying units.

The absence of siliceous beds in the middle 
member has a direct bearing on the mass wast-
ing of the outcrop. When present, the siliceous 
beds tend to reinforce the integrity of the out-
crop and help to hold the fi ssile beds in place. 
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In the absence of the siliceous beds, large sub-
vertical tension fractures have developed in 
the outcrop face of the intervals dominated by 
fi ssile beds.

The upper portion of the Woodford at this lo-
cality (84 ft or 25.5 meters in thickness) con-
tains siliceous beds (55%), fi ssile beds (44%), 
and a few dolomite layers (1%).  This informal 
member is defi ned 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 lithol-
ogy is one of the most dramatic in the physi-
cal appearance of the outcrop. The two strong 
eastern defl ections 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 Wood-
ford 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 ft to the south of the last 
occurrence of a Woodford Shale siliceous bed.

Three distinct beds of dense dolomite occur 
in the upper member. These beds increase in 
thickness up-section. The dolomite is fi nely 
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 abun-
dant.

Spherical phosphate nodules are locally abun-
dant 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 ener-
gy.  On the other hand, the layering also ex-
hibits characteristics of “pinch and swell” and 

may suggest that relief on the nodules near 
the sediment-water interface was locally sig-
nifi cant enough to infl uence sedimentation 
around the nodules. The phosphate nodules 
are not noticeably enriched in U.

The spectral character of the gamma-ray is di-
minished in both K and Th from marker #1 to 
the top of the outcrop. In contrast, the abun-
dance of U in the upper part of the section 
stays relatively constant up through marker 
G1. The mutual relations of the spectral re-
sponse 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 fl ooding 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 progres-
sively greater volumes of silica (from radiolar-
ians that now form a signifi cant volume of the 
siliceous shale).
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Range of total organic 
carbon (TOC) for the 
major gamma-ray mark-
ers at the Henry House 
Creek section. The TOC 
is highest at the base, 
top, and at major gam-
ma-ray kicks #1 and #2. 
TOC and gamma-ray re-
sponse are statistically 
associated but the rela-
tionship is not strong.

 Frequency distribu-
tions of bulk densi-
ty and total organic 
carbon for the 
fi ssile and siliceous 
(cherty) beds at 
Henry House Creek. 
The fi ssile shale has 
lower bulk density 
and higher total or-
ganic carbon rela-
tive to the siliceous 
or chertier beds. 
The lower total 
organic carbon in 
the siliceous beds 
is probably a conse-
quence of dilution 
from radiolarian 
sedimentation.
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Thermal Maturity

The mean random vitrinite refl ectance of the 
Woodford Shale at the Henry House Falls Quar-
ry is 0.51% Ro based on 30 measurements from 
0.44-0.62% Ro from whole-rock pellets (OPL 
1017). The mean random smooth-textured, 
pre-oil bitumen refl ectance is 0.35% Ro based 
on 19 measurements from 0.24-0.46% Ro, indi-
cating a calculated vitrinite-refl ectance equiv-
alent of 0.67% Ro. The fl uorescence of abun-
dant Tasmanites alginite from this locality is 
green. Vitrinite refl ectance, bitumen refl ec-
tance, and Tasmanites fl uorescence indicates a 
marginally mature to early thermal maturity 
for the Woodford Shale from this outcrop.

OPL 1017
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4 Vitrinite-refl ectance 
histogram of Woodford 
Shale from Henry House 
Falls Quarry.



64

                             NOTES

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________



65

                             NOTES

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________



66

STOP 3  Woodford Shale exposed in McAlister Cemetery Quarry in the 
  Criner Hills.

Location  SW¼ Section 36, Township 5 South, Range 1 East
  Carter County, Oklahoma.  Overbrook Quadrangle (7.5’ series)

View to the southeast of middle (center right) and upper (left) members of the Wood-
ford Shale.

Introduction 

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 fl oor of the Henry 
House Creek Quarry. However, upon closer in-
spection, 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).
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Stratigraphy

Kirkland and others (1992) report that a com-
plete Woodford section is present in the quar-
ry (365 ft or 111 meters).  The Woodford Shale 
contact at the base of the quarry is with the 
underlying Hunton Group carbonates (Haragan 
Formation). The limestone blocks at the base 
of the section (southwest side of quarry) ap-
pear to be in place, though excavation has bev-
eled out the Woodford Shale and the contact is 
not directly visible. The base of the Woodford 
at this locality appears to be dominated by fi s-
sile shale to the exclusion of siliceous shale.  
In contrast, the base of the Woodford along 
Henry House Creek has 15% siliceous shale.

Kirkland and others (1992, p. 47) reported 
a thin (0.5 ft thick) dolomite bed extending 
about 8 ft along strike near the top of the 
zone of phosphate nodules at the I-35 road-
cut.  A dolomite bed in the same stratigraphic 

position also occurs at the Henry House Falls 
Quarry (stop 2) and McAlister Cemetery Quarry 
(stop 3).

Krystyniak (2005) was the fi rst to collect spec-
tral gamma-ray data at this location. Kry-
styniak’s gamma-ray profi le was compiled with 
data from the quarry fl oor. The character of 
the gamma-ray profi le appears similar to the 
profi le through the fi ssile 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 col-
lection from the lower and upper part of the 
Woodford at this location is in progress by Pax-
ton 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.

Gamma-ray profi le for the quarry fl oor at McAlister Cemetery Quarry. The base of 
the section (as labeled in the distance) is approximately 30 ft from the contact 
with the underlying Hunton Group carbonates (Haragan Formation). This portion of 
the quarry fl oor represents the middle member of the Woodford and is dominantly 
fi ssile shale.
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Attempt to correlate total gamma-ray response patterns in the McAlister Cemetery 
Quarry with the Woodford Shale profi le from Henry House Creek located about 20 
miles to the north of this fi eld stop.

Attempt to correlate potassium and thorium gamma-ray response patterns in the 
McAlister Cemetery Quarry with the Woodford Shale profi le from Henry House 
Creek located about 20 miles to the north of this fi eld stop. Uranium contribution 
to gamma-ray response is not included in these profi les.
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Aside from the characteristic gamma-ray sig-
nature, this quarry contains two signifi cant 
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 (2) the 
occurrence of bitumen concentrations along 
fractures.

