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Abstract 

 
Unconventional shale resource systems can provide massive energy reserves for gas and oil if developed properly and soundly. Development 
of these systems has evolved rapidly over the past decade in North America, although it took 30 years to reach such a level.  
 
The key component of an unconventional system is the source rock itself. Thus, basic factors such as shale thickness, porosity, permeability, 
mineralogy, rock mechanics, organic richness, kerogen type, and oil/water/gas saturation are important variables. An unconventional shale 
resource system may be described as a continuous organic-rich source rock with low porosity and permeability with or without juxtaposed 
(overlying, interbedded, or underlying) organic-lean tight rock units.  
 
Unconventional thermogenic shale gas resource systems are divided into overlapping categories. There are highly productive organic and 
silica-rich mudstones that are most often gas-window mature, but there are also some productive systems that are oil-window mature 
producing high BTU gases. Systems dominated by a gas-window mature (>1.00%Roe), organic-rich mudstone typically have 30-80% of 
their petroleum storage in organic porosity. Hybrid systems have both organic and matrix porosity and will usually be far more productive as 
a result of higher storage capacity.  
 
Unconventional shale oil resource systems, while dominantly clay and organic-rich mudstones have produced significant amounts of oil 
(e.g., Barnett Shale in the oil window), systems with juxtaposed, organic-lean carbonates have proven more successful (e.g., Eagle Ford 
Shale, Bakken Formation, and Niobrara Shale). There are also fractured shale oil resource systems and even high-porosity, high-
permeability shale systems, including the Miocene Monterey Shale in California, and fractured Upper Bakken Shale fields in the Williston 
Basin, North Dakota. While silica content remains important for rock brittleness, the source of silica, whether biogenic or detrital, becomes 
very important as biogenic silica will result in adsorption of oil to organic matter associated with the biogenic silica. In this case there is a 
tight, albeit brittle rock, but there is also strong adsorption of oil components, especially polar constituents, such as the resin and asphaltene 
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fractions that have not yet been cracked to lighter hydrocarbons in the oil maturity window.  
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Extraction of Whole Rock SamplesExtraction of Whole Rock Samples
often yields additional oil often yields additional oil sorbedsorbed in rock matrix and in rock matrix and 
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350

314Free Oil in S1
Oil in S2

150

200

250

300

111 111

160
173

207 204

251

288

el
s o

f O
il 
pe

r A
cr
e‐
fo
ot

Total Oil

Total oil is the sum 
of S1 + extractable 

S2 oil:
This shows that total 
oil is 2‐3x S1 only

0

50

100

4155 4305 4455 4605 4755 4905 5055 5205 5355 5505 5655 5805

24

79

41

Ba
rr

Depth (ft.)

TOC Distribution in Various Kerogen TypesTOC Distribution in Various Kerogen Types
(in this case with fixed (in this case with fixed TOCTOCoo))

T I

Examples

Live Carbon

Live Carbon

75% 25%

37% 63%

Type I
TOC = 10%
HI = 900

Char

Char
Type II

TOC = 10%
HI = 500

Live Carbon 25% 75% Char
Type III

TOC = 10%
HI = 200



GEO 2012 Bahrain Presented 6 March 2012

Extraction of Whole Rock SamplesExtraction of Whole Rock Samples
often yields additional oil often yields additional oil sorbedsorbed in rock matrix and in rock matrix and 

kerogen; kerogen and kerogen; kerogen and asphaltnesasphaltnes sorbsorb oil toooil too

350

314Free Oil in S1
Oil in S2

150

200

250

300

111 111

160
173

207 204

251

288

el
s o

f O
il 
pe

r A
cr
e‐
fo
ot

Total Oil

Total oil is the sum 
of S1 + extractable 

S2 oil:
This shows that total 
oil is 2‐3x S1 only

0

50

100

4155 4305 4455 4605 4755 4905 5055 5205 5355 5505 5655 5805

24

79

41

Ba
rr

Depth (ft.)

TOC Distribution in Various Kerogen TypesTOC Distribution in Various Kerogen Types
(in this case with fixed (in this case with fixed TOCTOCoo))

T I

Examples

Live Carbon

Live Carbon

75% 25%

37% 63%

Type I
TOC = 10%
HI = 900

Char

Char
Type II

TOC = 10%
HI = 500

Live Carbon 25% 75% Char
Type III

TOC = 10%
HI = 200



Wildcat Technologies, LLC  
www.wildcattechnologies.com 9

Spent TOC (only NGOC remains)Spent TOC (only NGOC remains)
Type I

TOC = 2.98%
HI = HI = 00

NGOC

Type II
NGOC

NGOC

TOC = 6.10%
HI = HI = 00

Type III
TOC = 8.44%

HI = HI = 00

TOCoriginal HIoriginal GOC NGOC TOCspentoriginal original  spent

10.00 900 76.5% 2.35 2.98
10.00 500 42.5% 5.75 6.10
10.00 200 17.0% 8.30 8.44

Percent GOC is HIoriginal / 1177 (assumes 85% carbon in petroleum/bitumen)
GOC is generative organic carbon
NGOC is non‐generative organic carbon
TOCspent includes additional char formation
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Key to Producible Shale Oil Resource System?  Key to Producible Shale Oil Resource System?  
when high oil saturations are when high oil saturations are indicated indicated ––

the oil crossover effectthe oil crossover effect

UtilizingUtilizing the the 
“Oil Crossover “Oil Crossover 

Effect”:Effect”:

When the Oil When the Oil 
Saturation Saturation 

Index Index > 100 > 100 mg mg 
il/il/ TOCTOC

Bazhenov Shale
Western Siberia

oil/g oil/g TOC,TOC,
producible producible 

oil is oil is 
present.present.

