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ABSTRACT  

 

 Unconventional reservoirs require hydraulic stimulation to be commercially productive. 

Recently, distinctions have been made between reservoir quality vs. completion quality (Cipolla 

et al. 2012), emphasizing the importance of both elements for production. There are many 

sources of variability in reservoir quality; in this thesis I examine several fundamental reservoir 

properties in detail and combine them in a new way: the Rock Quality Index (RQI). Through the 

definition of a geomechanical model and corresponding mechanical stratigraphy, those factors 

having a substantial effect on reservoir quality became apparent. Two fundamental categories; 

compositional variation and fabric variation, are used to characterize overall reservoir variation. 

Burial, compaction, hydrocarbon generation, diagenesis, and tectonics all affect the mechanical 

character and in-situ stress state of the reservoir. The Rock Quality Index (RQI) is an effort to 

understand how composition and fabric relate to stress anisotropy, fracturing, and rock 

properties, and ultimately aid in defining the best zones for exploitation. Therefore, this Rock 

Quality Index (RQI) is vital for the defining the second element of unconventional reservoir 

success; completion quality. Without a reservoir framework to drive the completion design, high 

completion quality will be harder to achieve. 

The original mechanical stratigraphy definition is in turn used as a framework for relating 

Rock Quality Index (RQI) variations to the factors which caused them. The comparison between 

Rock Quality Index (RQI) and mechanical stratigraphy shows that zones traditionally thought of 

as desirable for hydraulic completion (brittle) are also zones of high internal heterogeneity. 

Formation heterogeneity may be detrimental to hydraulic fracture growth.  

Using several other data types (multicomponent time-lapse seismic, microseismic, and 

reservoir engineering tests) in conjunction with the Rock Quality Index (RQI), it is observed that 

there is a strong formation influence on the progression of hydraulic fractures. The locations of 

interfaces between changes in rock properties and/or stress state are locations where the 

hydraulic fracture character will also change. It was found that energy is dissipated in 

heterogeneous/brittle zones, while hydraulic growth occurs in homogenous zones. However, at 

the intersection of a homogenous zone with a brittle zone, both hydraulic fracture growth and 

energy dissipation is possible. Here relatively higher production is observed. Stress shadowing 

amplifies the effects of energy dissipation in brittle zones.  
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 Understanding the geological factors that have the greatest influence on stimulation has 

proven to be a useful method of predicting productivity and efficiency in shale reservoirs.  The 

results of this geomechanical study are calibrated with diagnostic fracture injection tests, 

microseismic, spinner gas data, and time-lapse multicomponent seismic to corroborate the 

predictions of reservoir performance in the Montney Shale.  
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GLOSSARY OF TERMS 

SEQUENCE STRATIGRAPHY 

Condensed Section (CS) - Deposited during maximum transgression of the shoreline. The 

condensed section commonly forms the upper layer of the transgressive systems tract (TST), 

often characterized by high gamma ray signatures. The condensed section consists of 

hemipelagic and pelagic sediments deposited firstly in more distal slope and basin settings, then 

as the shoreline backsteps these facies move further up the slope and shelf. Sedimentation 

rates are lesser due to distance from the continental margin; therefore skeletal remains of 

pelagic fauna form the dominant facies (Loutit et al 1988). 

Highstand Systems Tract (HST) - Bound by the maximum flooding surface (below) and an 

unconformity (above- Embry et al 2007).   

Lowstand Systems Tract (LST) - bound by the sequence boundary (time surface) below and 

ñtransgressive surfaceò above. Includes all the sediments deposited during base level fall 

(Embry et al 2007).  

Maximum Flooding Surface (MFS) - A surface of deposition at the time the shoreline is at its 

maximum landward position (Posamentier& Allen 1999). The MFS separates the transgressive 

and highstand systems tract. Marine shelf and basinal sediments associated with this surface 

are consist of slow deposition of pelagic & hemipelagic sediments and are usually thin and fine 

grained. These fine sediments make up the condensed section (Mitchum 1977).  