The quarry highwall contains abundant sili-
ceous 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 pri-
mary silicifi cation (assumed from documented 
occurrence of radiolarians) and the abundance 
of phosphate nodules suggest that this portion 

of the ancient seafl oor 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 sec-
tions). The white coloration of this portion of 
the Woodford Shale is attributed to “bleach-
ing” during the Pleistocene (according to Kirk-
land 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 oxi-
dized hydrocarbon.

View to the northeast of Woodford Shale upper member containing dolomite beds, sili-
ceous beds, and abundant phosphate nodules.
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Siliceous shale in the upper member of the Woodford Shale. Nodules (arrows) at this 
location are very abundant and quite large.

Bitumen (degraded liquid hydrocarbon) occurs 
in the fracture system of the upper part of the 
middle member. Bitumen in this geographic vi-
cinity has been described by Lewan (1987).  Ac-
cording 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 mi-
gration, 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 migra-
tion.  However, careful examination of the 
bitumen occurrence in the fractures of the 
Woodford in this location is suggestive of pri-

mary 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 pri-
mary migration of hydrocarbon. From a lith-
ostratigraphic point of view, this hydrocarbon 
occurrence is about 20 ft 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 locali-
ties provides evidence for signifi cant lateral 
facies changes in the Woodford Shale. Sup-
porting evidences include: 1) the absence of 
siliceous shale at the base of the Woodford 
in this quarry relative to Henry House Creek 
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Concentric phosphate nodule in the upper Woodford. Note contortion of laminations 
around the nodule suggesting nodules formed before the Woodford Shale was fully com-
pacted. Thin-section inset demonstrates that the nodules contain abundant porosity  (blue 
dye indicating pore spaces).

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 proper-
ties of gas shale within predefi ned lithostrati-
graphic units can change signifi cantly over 
relatively short distances. Signifi cant changes 
in shale properties will have a major impact 
on gas shale resource assessments and explo-
ration/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 Mio-
cene Monterey Formation of coastal California 
(image of the Monterey and G.K. Gilbert for 
scale included below).
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Thermal Maturity

The mean random vitrinite refl ectance of the 
Woodford Shale from the McAlister Cemetery 
Quarry is 0.54% Ro based on 41 measurements 
from 0.42-0.65% Ro from whole rock pellets 
(OPL 1302). Most of the vitrinite clasts were 
rounded suggesting considerable abrasion dur-
ing transport. Smooth-textured bitumen re-

OPL 1302

Vitrinite Reflectance (%Ro)
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Vitrinite-refl ectance his-
togram of Woodford Shale 
from McAlister Cemetery 
Quarry

fl ectance of 0.29% Ro (based on 6 measure-
ments from the wide range of 0.16-0.43% Ro) 
indicates a vitrinite refl ectance equivalent of 
0.62% Ro. Green fl uorescence of abundant Tas-
manites alginite agrees with the marginally 
mature to early thermal maturity (e.g., be-
ginning of the oil window).
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μ)

 

Photomicrograph of rounded vitrinite (0.52% Ro) from Woodford Shale, McAlister 
Cemetery Quarry (500X magnifi cation; refl ected white light; oil immersion; fi eld 
width is 140 μ).

Photomicrograph of smooth-textured pre-oil solid bitumen (0.43% Ro; 500X magni-
fi cation; refl ected white light; oil immersion; fi eld width is 140 μ).
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Photomicrograph of Tasmanites alginite (200X magnifi cation; refl ected white light; 
oil immersion; fi eld width is 320 μ).
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Tar Balls

Kirkland and others (1992) described insoluble 
tar balls in a <10 ft thick zone about 140 ft 
from the base of the Woodford Shale at this lo-
cation. They speculated that the tar balls rep-
resent the altered product of oil from a sub-
marine oil seep generated by an older mature 
source rock and deposited during Woodford 
Shale sedimentation.

Solid Hydrocarbon Fracture Filling

Curiale (1986) classifi ed solid bitumen in a ge-
netic classifi cation as pre-oil or post-oil solid 

 
Photograph of tar balls on bedding-plane surface of middle Woodford Shale.

bitumen (also referred to as solid hydrocarbons 
by Landis and Castano, 1994). Pre-oil bitumen 
occurs as primary bitumen within a hydrocar-
bon source rock (“early-generation products of 
rich source rocks, probably extruded from their 
sources as a very viscous fl uid, and migrated 
the minimum distance necessary to reach frac-
tures and voids in the rock”, Curiale, 1986, p. 
576), whereas post-oil bitumen is a solid hy-
drocarbon formed as an alteration product of 
a once-liquid crude oil (formed from the near-
surface, low-temperature alteration of crude 
oil by biodegradation, water-washing, and 
devolatilization). Most oil is generated from 
pre-oil bitumen (Lewan, 1983, 1987). Post-
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Close-up photograph of tar ball on bedding-plane surface of middle Woodford Shale.

oil solid bitumen in the Ouachita Mountains, 
classifi ed as grahamite and impsonite in the 
generic classifi cation of Abraham (1960), oc-
cur as fracture-fi lling vein deposits. Under the 
microscope at high magnifi cation (500X) these 
deposits normally appear homogeneous with a 
uniform bitumen refl ectance (Cardott and oth-
ers, 1993).

An exposure of the middle member of the 
Woodford Shale at this locality contains frac-
tures fi lled with a post-oil solid bitumen (OPL 
1283). The bitumen-fi lled fractures extend a 
short distance (< 1 cm) into the shale from the 
bedding plane. 
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Photograph 
looking 
northwest at 
exposure of 
bitumen-fi lled 
fractures in 
Woodford 
Shale middle 
member in 
McAlister 
Cemetery 
Quarry.

Close-up 
photograph of 
post-oil solid 
bitumen-fi lled 
fractures in 
Woodford 
Shale middle 
member in 
McAlister 
Cemetery 
Quarry.
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Close-up 
photo-
graph of 
Woodford 
Shale mid-
dle mem-
ber in 
McAlister 
Cemetery 
Quarry 
showing 
limited 
depth of 
solid bitu-
men-fi lled 
fractures.

