
The Pennsylvania State University 

The Graduate School 

College of Earth and Mineral Sciences 

 

CHANNEL INCISION AND ACCOMODATION: PREDICTING 

COMPARTMENTALIZATION IN A TURBIDITE CHANNEL-LEVEE 

RESERVOIR 

 

 

A Thesis in 

Geosciences  

by 

Chekwube I. Enunwa 

 

© 2006 Chekwube I. Enunwa 

 

Submitted in Partial Fulfillment  
of the Requirements 

for the Degree of 
 

Master of Science 

 

May 2006 



 

 

 

 

 

 

 

I grant The Pennsylvania State University the non-exclusive right to use this work for the 
University’s own purposes and to make single copies of the work available to the public 
on a not-for-profit basis if copies are not otherwise available. 
 
 
 
 
 
      
                                                                                                             Chekwube I. Enunwa 
 

 

 

 

 

 

 

 

 

 

 



 

We approve the thesis of Chekwube I. Enunwa. 

 

 

Date of Signature 

 

 

              
Peter B. Flemings 
Professor of Geosciences 
Thesis Advisor 
 
 
 
 
      
Mark E. Patzkowsky 
Associate Professor of Geosciences 
 
 
 
     
Turgay Ertekin 
Professor and George E. Timble Chair in Earth and Mineral Sciences 
Chair of Petroleum and Natural Gas Engineering 
 
 
 
      
Katherine H. Freeman 
Professor of Geosciences 
Associate Head for Graduate Programs and Research 
 

 

 

 



 

 

 

 

The thesis of Chekwube I. Enunwa was reviewed and approved* by the following: 

 

Peter B. Flemings 
Associate Professor of Geosciences 
Thesis Advisor 
 

Mark E. Patzkowsky 
Associate Professor of Geosciences 
 
 
Turgay Ertekin 
Professor and George E. Timble Chair in Earth and Mineral Sciences 
Head of the Department of Petroleum and Natural Gas Engineering 
 

Katherine H. Freeman 
Professor of Geosciences 
Associate Head for Graduate Programs and Research 
 
 

 

 

*Signatures are on file in the Graduate School. 

 

 

 

 



 iii

 

ABSTRACT 

Marked changes are observed in the morphology and thickness of the Einstein 

channel-levee system from northwest to southeast through the study area. These changes 

result from differences in the accommodation space created on the hanging-wall vs. 

footwall side of a regional growth fault. Varying accommodation space across the fault 

caused the channel to undergo base-level and equilibrium profile adjustments. These 

adjustments were manifested as greater erosion of the footwall block as turbidity currents 

eroded the channel. Less channel incision occurred in the hanging-wall block due to 

greater accommodation space resulting from fault-controlled subsidence. An inverse 

relationship is also observed between the depth of channel incision and levee thickness 

such that where channel incision is great, the levees are thin and vice versa. 

 In the deeper reservoir, the M4.1, a stratigraphic model is constructed using 

Einstein as a shallow analogue. Well log and seismic data are integrated in the model to 

demonstrate the stratigraphic architecture of the reservoir including differences in depth 

of channel incision and stratigraphic pinch-out of the reservoir sands. These two 

characteristics of the M4.1 are interpreted as the main causes of compartmentalization in 

the reservoir. Differences in pre-production and post-production pressure profiles, as well 

as varying fluid contacts in the reservoir confirm restrictions to fluid flow in the 

reservoir.  
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Chapter 1: Preface 

This thesis is composed of three chapters and one appendix. This chapter 

summarizes the contents of the thesis.  

 

Chapter 2: Characterization of Einstein channel-levee system, northeastern Gulf of 

Mexico: Relationship between channel incision, accommodation and faulting 

A 3D seismic dataset from the Viosca Knoll and DeSoto Canyon areas of the Gulf 

of Mexico is analyzed to expound on previous studies of a mid-Pleistocene channel-levee 

system termed Einstein. The morphology, seismic facies, sediment accumulation and 

variation of channel incision in the system are described. A depositional model 

describing the evolution of the Einstein channel-levee system is also presented. 