Progradational Facies - an overall ñshallowing-upwardò trend in the facies, due to a progressive 

advancement of the shoreline seaward (Embry et al 2007). 

Transgressive Systems Tract (TST) - bounded by the transgressive surface below and the 

maximum flooding surface above (Embry et al 2007).  

Transgressive surface of erosion (TSE) - marine flooding surface, marking the change from a 

regressive trend below to a transgressive trend above. Includes all the sediments deposited 

during transgression (Embry et al 2007).  

 

SEDIMENT DEPOSITION 

Anoxic conditions - a depositional environment restricted from oxygen, due to a stratified 

stagnant water column. Anoxic conditions results in enhanced preservation of organic-rich 

sediments such as deepwater shale.  
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Argillaceous - rocks with a high clay content, and with a sufficient percentage of organic material 

to be considered a source rock for hydrocarbon generation (Schlumberger 2012).  

Claystone - a non-fissile indurated rock with greater than 2/3 fraction clay-sized particles. 

Termed clay-shale if the unit is fissile (Folk 1980).  

Clay-sized particles - 0.06-2 microns (0.00006-0.0020 millimeters) (Folk 1980). 

Hyperpycnal flow - depositional method produced by high-density fluvial discharge events 

resulting in relatively slow moving and long-lived turbulent sediment gravity flows, which may 

extend offshore for considerable distances (OôConnell 2011). 

Mudrock - general term referring to terrigenous rocks containing greater than 50% silt and/or 

clay (Folk 1980).  

Mudstone - a non-fissile indurated rock with sub-equal portions of silt and clay. Termed mud-

shale if the unit is fissile (Folk 1980).  

Pelagic Sediments - fine grained deep sea sediment composed of largely biogenic ooze that is 

often rich in foraminifera with 60% pelagic and neritic grains.  

Siltstone - a non-fissile indurated rock with greater than 2/3 fraction silt-sized particles. Termed 

silt-shale if the unit is fissile (Folk 1980).  

Silt-sized particles - 3.9-31 microns (0.0039-0.031 millimeters) for very fine- medium silt, 31-

62.5 microns (0.031-0.0625 millimeters) for coarse silt (Folk 1980).  

 

STRESS/ROCK PROPERTIES 

Core Triaxial Test- Determines the unconsolidated, undrained, compressive strength of 

cylindrical specimens of cohesive soils in an undisturbed condition, using a strain-controlled 

application of the axial compression-test load where the specimen is subjected to a confining 

fluid pressure in a triaxial chamber (TXDOT 1999). This test provides data for determining 

strength properties and stress-strain relationships (TXDOT 1999) 

Pore-pressure/Stress Coupling- Ds3=2/3DPP. Data suggests minimum horizontal stress 

increases anywhere from 60-80% the rate of the increase in pore pressure. Therefore, contrary 

to uncoupled modeling predictions, decreased differential stress (sv-shmin) will occur with 

increased pore pressure (Hillis 2000).  

Fabric-based brittleness index - Brittleness Index B7= OCRb
Ą OCR= (sV (max)/ sV), b=0.89 

Over-consolidation Ratio (OCR) - The ratio of past effective stress to present effective stress (sV 

(max)/ sV- Holt et al 2011). 

Maximum past effective stress (sV (max)) - ((sV (max) (Mpa)) = 8.6C0 (Mpa) 0.55 
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Unconfined Rock Strength (C0) - Co (Mpa) = 0.77 Vp(km/s)2.93 (empirical relationship established 

by Hosrud, where Vp is the P-wave velocity in km/s - Holt et al 2011) 

Square of the Travel-Time Ratio - R=DTS2/DTC2 

Term Abbreviations 

ECS Elemental capture spectroscopy 

XRF X-Ray Fluorescence 

XRD X-Ray Diffraction 

LIBS Laser-induced breakdown spectroscopy 

SEM Scanning Electron Microscopy 

UCS Unconfined Compressive Strength 

Co Compressive Strength 

shmin    

sHMax    

sV 

Minimum horizontal stress               
Maximum horizontal stress                           
Overburden Stress 