Photomi-
crograph 
of minerals 
within bitu-
men showing 
fl ow texture 
of a once-
liquid oil 
(200X magni-
fi cation; re-
fl ected white 
light; oil 
immersion; 
fi eld width is 
320 μ).
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The bitumen is partially soluble in organic sol-
vents and insoluble in immersion oil. Under a 
refl ected-light microscope at high magnifi ca-
tion (200X to 500X), the bitumen has a wide 
range of refl ectance showing mixing of bitu-
men and minerals in a fl ow texture and bitu-
men balls. Bitumen refl ectance ranges from 
0.16-0.81% Ro. The lowest refl ecting bitumen 
has a weak orange fl uorescence in refl ected 
blue light. The highly refl ecting bitumen may 
be the result of alteration or weathering. As in-
dicated in the Appendix, “the elevated oxygen 
content of the pyrobitumen suggests weath-
ering may be a signifi cant factor in its subse-
quent alteration and solidifi cation.” The fl ow 
texture is indicative of once-liquid oil, pick-
ing up minerals from the shale exposed along 
the fracture. The mineral-free bitumen balls 
formed when the oil was still viscous. 

As described in the geochemistry report in the 
Appendix and based on the dissimilarity of the 
geochemistry of pre-oil bitumen extracted from 
the Woodford Shale and post-oil pyrobitumen 
from fractures, the fracture-fi lled solid hydro-
carbon in this quarry is probably from a non-
Woodford source and not an expulsion product 
of the in-situ Woodford Shale. The source and 
timing of this solid bitumen is different than 
the source and timing of the tar balls. Based 
on kinetics, the low thermal maturity (0.54% 
Ro) of the Woodford Shale in this quarry is too 
low to have generated the post-oil solid bitu-
men.  Hunt (1996, p. 368) indicated that “0.6% 
(Ro) is generally recognized as the beginning 
of commercial oil accumulations.” Roberts and 
others (2004) indicated that oil generation be-
gins around 0.68% vitrinite refl ectance from 
type II kerogen, the same type of organic mat-
ter in the Woodford Shale. 
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g ; g ; ; μ

Photomi-
crograph of 
bitumen balls 
and minerals 
suspended 
in bitumen 
showing fl ow 
texture of a 
once-liquid 
oil (200X 
magnifi ca-
tion; re-
fl ected white 
light; oil 
immersion; 
fi eld width is 
320 μ).

 

Photomi-
crograph of 
minerals and 
fractured 
bitumen balls 
showing a 
wide range 
of bitumen 
refl ectance 
(200X magni-
fi cation; re-
fl ected white 
light; oil 
immersion; 
fi eld width is 
320 μ).
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                             APPENDIX 

Geochemical analyses of solid bitumen and Woodford Shale, Carter 
County, Oklahoma, by T.E. Ruble (Humble Geochemical Services)

Dr. T.E. Ruble with Humble Geochemical Services has worked extensively with solid hy-
drocarbons (Ruble, 1990; Ruble and Philp, 1992, 1994; Ruble and others, 1994, 1999; Car-
dott and others, 1993).  The Appendix contains a report by T.E. Ruble on the geochemical 
analyses of the solid hydrocarbon (a.k.a. solid bitumen) and Woodford Shale from the 
McAlister Cemetery Quarry.  
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Interpretative Summary 
An investigation has been conducted to assess the geochemical characteristics and probable 
origin of solid hydrocarbons found as fracture-fill within the Woodford Shale from the McAlister 
Cemetery Quarry, Carter County, Oklahoma.  Hand-picked, solid bitumen (OPL 1283b; HGS 
07-5129-218270) from fractures and the associated country rock (HGS 07-5129-218563) were 
analyzed by a limited suite of geochemical techniques, including thermal extract gas 
chromatography (TE-GC), pyrolysis gas chromatography (Py-GC), and LECO® elemental 
analysis. The complete results of these analyses are documented in this report, along with an 
integrated geochemical interpretation that incorporates and utilizes previously published 
geochemical data (Kirkland et al., 1992) from McAlister Cemetery Quarry samples (shale, 
fracture-fill bitumen, tar balls).  
 
The Woodford Shale in the McAlister Cemetery Quarry is tectonically fractured and while most 
of the abundant fractures are open, some are filled with quartz cement and others are filled with 
solid bitumen (Kirkland et al., 1992).  This bitumen has a maximum solubility of 11,050 ppm and 
is essentially insoluble (Kirkland et al., 1992), thereby classifying it properly as a pyrobitumen 
according to the generic scheme of Hunt et al. (1954).  To address the origin of the fracture-fill 
pyrobitumen, a carefully hand picked sample free of embedded shale was analyzed by TE-GC 
and Py-GC to examine its hydrocarbon fingerprint.  For comparison, fragments of the Woodford 
Shale country rock associated with the pyrobitumen were also examined using the same 
analytical techniques.   
 
The TE-GC fingerprint of the pyrobitumen (Fig. 1) shows relatively abundant low molecular 
weight aliphatic, branched, cyclic and aromatic components.  The major peaks are identified by 
abbreviation and consist of normal alkanes such as n-C6, which is the predominant peak in the 
gas chromatogram, and isoalkanes such as i-C5. The alkane envelope is irregular with dual 
maxima at n-C6 and n-C11 and does not appear to extend beyond n-C22.  The dominance of 
lower molecular weight components in this pyrobitumen is somewhat unexpected. It may be 
attributable to entrained hydrocarbons trapped within the dominantly asphaltic pyrobitumen 
matrix that are volatilized and released during thermal extraction.  If so, this could be 
circumstantial evidence to support a post-oil bitumen, as defined using the genetic classification 
scheme of Curiale (1986).  This pyrobitumen would thus be the product of relatively recent (in 
geologic time) alteration of a migrated hydrocarbon charge moving through the fractured 
Woodford Shale.   Branched and cycloalkanes make up a substantial portion (13 & 24% 
respectively) of the resolvable components in the TE-GC fingerprint and this is supported by 
independently performed solvent extract GC results (D. Kim, OU unpublished).  This is 
somewhat unusual and differs significantly from the dominant aliphatic nature of typical 
Woodford Shale extracts and oils (Kirkland et al., 1992; Burruss and Hatch, 1989).  
Pennsylvanian aged oils have previously been reported to contain high abundances of 
branched and cycloalkanes (Burruss and Hatch, 1989), including very elevated 
methylcyclohexane (MCH), that show some similarities to the TE-GC fingerprint of this 
pyrobitumen.  However, the comparison is not unequivocal in that Pennsylvanian oils also have 
relatively high abundances of C15+ hydrocarbons, which are not abundant in the pyrobitumen.  
Due to the difficulty of characterizing insoluble pyrobitumens and the lack of distinguishing 
biomarkers, confidence in any attempts at bitumen-oil correlation will always be limited.    
 