Marked changes observed in the morphology and thickness of the Einstein 

channel-levee system result from differences in accommodation space created on the 

downdropped vs. upthrown side of a regional growth fault. These differences in 

accommodation space caused the channel to undergo base-level and equilibrium profile 

adjustments, which were manifested as greater erosion of the upthrown side as turbidity 

currents eroded the channel. Less channel incision occurred in the downdropped side as a 

result of greater accommodation resulting from fault-controlled subsidence. An inverse 

relationship is also observed between the depth of channel incision and levee thickness 

such that where channel incision is great, the levees are thin and vice versa. 

This study contributes to current knowledge about the Einstein channel-levee 

system by analyzing changes in depth of channel incision and the effects of changes in 
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accommodation in the system. A detailed depositional model for the evolution of the 

Einstein is also presented. 

 

Chapter 3: Stratigraphic architecture of the M4.1 reservoir, Tahoe Field, 

northeastern Gulf of Mexico. 

 3D seismic data, well log, core and pressure data are integrated in the study of a 

late-Miocene turbidite channel-levee reservoir in the Tahoe field, Gulf of Mexico, termed 

the M4.1. A detailed stratigraphic model is constructed for the M4.1, using Einstein 

channel-levee system as a shallow analogue. This model integrates observations from 

Einstein with results of seismic and well log analysis from the M4.1, to describe the 

stratigraphic architecture of the reservoir.  

The stratigraphic model demonstrates the differences in depth of channel incision, 

as well as stratigraphic pinch out of reservoir sands. These two characteristics of the 

reservoir cause it to be divided into at least three compartments. Compartmentalization of 

the M4.1 is confirmed by varying pressure profiles and fluid contacts in the east and west 

levees.  

This study adds to current knowledge about the M4.1 channel-levee system by 

providing a stratigraphic model for the reservoir and detailed discussions about the causes 

of compartmentalization in the reservoir. I also present detailed lithologic analyses for the 

reservoir. The stratigraphic model presented in this study may be used to predict regions 

in turbidite channel-levee reservoirs where restrictions to fluid flow may occur. The 

ability to better predict reservoir compartmentalization will lead to more efficient well 

planning, hence optimized hydrocarbon recovery and higher economic returns.  
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Appendix  

 This is a paper titled “Tahoe Field Case Study- Understanding Reservoir 

Compartmentalization in a Channel-Levee System”.  It is a corroborative effort by the 

Petroleum Geosystems Initiative Team 3, of which I am a part. The paper describes the 

compartmentalization of the M4.1 reservoir in the Tahoe field using geological, 

geophysical and engineering data. It is currently in press, and will be published in the 

Gulf Coast Geological Societies Transactions, volume 55, 2005. The Petroleum 

Geosystems Initiative Team 3 was advised for this project by Peter Flemings, Turgay 

Ertekin and Zuleima Karpyn. 
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Chapter 2: Characterization of Einstein channel-levee system, northeastern Gulf of 

Mexico: Relationship between channel incision, accommodation and faulting 

 
 
 
 
 
Abstract 
 
 Marked changes are observed in the morphology and thickness of the Einstein 

channel-levee system from northwest to southeast through the study area. These changes 

result from differences in the accommodation space created on the downdropped vs. 

upthrown side of a regional growth fault. Varying accommodation space across the fault 

caused the channel to undergo base-level and equilibrium profile adjustments. These 

adjustments were manifested as greater erosion of the upthrown side as turbidity currents 

eroded the channel. Less channel incision occurred in the downdropped side due to 

greater accommodation resulting from fault-controlled subsidence. An inverse 

relationship is also observed between the depth of channel incision and levee thickness 

such that where channel incision is great, the levees are thin and vice versa. 
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2.1. Introduction 

 3D seismic images of near-seafloor erosional and depositional systems have been 

studied in order to advance understanding of the geomorphology, stratigraphic 

architecture, depositional processes and  seismic facies of these systems (Brami et al., 

2000; Posamentier and Kolla, 2003; Deptuck et al., 2003).  In particular, turbidite 

channel-levee systems from various parts of the world have been characterized (Mayall 

and Stewart, 2000; Fonnesu, 2003; Posamentier, 2003).  