PHIE Effective permeability 

DTS Shear wave travel time (us/m) 

DTP Compressional Wave travel time 

Vp Compressional wave velocity 

Vclay Clay Volume 

RHOZ Bulk density (kg/m3) 

PP Pore Pressure 
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CHAPTER 1 

GEOLOGICAL BACKGROUND  

 The Lower Triassic Montney is the only documented turbidite siltstone reservoir in the 

Western Canada Sedimentary Basin (Moslow 2000). This reservoir has been developed since 

1993 and has produced over 1.5 TCF of gas, and additional liquids (Moslow 2000). Facies 

grade from conventional sandstones in the East through shelf siltstones and sandstones to 

shale facies in the West (Map 1.1). In this study, the facies of interest are organic-rich 

argillaceous siltstones and shales. 

 

Map 1.1 - Area map, with the two study areas outlined in red. Talisman pilot and development 

locations are outlined with pink stars and circles respectively (courtesy of Talisman Energy Inc.). 

 

 Deposition occurred in a ramp setting, and a ramp-ñedgeò or slope break defines the 

updip depositional limit of the turbidite facies (Moslow 2000). Figure 1.1 shows the generalized 
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depositional model for the entire Montney, defining the break in slope and sedimentary 

depositional processes at play. Two producing fields form the basis for my study. The Pouce 

Coupe Field produces from facies deposited on the slope while the Farrell Creek Field produces 

from more distal facies formed in a basinal setting (Figure 1.2). As shown in Figure 1.2, these 

two fields occur in very different stratigraphic positions. ñEvent bedsò, a term used to describe 

pseudo-turbidite facies, are common in Pouce Coupe and distinctly absent in Farrell Creek. 

Facies exploited at Pouce Coupe are tight gas silts and sands, producing both gas and liquid 

hydrocarbons, due to thermal maturity in the peak oil to early gas generation window. Farrell 

Creek is actively being developed for its unconventional shale assets and produces entirely dry 

gas hydrocarbons.  

 

Figure 1.1 ï Overall depositional model for the Montney Formation. Mass-wasting events on the 

ramp slope generate turbidity currents and result in downslope turbidite deposition. Moving 

basinward facies become finer grained and more organic-rich (courtesy of Lindsay Dunn, 

Talisman Energy Inc.). 

1.1 Structural Framework  

 Structural influence plays an important role in the distribution of facies in the Montney. 

The Devonian-Mississippian Antler Orogeny created a regional strike-slip component that likely 

contributed to subsidence of the Peace River Arch, creating the Peace River Embayment on the 

Dawson Creek graben complex (Moslow 2000). Subsidence continued throughout the Montney 

depositional period. Throughout the Triassic, re-activation of extensional faults occurred 

contemporaneously with the formation of the Dawson Creek graben complex (Moslow 2000). 

Lows in the basin due to the graben complex allowed for sediment to be transported further into 

the basin (Moslow 2000). Therefore, Montney deposition is influenced both by syn and post-
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depositional faulting. In addition, underlying Devonian carbonate reefs cause northeast-

southwest trending structural highs and lows due to differential compaction. 

 

Figure 1.2- The stratigraphic framework at Farrell Creek and Pouce Coupe. Maximum 

regressive surfaces are defined by red lines while maximum flooding surfaces are defined by 

green lines (courtesy of Lindsay Dunn, Talisman Energy Inc.).  

1.2 Available Data  

The Farrell Creek and Pouce Coupe databases are shown in Tables 1.1 and 1.2, as well 

as in Maps 1.2 and 1.3. Colors refer to the components of the geomechanical analysis these 

wells were used for. Color legends shown in Tables 1.3 and 1.4. 
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Table 1.1- Farrell Creek database (see Table 1.3 and 1.4 for color legend).  