For comparison purposes, the Woodford Shale source rock associated with the pyrobitumen 
was also examined by TE-GC (Fig. 1).  The fingerprint from the shale differs notably from that of 
the pyrobitumen, but is very similar to a previously published saturate fraction GC trace from the 
Woodford Shale at this location (Kirkland et al., 1992).  It shows relatively abundant aliphatic 
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hydrocarbon components and lesser amounts of low molecular weight branched and 
cycloalkanes.  The main n-alkane envelope is generally unimodal and extends from n-C11 up to 
n-C41 with a fairly strong odd-predominance.  Attenuation of lower molecular weight components 
and the fairly elevated hump of unresolved complex mixture (UCM) are attributable to the low 
thermal maturity of this source rock sample, since biodegradation (which can produce similar 
features) is unlikely in freshly exposed shale within an active quarry.  Measured vitrinite 
reflectance of 0.54% Ro for the Woodford Shale at this locality (B. Cardott, personal 
communication) confirms the interpreted maturity and places this source rock within the earliest 
oil window.   Branched chain isoprenoids are also abundant in the source rock TE-GC 
fingerprint and the Pr/ n-C17 & Ph/ n-C18 ratios of ~2 are further evidence of low thermal 
maturity. The distribution of isoprenoid biomarkers, such as pristane and phytane, can be used 
to assess source rock kerogen type and depositional environment.  In the Woodford Shale 
TE-GC trace, the Pr/Ph of 1.25 is generally indicative of an origin from low sulfur marine shale 
source rocks containing predominant Type II marine algal organic matter deposited under oxic 
to sub-oxic conditions. 
 
The insoluble organic matter that composes the dominant portion of the McAlister Cemetery 
Quarry pyrobitumen has been further characterized by Py-GC (Fig. 2).  Typical Py-GC traces 
display a series of doublet peaks consisting of n-alkanes and their corresponding (early-eluting) 
1-alkenes.  While these components are present in the pyrobitumen fingerprint out to ~n-C21, 
the overall pattern of the pyrogram is dominated by benzene, toluene, and other unidentified 
aromatic, branched and cyclic alkene/anes.  This result has been independently reproduced 
using a slightly different flash pyrolysis GC system (D. Kim, OU unpublished) and appears to 
corroborate the TE-GC results showing a relatively low abundance of n-hydrocarbons.  Curiale 
(1986) reported similar such pyrograms from insoluble uraniferous solid bitumens in 
southwestern Oklahoma that have apparently been altered by biodegradation and intense 
radiation.  A model was proposed (Curiale et al., 1983) whereby crude oil, migrating from depth, 
is initially altered near the surface by biodegradation and oxidation.  Concurrently migrating 
ground water is stripped of its uranium by the degraded petroleum to form nodular deposits.  
Irradiation from the uranium then causes further transformations to bitumen. Although no 
evidence of uranium enrichment is envisioned for the fracture-fill pyrobitumen within the 
Woodford Shale, similar near surface alteration (oxidation, biodegradation) may have occurred 
to transform the macromolecular structure into more of a condensed aromatic/cyclic ring 
dominated configuration.     
 
The Py-GC fingerprint of the Woodford Shale source rock associated with the pyrobitumen is 
dominated by aliphatic n-alkene/ane doublets extending to at least n-C32 (Fig. 2.).  This feature 
is typical of highly aliphatic, oil-prone kerogens at low levels of thermal maturity and is 
consistent with the interpreted maturity level of the Woodford Shale in the McAlister Cemetery 
Quarry.  Low maturity expelled bitumens from the adjacent source rock that could be envisioned 
to have filled the fractures within the Woodford Shale would have elevated asphaltenes and 
should look very similar to this source rock pyrogram.  The obvious dissimilarity between this 
fingerprint and that of the analyzed pyrobitumen provide further evidence that they are not 
related.   
   
Elemental analysis of the pyrobitumen sample offers further insights into the probable origin of 
this material (Table 1).  The results from the fracture-filled pyrobitumen are compared to 
published data from so called “tar balls” found in the Woodford Shale at the McAlister Cemetery 
Quarry location (Kirkland et al., 1992).  The H/C ratio of the pyrobitumen is 0.91 and this 
suggests a highly condensed macromolecular structure dominated by aromatic, branched 
and/or cyclic components.  The H/C ratio of the fracture-filled pyrobitumen is even lower than 
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that of the tar balls, which Kirkland et al. (1992) have suggested are remains of a paleo 
submarine oil seep (possibly Ordovician Simpson source) deposited during Woodford  
Shale sedimentation.  The possible reason for this highly condensed structure in the fracture-
filled pyrobitumen may be provided by the relatively high oxygen content (9 wt%) and the 
elevated O/C ratio of 0.098.   Jacob (1989) reports that when solid oil bitumens, or so called 
“migrabitumen”, are altered by weathering they can be converted to “oxybitumens” in which the 
oxygen content can increase to as high as 13 wt.% or more.  Curiale et al. (1983) also show a 
trendline of increasing O/C ratios (as high as 0.212) for uraniferous pyrobitumens from 
Oklahoma that may represent increased weathering and oxidation. The elevated oxygen 
content of the Woodford Shale fracture-fill pyrobitumen in comparison to that of the tar balls 
suggest a different origin and is consistent with a more recent (in geologic time) 
migration/weathering event through the immature fractured source rocks.    
 