 Channels are elongate negative relief features produced and/or maintained by 

turbidity current flow (Mutti and Normark, 1991). Modern channels can either be 

erosional or depositional, or can result from a combination of both processes (Normark, 

1970b).  Levees are regions along the margins of a channel where overbank deposition 

has constructed positive relief (Mutti and Normark, 1991). 

 Previous workers documented the response of turbidite channels to tectonic 

controls, changes in accommodation and base-level. Carter (1988) stated that differential 

incision of a channel is related to base-level. Pirmez et al. (2000) described the response 

of two channels to tectonic deformation that resulted in disruption of channel equilibrium 

profiles. Using 3D seismic data, Adeogba et al. (2005) discussed the effect of 

synsedimentary extensional faulting and shale diapirism on turbidite channel incision and 

accommodation space.   

 In this study, I analyze 3D seismic data in order to expound on previous studies of 

a mid-Pleistocene turbidite channel-levee system, termed Einstein. I describe the varying 

morphology, identified seismic facies and nature of channel incision in the Einstein, and 
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relate these to accommodation space created by faulting. I also present a depositional 

model describing the evolution of the Einstein channel-levee system. 

 

2.2. The Einstein channel-levee system 

The Einstein channel-levee system lies within 1,000 feet of the sea floor in the 

Viosca Knoll and DeSoto canyon areas in the Gulf of Mexico and extends from a paleo-

shelf edge delta to an erosional truncation approximately 40 miles downdip (Hackbarth 

and Shew, 1994). It is located approximately 135 miles east-southeast of New Orleans 

(Figure 1). The study area covers about 16 blocks and the main structural features are two 

faults: a regional fault downdropped to the northeast (Fault A) and a smaller fault 

downdropped to the southwest (Fault B) (Figure 2). 

 

2.2.1. Previous work 

Hackbarth and Shew (1994) used seismic, well log and core data to describe the 

seismic facies in the Einstein and the corresponding lithologies. They attributed the 

initiation of the Einstein to a slumping event and compared it with Miocene-age deposits 

in the same region. They observed that like the older deposits, the Einstein has thicker 

levees and higher net-to-gross sand ratios closer to the channel. They also observed that 

the Einstein had significantly less sand than Miocene leveed channel deposits in the same 

vicinity. Shew et al. (1994) presented a brief discussion of the lithology of the Einstein 

and suggested that there may be poor connectivity between the channel and the levees. 

They also inferred that laterally extensive beds are present in the system. Shew et al. 

(1995) also briefly discussed the lithology of the Einstein, and suggested that beds in the 
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system are laterally extensive. They also compared the Einstein channel-levee system to 

deeper reservoirs in the same vicinity. Similarities observed include the presence of sand-

rich intervals at the base of the levees, as well as fining upward of levee deposits. 

 

2.2.2. Seismic Facies and Lithology  

The data set used for this research is a 3D seismic data set with bin spacing of 

25m (82ft) and dominant frequency of approximately 17Hz. I mapped five horizons: 

Horizons A, B, C, Einstein Base and Einstein Top (Figures 3a, 3b, 4a, 4b). Horizons B & 

C underlie the Einstein channel-levee system and are regionally extensive (Figure 3b, 

4b). The Einstein Base is the lower boundary of the Einstein channel-levee system. At the 

channel axis, the Einstein Base is a u-shaped depression mapped by the abrupt 

termination of underlying reflectors into the near vertical walls of the channel (Figures 

3b, 3c, 4b, 4c). Away from the channel axis, it is generally planar. Overlying reflectors 

downlap onto this surface (e.g. Figures 3b, 3c).  These overlying, downlapping, strata 

record deposition of the levees. Horizon A is the same as the Einstein base away from the 

channel axis. However at the channel axis, this surface was projected across the channel 

(Figures 3b, 4b). Thus Horizon A represents an estimate of the pre-existing submarine 

topography immediately prior to deposition of the Einstein channel-levee system. The 

Einstein Top separates underlying reflectors that downlap the Einstein Base surface from 

overlying strata that drape this sediment package. It is interpreted to record the top of the 

Einstein channel-levee system. 

The Einstein channel is initially erosional, as inferred from the truncation of 

seismic reflectors at the channel margin in the seismic data (Figures 3b, 4b).  