WELL LOGS CORE  GEOPHYS. ENGINEERING            

C-85-I/94-B-1 
Full suite, 
image log 

TRP, 
Rock-
Eval N/A DFIT, S&T             

16-17-83-25W6 
Full suite, 
Image log 

TRP, 
Rock-
Eval N/A N/A             

B-15-I/94-B-1 
Full suite, 
Image log N/A N/A DFIT             

C-B85-I/94-B-1 GR N/A MS (3-9)* N/A             

C-C85-I/94-B-1 GR N/A MS (3-12) N/A             

C-D85-I/94-B-1 GR N/A MS (7-14) N/A             

C-F89-I/94-B-1 GR N/A MS (1-11) N/A             

D-87-I/94-B-1 Full suite N/A MS (1-7) N/A             

C-D89-I/94-B-1 GR N/A MS (3-12) N/A             

C-E89-I/94-B-1 GR N/A MS (1-11) N/A             

D-82-I/94-B-1 GR N/A N/A DFIT             

A-A92-I/94-B-1 GR N/A N/A DFIT             

C-B65-I/94-B-1 Image log N/A N/A DFIT             

C-D65-I/94-B-1 GR N/A N/A DFIT             

     * Number refers to microseismic stages included in the analysis. 

Table 1.2 - Pouce Coupe databases (see Tables 1.3 and 1.4 for color legend). 

WELL LOGS CORE  GEOPHYS. ENGINEERING            

0/7-7-78-10W6 Full suite N/A MS, 4D  S&T, FG             

2/7-7-78-10W6 
Full suite, 
DTS N/A MS, 4D  S&T, ISIP, FG             

0/2-7-78-10W6 Full suite N/A MS, 4D  FG             

2/2-7-78-10W6 Strip log N/A MS, 4D  FG             

5-14-78-11W6 Full suite N/A N/A N/A             

13-12-7811W6 

Full suite, 
DTS 
spectral 
GR 

Por& 
Perm N/A N/A             

5-26-80-13W6 Full suite 
Por& 
Perm N/A N/A             

6-7-78-10W6 
Full suite, 
DTS    N/A FG             
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Table 1.3- Color legend for data usage.  

Stress Profile   

Rock properties/ RQI   

Production Correlation   

Fracture Identification and behavior (quality control)   

Microseismic Fracture network (quality control)   

Microseismic B-value and Magnitude   

Table 1.4 ï Abbreviation legend for Table 1.1 and 1.2   

Microseismic MS 

Rock Quality Index RQI 

Static and Dynamic Triaxial Rock Properties TRP 

Mohr-Coulomb Failure MC 

Spinner & Tracer log S&T 

Fracture gradient FG 

Porosity Por. 

Permeability Perm. 

 

   

 

 

 

 

 

 

   

Map 1.2- Pouce Coupe Data Locations. Wells outlined in red are those which were used for 

analysis, and accompanying text boxes refer to what data was available in that wellbore.  

 

Logs, Shear Sonic 

Logs, Shear Sonic 

Logs 
Logs, Shear Sonic 

Logs 
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Map 1.3- Farrell Creek Data Locations. Text boxes refer to what data was used at each well 

location.  

1.3- Previous Research by  Talisman Energy Inc.  

The Montney Shale is currently being developed and produced by numerous operators. 

Talisman Energy, in addition to designing and shooting the 4D time-lapse seismic survey in the 

Pouce Coupe area, is actively developing the Farrell Creek Field in Northeastern British 

Columbia. Three pilot wells; well 02/07-07-78-10W6 in Pouce Coupe, C-85-I/094-B-01 and 16-

17-83-25W6 in Farrell Creek (see Tables 1.1 and 1.2) included abundant data and were 

primarily used to characterize the reservoir. 