Jarvie, 2012, AAPG  Memoir 97, in pressData from Lopatin et al., 2003 Jarvie, 2012, AAPG  Memoir 97

Oil Content in Rock SampleOil Content in Rock Sample
as measured by thermal extractionas measured by thermal extraction

S1
(oil) S2 (kerogen)Measured 

S1
(oil)

S1’ (oil in S2)

Evap. Loss
of oil

Overlap of free oil and oil carried over into S2Overlap of free oil and oil carried over into S2
This is a function of oil type and isolated organic pores This is a function of oil type and isolated organic pores 

(oil)

S2 extracted rock

S (kerogen)

Reality 

Total Oil = (S1 Total Oil = (S1 WR WR ‐‐ S1 S1 extracted rockextracted rock) + (S2 ) + (S2 whole rockwhole rock –– S2 S2 extracted rockextracted rock) + E.L.) + E.L.

Evaporative Losses = S1 x (GC Fingerprint produced oil / GC Fingerprint of extracted oil)Evaporative Losses = S1 x (GC Fingerprint produced oil / GC Fingerprint of extracted oil)
This technique also allows prediction of GOR on This technique also allows prediction of GOR on shale (rock) samples.shale (rock) samples.
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Factors Affecting S1Factors Affecting S1

T f l ( tti SWC )T f l ( tti SWC )•• Type of sample (cuttings, SWC, core)Type of sample (cuttings, SWC, core)
•• Type of lithofacies (shale, carbonate, Type of lithofacies (shale, carbonate, 
sandstone)sandstone)

•• Analytical instrument utilized for analysisAnalytical instrument utilized for analysis
•• Sample handling and processing (esp heating)Sample handling and processing (esp heating)•• Sample handling and processing (esp. heating)Sample handling and processing (esp. heating)
•• OilOil‐‐based mud (OBM) or organic additives to based mud (OBM) or organic additives to 
drilling fluidsdrilling fluids

Change in Various Geochemical Change in Various Geochemical 
Measurements due to age, sample Measurements due to age, sample typetype

(data from 1980s well and new offset well)(data from 1980s well and new offset well)
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ParshallParshall Field, Williston BasinField, Williston Basin
Bakken Shale,Bakken Shale,
Reservoir andReservoir and

OilOil
FingerprintsFingerprints

Key ObservationsKey Observations

U. Bakken Shale

1.1. U. Bakken Shale has lost U. Bakken Shale has lost 
very little oil, may be less    
than the produced dead than the produced dead 
oil sampleoil sample

2.2. Middle Member has lost Middle Member has lost 
most hydrocarbons less most hydrocarbons less 
than C15than C15

Middle Member
Lost

Key PointKey Point

•• Shale holds the oil very Shale holds the oil very 
tightly, whereas the tightly, whereas the 
dolomiticdolomitic member member 
retains very little light oilretains very little light oil

Middle Member
Produced oil

Jarvie et al., 2011
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Claims that REClaims that RE‐‐2 and RE2 and RE‐‐6 6 PyrolysisPyrolysis Yields are Yields are differentdifferent
not substantiatednot substantiated by published IFP databy published IFP data

RE‐2 and RE‐6 data 
comparison in Behar et 
al., 2001.  These data 
show high degree of 

correlation essential for 
compatibility of Rock‐

Behar et al., 2001

p y
Eval® data.  

• RE‐6 uses nitrogen only
Ad t

Does carrier gas make a difference?Does carrier gas make a difference?
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flow controllers flow controllers independentindependent of of 
gas pressuregas pressure

•• SR Analyzer™ uses manual pressure SR Analyzer™ uses manual pressure 
regulatorsregulators to control gas flow; to control gas flow; 
dependent on gas pressure dependent on gas pressure only only 
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Assessing Shale Resource Systems Assessing Shale Resource Systems 
HAWK Resource WorkStation®HAWK Resource WorkStation®

1.1. Designed for both laboratory and well site useDesigned for both laboratory and well site use
2.2. Determine oil carryover (oil in kerogen peak)Determine oil carryover (oil in kerogen peak)
3.3. Determine lost oil due to evaporation from storage, handling, processingDetermine lost oil due to evaporation from storage, handling, processing
4.4. Assess oil quality (API gravity, viscosity, GOR, sulfur, gas composition)Assess oil quality (API gravity, viscosity, GOR, sulfur, gas composition)
5.5. Determine TOC, total carbon, and carbonate carbonDetermine TOC, total carbon, and carbonate carbon
6.6. Predict organic porosityPredict organic porosity
7.7. Determine OOIP or GIP (equivalency)Determine OOIP or GIP (equivalency)
8.8. BuiltBuilt‐‐in shale resource comparative databasein shale resource comparative database
9    Built-in kinetics profiles for transformation rate prediction
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For information about the For information about the 

HAWK Resource Workstation®HAWK Resource Workstation®
contact:contact:

Wildcat Technologies LLCWildcat Technologies LLCWildcat Technologies, LLCWildcat Technologies, LLC
218 Higgins Street218 Higgins Street

Humble, TX 77338 USAHumble, TX 77338 USA
281281‐‐540540‐‐32083208

www.wildcattechnologies.comwww.wildcattechnologies.com

W. David Weldon, W. David Weldon, President  President  (davidweldon@wildcattechnologies.com)(davidweldon@wildcattechnologies.com)
Albert Maende, Sales/Geochemistry Albert Maende, Sales/Geochemistry  (albertmaende@wildcattechnologies.com(albertmaende@wildcattechnologies.com))

Jared Stewart, Engineering and Instrument Jared Stewart, Engineering and Instrument Support  Support  (jaredsteward@wildcattechnologies.com(jaredsteward@wildcattechnologies.com
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