Figure 1.  Figure 1.  Location map of the Einstein channel-levee system. The region of Einstein 

under study is located approximately 135 miles east-southeast of New Orleans at water 

depths ranging from 1,200 to 1,600 feet. Water depth is plotted on this map.
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Figure 3. Figure 3. a) Uninterpreted type seismic cross-section AA’ located on Figure 2. b) 

Interpreted and flattened seismic cross-section shown in a), depicting the various horizons 

mapped. This cross-section is flattened on Horizon A. c) Line drawing of AA’ showing 

seismic facies identified and interpretations.
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I interpret that the truncation of seismic reflectors is evidence of erosion as 

turbidity currents incised previously deposited strata and cut the channel. Posamentier 

and Kolla (2003) state that most leveed channels are characterized by incision into the 

underlying substrate. Deptuck et al. (2003) also observed incision of the erosional 

fairway offshore West Africa and suggested that gravity flows were most erosive during 

the earliest history of the system.  

The Einstein overlies a slightly older channel, the Fuji. This is inferred from the 

seismic data because the Einstein base horizon overlies downlapping strata that are 

interpreted to be part of the Fuji levee system (Figures 3b, 3c).  

Five seismic facies were identified within the Einstein channel-levee system: 

Facies A, B, C, D and E (Figures 3c, 4c).  Facies A represents high amplitude seismic 

reflectors within the channel that have little lateral continuity. Overlying this facies are 

moderate amplitude reflectors, represented by Facies B. Facies C is comprised of low 

amplitude reflectors with high lateral continuity that comprise the wedge-shaped flanks 

of the channel. Facies D represents high amplitude seismic reflectors which are present at 

the base of parts of the west levee, while transparent to chaotic seismic reflectors, 

observed at the channel margin in some regions of the study area are represented by 

Facies E. 

Hackbarth and Shew (1994) used well log and core data to interpret the 

lithologies represented by the identified seismic facies. Facies A observed at the base of 

the channel is composed of pebbly, clayey sand, overlain by silty clay, pebbly sandy mud 

and silty sand. Other workers have also suggested that high amplitude reflection character 

at the base of erosional channels indicates the presence of sand (Posamentier, 2003; 
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Deptuck et. al., 2003; Posamentier and Kolla, 2003).  They found that overlying Facies B 

is made up of silty clay with very thin partings of silt and interpreted that it is likely due 

to deposition from waning turbidity currents. Weimer (1991) noted that channels of the 

Mississippi Fan are generally characterized by high-amplitude reflections, overlain by 

low-amplitude reflections. He interpreted the high-amplitude reflections to be coarse-

grained channel-fill sediments, and the low-amplitude reflections to be late channel-fill, 

fine-grained sediments. 

Hackbarth and Shew (1994) found that Facies C which comprises most of the 

levees consists of silty clay and mud with thin interbeds of silt and sand. Posamentier and 

Kolla (2003) observed a nearly reflection free seismic facies in 3D seismic data from the 

Gulf of Mexico, which they interpreted as mud-rich levee facies. Babonneau et al. (2002) 

also recognized levee facies characterized by wedge-shaped reflections in the Zaire deep 

sea fan.  

Hackbarth and Shew (1994) found that Facies D is sand-rich with some disrupted 

turbidite muds, and is confined to the base of the sand-rich west levee. They interpreted 

that Facies E is likely to be slumped levee material due to the chaotic seismic signature 

and distribution of this facies and stated that the entire system is overlain by fossil-rich 

hemipelagic and pelagic clays.  
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2.2.3. Regional Variations in Einstein Geometry 

The Einstein turbidite leveed channel was deposited by a system that flowed 

south-southeast (Figure 5). Fault A intersects the channel, while the tip of Fault B just 

connects with the channel margin in the southern part of Block 783. The Einstein channel 

has an average width and length of 0.8 miles and 11 miles respectively in the study area. 

It is flanked by levees. The western levee is about 2.5 miles wide and it interfingers with 

the eastern levee of the Fuji channel-levee system to the northwest. The eastern levee is 

about 6 miles wide in the survey area and extends beyond the boundaries of the available 

seismic data. In cross-sectional view, the levees of the Einstein channel-levee system 

show thickening toward the crest; thinning occurs laterally away from the channel (see 

example in Figure 4b). This ‘gull-wing’ geometry has been observed in some other 

channel-levee systems in the deep water Gulf of Mexico. The channel and levees are 

vertically offset from each other (Figures 3b, 4b).  