B-15-I 
DFIT, Logs, 
Image log 

16-17 
Logs, Image 
Log, Core 

C-85-I 
DFIT, S&T, Image log, Core 

C-65-I 
2 DFIT, Image log 

B-87-I 
Logs 

B-92-I 
2 DFIT, GR 
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1.3.1 Farrell Creek  

Stress gradient work and rock property analysis used in this report has been previously 

done on several wells in the Farrell Creek area. Kurt Wikel (currently of Petrobank Resources) 

generated stress profiles using wellbore breakout data and empirical correlations from logs 

while working at Talisman. These results were calibrated to pore pressure and stress data 

provided by completion and pressure gauge data in the field. Stress directions were determined 

through examination of drilling-induced fractures and breakouts in image logs. The magnitude of 

maximum horizontal stress (sHmax) was inferred using available drilling and stress data as 

inputs into GMI SFIB software. Rock properties, namely Youngôs Modulus, Shear Modulus, and 

Poissonôs Ratio, were determined using empirical correlations from logs, and calibrated to 

values provided by core triaxial testing. Core triaxial test results from Core Labs and TerraTek 

provided ground-truth values for the unconfined compressive strength of the formation.  

Core facies characterization was completed by Lindsay Dunn, and additionally 

correlated to thermal maturity and vitrinite reflectance data which were analyzed by Lindsay 

Dunn, Dr. Muki, Basim Faraj, and the author. For a general overview of the Montney 

sedimentary framework and stratigraphic architecture, see the joint study by the University of 

Alberta and the Ichnology Research Group (IRG- see Selected Bibliography section).   

1.3.2 Pouce Coupe  

Stress profiles were generated in the same manner as in Farrell Creek, and calibrated 

with completion and pressure gauge data. Stress directions and magnitudes are more difficult to 

constrain here due to a lack of image logs, so inferences were made using the Farrell Creek 

dataset. Core facies characterization was completed by Dawn Jobe. This previous work was 

used to aid in the definition of mechanical stratigraphy for the two study areas, which will be 

expanded on in Chapters 3 and 5.  
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CHAPTER 2 

SEQUENCE STRATIGRAPHY 

Conventional play evaluation involves the identification of three critical elements; 

hydrocarbon charge, reservoir, and trap. Hydrocarbon charge includes the presence of a source 

rock, thermal maturity, and appropriate migration pathways. The reservoir must be sufficiently 

porous and permeable to house migrated hydrocarbons. Finally, both closure (trap volume) and 

seal (trap efficiency) are necessary for maintaining hydrocarbons in the reservoir (Toro 2011). 

Conventional sequence stratigraphic models have long been used in connection with 

depositional systems to predict the origin and extent of facies with appropriate hydrocarbon 

charge, reservoir, and seal. By using vertical stacking patterns and lateral associations within a 

sequence, facies can be placed within a framework relating them to the surrounding rock. 

Chronological evolution of a basin can also be established through time boundaries interpreted 

from seismic and paleo-biologic controls.  

 

In unconventional shale reservoirs, sequence stratigraphy must be approached 

differently than it would be in a conventional shelf setting. Hydraulic fracturing of shale is 

necessary to create sufficient permeability for commercial production, so a method of relating 

stratigraphy to geomechanical and hydraulic properties is essential for successful reservoir 

development. In the study areas presented here, a portion of the total stratigraphic package is 

being examined, without the entire framework to correlate to. Facies prediction and association 

must still be employed despite the more subtle variations in these stratal packages. The 

depositional pattern in deepwater settings ultimately conforms to known stratigraphic controls 

and architectures (Passey et al 2010). In addition, it is hypothesized by Slatt et al 2011 that 

many deepwater shale reservoirs were deposited under similar environmental conditions, with 

similar transport mechanisms, and therefore a generalized model can be defined (see Figure 

2.1). The common model is a basal transgressive surface of erosion (TSE), followed by a 

marine transgression depositing the fining-upward facies of the transgressive systems tract 

(TST). In some cases a high gamma ray condensed section caps the TST, and is followed by a 

downlapping progradational highstand systems tract (HST). A diagram of these terms is outlined 

in Figure 4. Other commonalities amongst shales include presence of pyrite, indicating reducing 

conditions in the depositional environment (noted in the Barnett, Haynesville, Marcellus, 

Woodford, and Horn River Shales, Slatt et al 2011). 
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Figure 2.1- Gamma Ray Logs showing the commonalities of North American Gas Shales 