Table 1.  Elemental Data for the Woodford Shale pyrobitumen and tar ball. 
 

 
 
 
 
In summary, based on TE-GC, Py-GC and elemental compositional analyses the fracture-fill 
pyrobitumen collected from the Woodford Shale in the McAlister Cemetery Quarry appears to 
be weathered post-oil solid bitumen associated with a previous oil migration event 
through the immature, fractured source rock.  The geochemical analyses reported herein 
are certainly not unequivocal, due to the generally insoluble nature of pyrobitumen.  However, 
the molecular fingerprints from TE-GC and Py-GC show distributions of hydrocarbons, including 
abundant branched and cycloalkanes, that do not appear to match well with the associated 
Woodford Shale country rock, suggesting a different origin.  Further, the measured geochemical 
data suggest that the Woodford Shale in this locality is early mature and has not generated and 
expelled significant volumes of oil. The origin and timing of the migrated oil charge is uncertain, 
but the elevated oxygen content of the pyrobitumen suggests weathering may be a significant 
factor in its subsequent alteration and solidification.  Other processes like biodegradation 
undoubtedly contributed to the formation of the pyrobitumen and could also be partially 
responsible for the depletion of n-hydrocarbons in both the thermal extract and pyrolysate.       
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Experimental Methods 

Thermal Extract Gas Chromatography 

Thermal Extract Gas Chromatography (TE-GC) may be completed on potential source rocks to 
examine source specific molecular distributions or on potential reservoir rocks to characterize 
and fingerprint liquid hydrocarbon components. Samples to be analyzed are typically rinsed to 
remove drilling mud contaminants and are sometimes hand picked to recover representative 
cuttings fragments for analyses.  Approximately 10-50 mg of rock sample are placed in a metal 
crucible and inserted into the specially designed inlet system.  The samples are thermally 
extracted at 300°C for 2.45 min. with a split portion of the volatile hydrocarbons trapped onto the 
front of the analytical column using a liquid nitrogen trapping system.  Gas chromatography is 
performed using HP 6890 Series GC System with 50m high-resolution column.  The GC is 
temperature programmed from 35°C (8 min. hold) to 50°C at 1.5°C/min. and then to 330°C at 
8°C/min. with a final hold time of 40 min.  Light hydrocarbons, isoprenoids and normal paraffins 
are identified when they are present in the sample.  The GC method is specifically designed to 
separate light hydrocarbons and allows identification of higher molecular weight hydrocarbons 
out to C42.

Pyrolysis Gas Chromatography 

Pyrolysis Gas Chromatography (Py-GC) is completed by flash pyrolysis using a high resolution 
mode where all hydrocarbon gases are completely resolved.  Samples are prepared for Py-GC 
analysis by extraction either of whole rocks, kerogens, asphaltenes or solid bitumens.  A small 
amount of sample (approximately 5 mg (extracted rock) or 1-2 mg of kerogen or .1 to 1 mg of 
asphaltene) is loaded into a metal crucible and inserted into the specially designed inlet system.  
The pyrolysis process is open system, isothermal pyrolysis.  The sample is pyrolyzed at 600oC
for 2 minutes with a split portion of the volatile hydrocarbons trapped onto the front of the 
analytical column using a liquid nitrogen trapping system.  Gas chromatography is performed 
using HP 6890 Series GC System with 50m high-resolution column.  The GC is temperature 
programmed from 35°C (5 min. hold) to 330°C at 5°C/min. with a final hold time of 30 min.  A 
PY-GC fingerprint of the pyrolysis products is provided.  Data for alkene-alkane pairs and 
selected aromatics are reported with retention time, height, peak area, and yield (if internal 
standard added). 
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A:11

Client: University of Oklahoma
Client ID: OPL 1283b API:
HGS ID: 07-5129-218270 County,State: Carter Co., OK
Type: outcrop Lease
Well: McAlister Cemetary Quarry 
Depth:
Field:
Formation: Woodford
Basin:
Country:

Gas Chromatography Integration Results

Peak Compound R.Time Peak Peak
Label Name (min.) Height Area

i-C4 iso-butane 6.30 96 99
n-C4 butane 6.49 22 22
i-C5 iso-pentane 7.17 86 111
n-C5 pentane 7.54 65 86
22-DMB 2,2-dimethylbutane 8.22 1 2
CP cyclopentane 8.93 5 9
23-DMB 2,3-dimethylbutane 8.97 4 7
2-MP 2-methylpentane 9.08 29 53
3-MP 3-methylpentane 9.53 22 43
I-Std. Internal Standard 0.00 0 0
n-C6 hexane 10.12 81 168
22-DMP 2,2-dimethylpentane 11.12 0 1
MCP methylcyclopentane 11.23 27 64
24-DMP methylcyclopentane 11.40 1 4
223-TMB 2,2,3-trimethylbutane 11.65 0 1
Bz benzene 12.38 6 15
33-DMP 3,3-dimethylpentane 12.59 1 5
CH cyclohexane 12.85 19 53
2-MH 2-methylhexane 13.37 7 19
23-DMP 2,3-dimethylpentane 13.46 4 9
11-DMCP 1,1-dimethylcyclopentane 13.62 3 7
3-MH 3-methylhexane 13.88 9 24
c-13-DMCP cis-1,3-dimethylcyclopentane 14.26 8 24
t-13-DMCP trans-1,3-dimethylcyclopentane 14.44 7 21
3-EP 3-ethylpentane 14.51 1 4
t-12-DMCP trans-1,2-dimethylcyclopentane 14.61 14 42
n-C7 heptane 15.46 24 69
MCH methylcyclohexane 16.83 24 75
ECP ethylcyclopentane 17.72 4 18
Tol toluene 19.33 8 22
n-C8 octane 21.91 9 19
E-Bz ethylbenzene 23.94 9 18
m-xylene meta-xylene 24.26 17 32
p-xylene para-xylene 24.30 10 18
o-xylene ortho-xylene 25.07 8 17
n-C9 nonane 25.75 4 8
C3-Bz propylbenzene 0.00 0 0
n-C10 decane 28.55 5 8
n-C11 undecane 30.85 23 34
n-C12 dodecane 32.87 13 19
i-C13 C13 isoprenoid 33.15 3 6
i-C14 C14 isoprenoid 34.32 2 3
n-C13 tridecane 34.71 7 11
i-C15 farnesane (C15 isoprenoid) 36.09 2 2
n-C14 tetradecane 36.41 8 13
i-C16 C16 isoprenoid 37.47 2 5
n-C15 pentadecane 38.01 4 7
n-C16 hexadecane 39.52 2 4
i-C18 norpristane (C18 isoprenoid) 40.28 1 2
n-C17 heptadecane 40.95 2 3
Pr pristane (C19 isoprenoid) 41.10 1 3
n-C18 octadecane 42.30 1 1
Phy phytane (C20 isoprenoid) 42.50 1 1
n-C19 nonadecane 43.59 0 1
n-C20 eicosane 44.77 0 0
n-C21 heneicosane 45.90 0 1
n-C22 docosane 47.07 0 1
n-C23 tricosane 0.00 0 0
n-C24 tetracosane 0.00 0 0
n-C25 pentacosane 0.00 0 0
n-C26 hexacosane 0.00 0 0
n-C27 heptacosane 0.00 0 0
n-C28 octacosane 0.00 0 0
n-C29 nonacosane 0.00 0 0
n-C30 triacontane 0.00 0 0
n-C31 hentriacontane 0.00 0 0
n-C32 dotriacontane 0.00 0 0
n-C33 tritriacontane 0.00 0 0
n-C34 tetratriacontane 0.00 0 0
n-C35 pentatriacontane 0.00 0 0
n-C36 hexatriacontane 0.00 0 0
n-C37 heptatriacontane 0.00 0 0
b-CAROTANE beta-carotane 0.00 0 0
n-C38 octatriacontane 0.00 0 0
n-C39 nonatriacontane 0.00 0 0
n-C40 tetracontane 0.00 0 0
n-C41 henetetracontane 0.00 0 0
n-C42 dotetracontane 0.00 0 0
n-C43 tritetracontane 0.00 0 0
n-C44 tetratetracontane 0.00 0 0
n-C45 pentatetracontane 0.00 0 0
n-C46 hexatetracontane 0.00 0 0

Humble Geochemical Services
Weatherford Core Evaluation Services

218 Higgins Street     Humble, TX 77338

Telephone: 281-540 6050    Fax: 281-540 2864



A:12

Client: University of Oklahoma
Client ID: OPL 1283b API:
HGS ID: 07-5129-218270 County,State: Carter Co., OK
Type: outcrop Lease
Well: McAlister Cemetary Quarry 
Depth:
Field:
Formation: Woodford
Basin:
Country:

Interpretive Interpretive

Ratios Ratios

Ratios by Area
Pristane / Phytane 1.97 P1 not available

Pristane / nC17 0.88 P2 not available

Phytane / nC18 1.09 P3 not available

nC18 / (nC18 + nC19) 0.52 5N1 not available

nC17 / (nC17 + nC27) 1.00 6N1 not available

Carbon Preference Index #DIV/0! N2 not available

Totals by Normalization
Normal Alkanes 36.13 K1 not available

Isoalkanes 30.69 K2 not available

Branched Alkanes 13.07

Cycloalkanes 23.92

Aromatics 9.26 5N1 / 6N1 not available

P3 / N2 not available

Halpern Ratios 1

Tr1 3.03

Tr2 9.64 Bz / nC6 0.09

Tr3 3.31 Tol / nC7 0.31

Tr4 2.70 (nC6 + nC7) / (CH + MCH)1.85

Tr5 6.01 Isoheptane Value 0.49

Tr6 not available nC7 / MCH 0.92

Tr7 2.94 CH / MCP 0.82

Tr8 0.51 nC7 / 2-MH 3.57

C1 0.04 nC6 / 2,2-DMB 74.66

C2 0.41 Heptane Value 24.55

C3 0.18

C4 0.21

C5 0.17

1 Halpern, H.I., 1995. APPG Bull.: v.79, p801-815
2 Mango, F.D., 1994. GCS: V.58, p.895-901
3 Thompson, K.F.M., 1983. GCA: v.47, p303-316

Thompson Ratios 3

Gas Chromatography Interpretive Ratios

Ring Preference Ratios

Invariant Ratios

Mango Ratios 2

Humble Geochemical Services
Weatherford Core Evaluation Services

218 Higgins Street     Humble, TX 77338

Telephone: 281-540 6050    Fax: 281-540 2864
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A:15

Client: University of Oklahoma
Client ID: Outcrop - 1 API:
HGS ID: 07-5129-218563 County,State: Carter Co., OK
Type: outcrop Lease
Well: McAlister Cemetary Quarry 
Depth:
Field:
Formation: Woodford
Basin:
Country:

Gas Chromatography Integration Results

Peak Compound R.Time Peak Peak
Label Name (min.) Height Area

i-C4 iso-butane 6.30 1 1
n-C4 butane 6.51 40 49
i-C5 iso-pentane 7.12 4 10
n-C5 pentane 7.54 10 16
22-DMB 2,2-dimethylbutane 8.26 1 2
CP cyclopentane 0.00 0 0
23-DMB 2,3-dimethylbutane 9.01 0 1
2-MP 2-methylpentane 9.07 1 2
3-MP 3-methylpentane 9.60 1 3
I-Std. Internal Standard 0.00 0 0
n-C6 hexane 10.07 1 2
22-DMP 2,2-dimethylpentane 11.11 0 1
MCP methylcyclopentane 11.18 0 0
24-DMP methylcyclopentane 11.49 1 2
223-TMB 2,2,3-trimethylbutane 11.65 2 5
Bz benzene 12.38 6 15
33-DMP 3,3-dimethylpentane 12.65 1 5
CH cyclohexane 12.82 1 2
2-MH 2-methylhexane 13.35 0 1
23-DMP 2,3-dimethylpentane 13.53 1 2
11-DMCP 1,1-dimethylcyclopentane 13.68 0 1
3-MH 3-methylhexane 13.81 5 13
c-13-DMCP cis-1,3-dimethylcyclopentane 14.32 0 1
t-13-DMCP trans-1,3-dimethylcyclopentane 14.49 0 1
3-EP 3-ethylpentane 14.58 1 2
t-12-DMCP trans-1,2-dimethylcyclopentane 14.67 1 3
n-C7 heptane 15.40 2 7
MCH methylcyclohexane 16.88 1 5
ECP ethylcyclopentane 17.77 0 1
Tol toluene 19.38 3 8
n-C8 octane 21.93 4 8
E-Bz ethylbenzene 23.96 3 9
m-xylene meta-xylene 24.48 3 7
p-xylene para-xylene 24.52 4 11
o-xylene ortho-xylene 25.10 2 5
n-C9 nonane 25.76 2 4
C3-Bz propylbenzene 0.00 0 0
n-C10 decane 28.56 4 7
n-C11 undecane 30.85 31 49
n-C12 dodecane 32.87 29 44
i-C13 C13 isoprenoid 33.18 5 9
i-C14 C14 isoprenoid 34.32 6 10
n-C13 tridecane 34.71 27 42
i-C15 farnesane (C15 isoprenoid) 36.09 10 15
n-C14 tetradecane 36.42 33 53
i-C16 C16 isoprenoid 37.48 16 29
n-C15 pentadecane 38.02 22 41
n-C16 hexadecane 39.53 15 26
i-C18 norpristane (C18 isoprenoid) 40.29 17 32
n-C17 heptadecane 40.95 15 25
Pr pristane (C19 isoprenoid) 41.10 29 51
n-C18 octadecane 42.31 13 21
Phy phytane (C20 isoprenoid) 42.51 22 41
n-C19 nonadecane 43.59 13 23
n-C20 eicosane 44.83 11 18
n-C21 heneicosane 46.00 10 16
n-C22 docosane 47.13 10 16
n-C23 tricosane 48.21 9 14
n-C24 tetracosane 49.24 7 11
n-C25 pentacosane 50.24 8 14
n-C26 hexacosane 51.20 6 10
n-C27 heptacosane 52.12 6 10
n-C28 octacosane 53.01 4 7
n-C29 nonacosane 53.93 4 9
n-C30 triacontane 54.93 3 8
n-C31 hentriacontane 56.04 2 6
n-C32 dotriacontane 57.30 2 5
n-C33 tritriacontane 58.72 2 5
n-C34 tetratriacontane 60.36 1 5
n-C35 pentatriacontane 62.25 1 5
n-C36 hexatriacontane 64.47 1 5
n-C37 heptatriacontane 67.03 1 4
b-CAROTANE beta-carotane 0.00 0 0
n-C38 octatriacontane 70.04 0 3
n-C39 nonatriacontane 73.58 0 2
n-C40 tetracontane 77.70 0 1
n-C41 henetetracontane 82.58 0 1
n-C42 dotetracontane 0.00 0 0
n-C43 tritetracontane 0.00 0 0
n-C44 tetratetracontane 0.00 0 0
n-C45 pentatetracontane 0.00 0 0
n-C46 hexatetracontane 0.00 0 0

Humble Geochemical Services
Weatherford Core Evaluation Services

218 Higgins Street     Humble, TX 77338

Telephone: 281-540 6050    Fax: 281-540 2864



A:16

Client: University of Oklahoma
Client ID: Outcrop - 1 API:
HGS ID: 07-5129-218563 County,State: Carter Co., OK
Type: outcrop Lease
Well: McAlister Cemetary Quarry 
Depth:
Field:
Formation: Woodford
Basin:
Country:

Interpretive Interpretive

Ratios Ratios

Ratios by Area
Pristane / Phytane 1.25 P1 not available

Pristane / nC17 2.08 P2 not available

Phytane / nC18 1.94 P3 not available

nC18 / (nC18 + nC19) 0.47 5N1 not available

nC17 / (nC17 + nC27) 0.72 6N1 not available

Carbon Preference Index 1.14 N2 not available

Totals by Normalization
Normal Alkanes 66.00 K1 not available

Isoalkanes 26.33 K2 not available

Branched Alkanes 4.19

Cycloalkanes 1.53

Aromatics 6.15 5N1 / 6N1 not available

P3 / N2 not available

Halpern Ratios 1

Tr1 6.54

Tr2 5.51 Bz / nC6 7.53

Tr3 10.67 Tol / nC7 1.19

Tr4 1.07 (nC6 + nC7) / (CH + MCH)1.38

Tr5 11.74 Isoheptane Value 2.94

Tr6 not available nC7 / MCH 1.41

Tr7 0.63 CH / MCP 3.51

Tr8 1.42 nC7 / 2-MH 5.17

C1 0.06 nC6 / 2,2-DMB 0.79

C2 0.15 Heptane Value 21.06

C3 0.17

C4 0.44

C5 0.19

1 Halpern, H.I., 1995. APPG Bull.: v.79, p801-815
2 Mango, F.D., 1994. GCS: V.58, p.895-901
3 Thompson, K.F.M., 1983. GCA: v.47, p303-316

Thompson Ratios 3

Gas Chromatography Interpretive Ratios

Ring Preference Ratios

Invariant Ratios

Mango Ratios 2

Humble Geochemical Services
Weatherford Core Evaluation Services

218 Higgins Street     Humble, TX 77338

Telephone: 281-540 6050    Fax: 281-540 2864
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A:19

Client: University of Oklahoma
Client ID: OPL 1283b API:
HGS ID: 07-5129-218270 County,State: Carter Co., OK
Type: outcrop Lease:
Well: McAlister Cemetary Quarry 
Depth:
Field:
Formation: Woodford
Basin:
Country:

Gas Chromatography Integration Results

Peak Compound R.Time Peak Peak
Label Name (min.) Height Area

n-C1 0.00 0 0
n-C2 0.00 0 0
n-C3 0.00 0 0
n-C4-ene 7.19 359 399
n-C4 7.33 954 1113
n-C5-ene 8.88 149 232
n-C5 9.14 685 1031
n-C6-ene 11.61 133 284
n-C6 11.96 327 580
Bz 13.85 1324 2957
n-C7-ene 14.95 43 89
n-C7 15.36 116 206
Tol 17.47 804 1957
n-C8-ene 18.48 19 50
n-C8 18.88 47 92
n-C9-ene 21.91 10 22
n-C9 22.30 36 111
n-C10-ene 25.21 15 32
n-C10 25.51 14 33
n-C11-ene 28.25 49 97
n-C11 28.57 26 61
n-C12-ene 31.01 427 1146
n-C12 31.45 256 608
i-C13 31.69 8 28
i-C14 33.53 32 81
n-C13-ene 33.74 45 114
n-C13 34.00 99 251
i-C15 36.04 22 52
n-C14-ene 36.29 20 43
n-C14 36.55 88 269
i-C16 38.39 72 192
n-C15-ene 38.68 43 109
n-C15 38.88 45 125
n-C16-ene 40.97 21 65
n-C16 41.17 16 38
i-C18 42.21 29 98
n-C17-ene 43.06 37 92
n-C17 43.31 13 33
Pr 43.60 19 74
n-C18-ene 45.25 69 177
n-C18 45.37 65 158
Phy 45.58 46 113
n-C19-ene 47.10 13 44
n-C19 47.32 8 12
n-C20-ene 49.00 10 29
n-C20 49.15 13 28
n-C21-ene 50.82 19 70
n-C21 50.98 13 39
n-C22-ene 0.00 0 0
n-C22 0.00 0 0
n-C23-ene 0.00 0 0
n-C23 0.00 0 0
n-C24-ene 0.00 0 0
n-C24 0.00 0 0
n-C25-ene 0.00 0 0
n-C25 0.00 0 0
n-C26-ene 0.00 0 0
n-C26 0.00 0 0
n-C27-ene 0.00 0 0
n-C27 0.00 0 0
n-C28-ene 0.00 0 0
n-C28 0.00 0 0
n-C29-ene 0.00 0 0
n-C29 0.00 0 0
n-C30-ene 0.00 0 0
n-C30 0.00 0 0
n-C31-ene 0.00 0 0
n-C31 0.00 0 0
n-C32-ene 0.00 0 0
n-C32 0.00 0 0
n-C33-ene 0.00 0 0
n-C33 0.00 0 0
n-C34 0.00 0 0
n-C35 0.00 0 0
n-C36 0.00 0 0
n-C37 0.00 0 0
n-C38 0.00 0 0
n-C39 0.00 0 0
n-C40 0.00 0 0
n-C41 0.00 0 0

Humble Geochemical Services
Weatherford Core Evaluation Services

218 Higgins Street     Humble, TX 77338

Telephone: 281-540 6050    Fax: 281-540 2864
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A:22

Client: University of Oklahoma
Client ID: Outcrop - 1 API:
HGS ID: 07-5129-218563 County,State: Carter Co., OK
Type: outcrop Lease:
Well: McAlister Cemetary Quarry 
Depth:
Field:
Formation: Woodford
Basin:
Country:

Gas Chromatography Integration Results

Peak Compound R.Time Peak Peak
Label Name (min.) Height Area

n-C1 0.00 0 0
n-C2 0.00 0 0
n-C3 0.00 0 0
n-C4-ene 7.26 1293 1526
n-C4 7.40 952 1150
n-C5-ene 8.94 1199 1930
n-C5 9.19 545 826
n-C6-ene 11.64 690 1252
n-C6 12.00 466 837
Bz 13.86 744 1674
n-C7-ene 14.99 450 888
n-C7 15.39 320 634
Tol 17.48 407 1009
n-C8-ene 18.51 343 704
n-C8 18.91 246 520
n-C9-ene 21.94 296 615
n-C9 22.32 210 462
n-C10-ene 25.18 238 496
n-C10 25.53 173 357
n-C11-ene 28.23 183 415
n-C11 28.55 132 286
n-C12-ene 31.09 139 330
n-C12 31.38 118 272
i-C13 31.72 17 37
i-C14 33.55 34 85
n-C13-ene 33.79 129 294
n-C13 34.06 113 269
i-C15 36.06 31 89
n-C14-ene 36.33 99 215
n-C14 36.58 105 298
i-C16 38.41 46 116
n-C15-ene 38.73 85 241
n-C15 38.96 71 174
n-C16-ene 41.00 79 184
n-C16 41.22 68 176
i-C18 42.23 27 116
n-C17-ene 43.17 55 135
n-C17 43.37 50 129
Pr 43.61 21 59
n-C18-ene 45.23 47 116
n-C18 45.41 53 145
Phy 45.65 6 12
n-C19-ene 47.19 43 100
n-C19 47.36 45 100
n-C20-ene 49.07 31 78
n-C20 49.23 36 85
n-C21-ene 50.86 33 83
n-C21 51.01 36 84
n-C22-ene 52.59 21 52
n-C22 52.73 24 59
n-C23-ene 54.24 18 56
n-C23 54.37 21 51
n-C24-ene 55.84 13 36
n-C24 55.95 19 45
n-C25-ene 57.35 11 37
n-C25 57.47 18 54
n-C26-ene 58.85 8 17
n-C26 58.94 11 28
n-C27-ene 60.27 11 26
n-C27 60.35 12 33
n-C28-ene 61.64 7 16
n-C28 61.73 28 84
n-C29-ene 62.97 6 23
n-C29 63.06 9 35
n-C30-ene 64.27 4 12
n-C30 64.35 6 18
n-C31-ene 65.64 4 11
n-C31 65.72 6 21
n-C32-ene 67.10 4 8
n-C32 67.15 4 13
n-C33-ene 0.00 0 0
n-C33 0.00 0 0
n-C34 0.00 0 0
n-C35 0.00 0 0
n-C36 0.00 0 0
n-C37 0.00 0 0
n-C38 0.00 0 0
n-C39 0.00 0 0
n-C40 0.00 0 0
n-C41 0.00 0 0

Humble Geochemical Services
Weatherford Core Evaluation Services

218 Higgins Street     Humble, TX 77338

Telephone: 281-540 6050    Fax: 281-540 2864
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