A map that illustrates the amount of incision that occurred due to the Einstein 

channel-levee system was made by subtracting Horizon A from the Einstein Base 

Horizon (Figure 6). There is an abrupt increase in the depth of channel incision just south 

of Fault A and less incision occurs both to the north of this fault and further south to the 

edge of the study area.  

The thickness of the Einstein channel-levee system is illustrated with an isopach 

map (Figure 7). The thickest deposits occur to the northeast and northwest of Fault A, 

within blocks 738, 739, 740, 782 and 783. Abrupt thinning occurs across both faults (on 

the upthrown side), as well as further east of the study area within blocks 741 and 785. 

Sediment thickening is generally observed within the channel, with thinning occurring 
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laterally away from the channel to the distal flanks of the levees. Channel thickness 

ranges from approximately 875ft in the northwest portion of the survey area to about 

300ft further south. The levee thicknesses range from approximately 750ft close to the 

channel margin in the northwest part of the survey area, to about 27ft at the distal levee 

flanks. In the west-northeast direction where the thickest deposits occur, sediment 

thickness is observed to reach a maximum within the channel (approximately in the 

center of Block 739) and gradual thinning occurs to the edges of the study area. 

The significant thickening to the north-northeast in the isopach map (Figure 7) is 

due to Fault A, which is interpreted to be a growth fault. This interpretation is based on 

the increase in throw with depth and thickening of correlative section that occurs from the 

upthrown side to the downdropped side across this fault.  

The significant thickening to the northwest (Figure 7) is due to juxtaposition of 

the west levee of the Einstein channel-levee system with the east levee of the Fuji 

channel-levee system. The Einstein west levee interfingers with the Fuji east levee which 

is adjacent to it (see example in Figures 3b, 3c). Therefore, it was not possible to map the 

Einstein levee separate from the Fuji levee in this part of the study area. This 

juxtaposition results in the thickening to the northwest of Fault A (mainly within Block 

782). Therefore the observed thickening in this region does not result from deposition of 

the Einstein channel-levee system alone.   

The general trend observed in the isopach map is one of thickening of sediment 

deposition on the downdropped sides of both Faults A and B, with thinning occurring 

across both faults on the upthrown side. Thickening within the downdropped side results 

from greater accommodation space due to fault-controlled subsidence. 
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Variation in thickness of the Einstein and gradual change in morphology from 

northwest to southeast through the system are demonstrated in cross-sectional view of the 

seismic data (Figure 8). In the northwest region, the channel has a thick sediment fill and 

thick levees (Figure 8a). The levee deposits are thickest at the crest and thin laterally 

away from the channel. Where the channel is dissected by Fault A, there is maximum 

incision and the levees are much thinner than in the north region of the Einstein (Figure 

8b). Further downdip, the channel is still deeply incised, the levees are significantly 

thinner and part of the east levee has been eroded (Figures 8c, 8d).  

These cross-sections, (Figure 8), demonstrate the inverse relationship between 

accommodation and depth of channel incision within the Einstein channel-levee system. 

Where there is great accommodation (on the downdropped side of Fault A), channel 

incision is less and the levees are thick (Figure 8a). In this part of the study area, less 

channel incision resulted in more frequent overbanking of flows from within the channel, 

thus thick levees were built up. Where accommodation is less (on the upthrown side of 

Fault A), channel incision is greater and the levees are thin (Figures 8b, 8c, 8d).  In this 

region, due to greater incision, turbidity currents were confined within the channel, thus 

overbank deposition was less frequent resulting in thinner levees. Deptuck et al. (2003) 

also observed this correlation in offshore West Africa. 

Another observation is that in the northern part of the study area (example in 

Figure 8a), the channel was filled up to the levee crests. This means that as the levees 

built up vertically, coarser-grained deposits from turbidity currents flowing through the 

system were able to fill up the accommodation space created between the levees. Hence 

the Einstein Top has a convex shape in this region. However, in the southern part of the 
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study area (example in Figure 8d), the channel-fill deposits never filled all the 

accommodation space created as the levees built up. Hence the Einstein Top in this 

region has a concave shape. 