(Rodriguez et. al 2000). A basal transgressive systems tract (organic-rich/phosphate-rich fining 

upward) shaley interval is capped by an organic-rich, high gamma ray shale, followed by a 

highstand systems tract (clay/quartz-rich coarsening upward) interval (Slatt et al 2011). 
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While the similar depositional conditions and architectures of various shale reservoirs 

aids in the use of a sequence stratigraphic model, the starved sediment conditions of deepwater 

shales hinders the use of sequence stratigraphy in the traditional sense. Starved sediment 

conditions means the stratigraphic record does not have relative sea level defined by proximal 

basin-margin facies. Examination of the Bakken and Exshaw formations of Western Canada 

exemplifies this problem. The Bakken and Exshaw are distal deepwater hemipelagic mud 

formations; however a lack of contemporaneous offshore/shoreface mudstone or sandstone 

deposits means that the linkage between distal and proximal facies is missing (Bustin and Smith 

2000).  

 

Due to this disconnect the current strategy relies heavily on the gamma ray curve 

(Crews et al 2000). Additional parameters are required to correlate distinct stratal patterns. Of 

these parameters, the two that are related to this study are the use of geomechanical rock 

properties to create facies types, and using sequence stratigraphy to relate natural fracture type 

to the type of failure expected in the subsurface (Billingsley et al 2006). These methods will be 

discussed further in Chapters 4, 5, and 7. 

 

The most productive portion of shale reservoirs are associated with the thermally mature 

strata of the transgressive systems tract/condensed section (TST/CS) (Hart 2011). The TST/CS 

is characterized by high TOC (Type I/II) and a high silica and/or carbonate component. In terms 

of rock properties, this makes the TST/CS shales relatively brittle and ideal candidates for 

fracture treatments. Additionally, TST/CS shales are considered to have less variability in 

lithology and thickness throughout the reservoir, making them more predictable for horizontal 

well development (Hart 2011).  

 

While unconventional reservoirs such as the Montney are often referred to as ñblack 

shalesò, clays can comprise less than 20% of the rock (Hart 2011). The most accurate 

description of the Montney ñshaleò is an organic-rich argillaceous mudrock (see Glossary of 

Terms). The Lower Montney consists of transgressive and highstand systems tracts, while the 

Upper Montney consists of a lowstand systems tract turbidite facies assemblage as well as 

transgressive and highstand systems tracts. In the East, the sequence boundary separating the 

Upper and Lower underlies a laterally discontinuous dolomitic coquina, and basinward toward 

the West this boundary underlies the turbidite coarser facies of the lowstand systems tract in the 

Upper Montney (Moslow 2000). Figure 2.2 shows the generalized systems tract model.  
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Figure 2.2 - Geometrical relationships between the highstand systems tract, transgressive 

systems tract, lowstand systems tract, and maximum flooding surface (MFS- Posamentier et al. 

2011). 
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CHAPTER 3 

COMPONENTS OF MECHANICAL  STRATIGRAPHY 

Although shale has been conventionally viewed as a single homogenous facies, the 

merits of defining distinct packages are coming to light. Heterogeneities within the unit can be 

defined on many different scales depending on the scope of interest. It is necessary to 

recognize this fine-scale variability, as it is apparent that it affects the completion and production 

results from wells to date. Through the definition of a mechanical stratigraphic framework, 

engineering parameters such as perforation and fracture spacing, stage number, horizontal 

length, and lateral landing point can be targeted based on high-graded areas of the reservoir.  

 

The original definition for rock type is as follows: 

Rock Type (Archie 1950): Units of rock deposited under similar geological conditions, 

having undergone similar diagenetic processes, and resulting in a unique porosity, permeability, 

capillary pressure, and water saturation for a given height above free water.  

 

The definition above for distinguishing rock types clearly has limited applicability in 

unconventional reservoirs, as outlined by Kale (2009). In shale there is a much smaller range of 

porosity and permeability to distinguish different areas of the reservoir. In addition, shales occur 

at irreducible water saturation due to expulsion and overpressuring during hydrocarbon 

generation (Momper 1980). Another important mechanical factor is stratigraphic layering. 