 

2.3. Accommodation and the Einstein channel-levee system 

Isopach maps of two sediment packages that precede the Einstein were made in 

order to observe how accommodation changed with time in the study area (Figures 9, 10). 

An isopach map made by subtracting Horizon A from Horizon B shows that the thickest 

sediments within this interval occur on the downdropped side of Fault A (Figure 9). The 

deposition rate is less within the upthrown side of both Faults A and B, with the least 

deposition occurring at the southern edge of the study area. A southwest-northeast 

seismic line, AA’, shows a thicker sediment package on the downdropped side of Fault A 

(Figure 3b). The observed thickening means that the fault was extending during 

deposition of the sediment package between Horizons A and B. This sediment package 

shows thickening of correlative section across Fault A throughout the interval.  

An isopach map made by subtracting Horizon B from Horizon C shows that the 

thickest sediments within this interval occurs on the downdropped side of Fault A, but 

only to the southeast, within blocks 784 and 785 (Figure 10). This thickening is unrelated 

to Fault A, and there was no fault growth during the deposition of this sediment package. 

This interpretation is based on the absence of thickening of correlative section from the 

upthrown side to the downdropped side within this interval except within blocks 784 and 

785.   
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I interpret that Fault A began to extend synchronously with deposition sometime 

after Horizon B was deposited. This fault growth continued at least until when the 

Einstein channel-levee system was deposited. This interpretation of synchronous 

extension of Fault A and deposition of the Einstein channel-levee system is supported by 

the thickening of the Einstein package that is observed on the downdropped side of Fault 

A (Figure 7). Synsedimentary extension of Fault A in the system resulted in greater 

accommodation on the downdropped side of the fault (due to subsidence), thus aiding in 

the deposition of a thicker sediment package on this side (within the Einstein) than across 

the fault on the upthrown side. 

 

2.4. Discussion 

Variation in depth of channel incision in the Einstein channel-levee system 

resulted from greater erosion of the upthrown side of Fault A as turbidity currents eroded 

the channel. Greater erosion of the upthrown side occurred due to base-level adjustments 

of the new channel in response to synsedimentary extensional faulting as it sought to 

establish equilibrium profile. There was less erosion on the downdropped side due to 

subsidence controlled by faulting. 

 Pirmez et al. (2000) described the tendency of turbidite channels to develop an 

equilibrium profile, .i.e., one with a local slope such that there is minimum aggradation or 

degradation in the system. They suggested that turbidite channels adjust to a base-level 

and agreed with Carter (1988) who stated that base-level in the submarine environment is 

generally the level of the abyssal plains. They also discussed how various parameters 

such as rates of tectonic deformation and sediment flux can result in equilibrium 
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disruption. These channels often undergo equilibrium re-establishment which is 

manifested in various ways, examples of which are channel avulsion, thalweg 

downcutting and faulting.  

This trend of greater erosion of uplifted strata in the footwall, compared to the 

downdropped of normal fault zones has been observed elsewhere (Jackson et al., 2005), 

and simulated by modeling (Hardy and Gawthorpe, 2002). Adeogba et al. (2005) also 

observed an increase in depth of erosion immediately adjacent to the fault plane on the 

upthrown side of their study area in the western Niger Delta slope. They attributed the 

observed channel incision to the effect of a lowered base-level in response to 

synsedimentary extensional faulting, resulting in incision of the upthrown side and 

deposition on the downdropped side.  

 

2.4.1. Depositional Model 

A plot of two-way travel time (to the base of the channel and to Horizon A) 

versus distance along the channel shows the amount of erosion that took place prior to 

deposition of the Einstein channel-levee system (Figure 11). It shows that channel 

erosion removed significantly greater thickness of sediments from the upthrown side of 

Fault A than from the downdropped side. 