Because of the quiescent conditions of deposition, sedimentary structures in deep water shales 

are primarily laminations, and the degree of lamination will have a strong influence on the rock 

properties within the unit. Changes in rock properties associated with layers will create planes of 

weakness, stress concentration, and are likely candidates for fracture propagation. Therefore, a 

new method of rock typing must be used to accurately characterize an unconventional reservoir.  

 

Newsham and Rushing (2001) defined three different rock types; depositional, 

petrographic, and hydraulic. Based on these three criteria, I define a brittleness index first based 

on depositional conditions, then on petrographic conditions, and finally combine these two 

indices with the rock stress profile to generate a hydraulic rock type- the Rock Quality Index 

(RQI).  
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Formation brittleness and the corresponding Rock Quality Index (RQI) are dependent on 

heterogeneity within the formation, due to such factors as hydrocarbon generation, porosity, 

laminations, and rock property changes. These factors, along with others, can be classified 

under two fundamental categories to accurately characterize heterogeneity. These two 

categories leading to intra-shale heterogeneity are compositional variation and fabric variation, 

as shown in Figure 3.1.  

 

Compositional variation is closely tied to petrographic conditions. Petrographic factors 

include (1) clay volume, (2) TOC (kerogen), and (3) mineralogy. Clay volume is dependent on 

the stratigraphic position of the reservoir, the abundance of authigenic clay minerals, and the 

degree of weathering. As minerals weather, illite, kaolinite, chlorite, and several expandable 

clays are formed. The volume of these different clay components will have an affect on overall 

formation brittleness. Finally, the abundance of minerals such as quartz and calcite will affect 

brittleness. Calcite and quartz are considered ñbrittleò minerals, meaning that they are more 

likely to break easily under increased stress. These petrographic factors will be further 

examined in Section 3.1.  

 

Rock fabric variability is closely tied to depositional conditions, which are highly 

dependent on geological architecture, stratigraphic position, and sedimentary structures 

(Newsham and Rushing 2001). The depositional conditions which will be focused on in this 

thesis are (1) laminations and (2) natural fractures. Laminations are created as layers of clay, 

silt, and mud are deposited in quiet deepwater conditions. Natural fractures can be created as 

hydrocarbon generation causes overpressure sufficient to fracture the reservoir and allow for 

hydrocarbon movement through microfractures (Williams 2012). Fractures can also be created 

syn and post-depositionally with tectonism and deformation. These factors will be further 

explained in Section 3.2. 

3.1 Compositional Variation - Petrographic Factors  

 Clays are a major constituent of mudrocks; the most common types being illite, kaolinite, 

chlorite, and expandable clays (Sondhi 2011). Other main constituents include siliceous 

minerals such as quartz, calcite, pyrite, and feldspars. A higher proportion of siliceous minerals 

correlate to higher values of Youngôs Modulus and therefore a relatively brittle rock unit (Ross et 

al 2009). Higher proportions of clays are believed to reduce the brittleness of the rock (Ross et 

al 2009).  
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Figure 3.1- Shale heterogeneity divided into two main categories of composition and texture. 

Changes in the abundance of clay volume, kerogen volume, and mineralogy will affect the rock 

properties of the formation, as will the abundance of laminations, other sedimentary structures, 

and natural fractures. 

            An example is found in the Appalachian Basin, where in the Marcellus Shale, it is noted 

that increased amounts of quartz, as well as reduced clay content, results in increased 

brittleness in the formation. Intra-shale changes in mineralogy occur with changes in 

stratigraphic position. Further to the initial mineralogical conditions of the reservoir, changes will 

occur with the introduction of external forces and fluids into the formation. The higher proportion 

of calcite in the formation, the larger the decrease in Youngôs Modulus with exposure to 

fracturing fluid, due to precipitation of minerals with the fluid (Akrad et al 2011). 

 

           There is a relationship between the volume of quartz in the formation and the fabric-

based heterogeneity of the reservoir; further outlined in section 3.2. The presence of quartz silt 




































































































































