Two model cross-sections of the Einstein that transect the channel profile shown 

in Figure 11, as well one model cross-section along the channel profile are presented to 

describe the depositional processes that resulted in deposition of the Einstein channel-

levee system.  
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Type 1 demonstrates the Einstein geometry in the northwest region of the study 

area (Figure 12a). In this portion of the system, channel incision was not very great, and 

the system built up thick levees. The shallow depth of channel incision in this region 

permitted turbidity currents flowing through the system to frequently flow out from 

within the channel. These overbank flows deposited their sediment load as they flowed 

laterally away from the channel, and built up thick levees. To the southeast, channel 

incision was significantly greater and the levees, significantly thinner (Figure 12b). In 

this part of the study area, the depth of channel incision was great enough to confine 

turbidity currents within the channel. Therefore, overbank deposition was less frequent 

and thinner levees were deposited. These two models demonstrate the inverse 

relationship between depth of channel erosion and levee thickness that is observed 

throughout the Einstein channel-levee system. In cross-sectional view (Figure 12c), there 

is a thick sediment package between Einstein Base and Horizon B in the downdropped 

side of Fault A. However, on the upthrown side, the sediment package between these two 

horizons is almost completely eroded by the channel. This is the result of base-level 

adjustments of the channel due to synsedimentary faulting.  
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I constructed a two-dimensional depositional model to demonstrate my 

interpretation of how the Einstein channel-levee system evolved (Figure 13a, 13b). 

During stage 1, I interpret that Fault A was static while the sediment package between 

Horizons B and C was deposited, thus accounting for the absence of thickening of 

correlative section from the upthrown side to the downdropped side within this interval. 

During Stage 2, synchronous fault growth and deposition began to occur after Horizon B 

was deposited, resulting in the thickening of correlative section that occurred from the 

upthrown  side of Fault A to the downdropped side between Horizons A and B (Figure 9, 

13a, 13b). During Stage 3, turbidity currents began to erode the channel as Fault A 

continued to extend in the system. The channel sought to maintain an equilibrium profile, 

while adjusting to the base-level changes resulting from the offset across the fault.  This 

process of equilibrium adjustment resulted in greater erosion of the upthrown side of the 

fault as the turbidity currents flowed from northwest to southeast through the system. As 

the energy of the turbidity currents waned, erosion ceased and sediment deposition began 

to occur from the turbidity currents. Fault A continued to move and greater 

accommodation space resulted in a thicker sediment package on the downdropped side of 

Fault A than across the fault on the upthrown side. Coarser grained materials were 

deposited in the channel, while overbanking of fines built up levees (Figures 13a, 13b). 

The channel and levees continued to build up until the system was abandoned. 
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2.5. Conclusion  

 The Einstein channel-levee system shows marked changes in morphology and 

thickness as we move from northwest to southeast through the system. These changes 

result from a combination of processes involving variations in the degree of channel 

incision and accommodation related to synsedimentary extensional faulting.  

 Prior to the deposition of the Einstein channel-levee system, synsedimentary 

extensional faulting was occurring in the study area. As turbidity currents began to erode 

the channel synchronously with extensional faulting, the evolving system experienced 

base-level changes and profile adjustments. The interaction of these processes resulted in 

greater erosion of the upthrown side of Fault A. Due to greater accommodation space on 

the downdropped side of the fault, less channel incision occurred. A thicker sediment 

package was thus able to accumulate on the downdropped side of the fault.   

 A related result of the variation in accommodation is the inverse relationship 

between depth of channel incision and levee thickness in the Einstein channel-levee 

system.  Where there is greater accommodation and less channel incision, the levees are 

thick. However, where there is less accommodation and greater channel incision, the 

levees are thin. 
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Chapter 3: Stratigraphic architecture of the M4.1 reservoir, Tahoe field, 

northeastern Gulf of Mexico. 

 

 

Abstract 

 A detailed stratigraphic model of the M4.1 reservoir is constructed using well-

log and seismic data. This model demonstrates the architecture of the reservoir, including 

differences in depth of channel incision and lateral connectivity of sands in the system. 

Differential channel incision and stratigraphic pinch-out of the reservoir sands results in 

compartmentalization of the M4.1. This compartmentalization of the reservoir is 

demonstrated by differences in pre-production and post-production pressure profiles as 

well as varying fluid contacts in the system.  
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3.1. Introduction 
  
 Turbidite channels and channel-levee systems have been studied by previous 

workers in order to understand the morphology, seismic facies, stratigraphy, 

sedimentological, erosional and depositional characteristics of these systems (Brami et 

al., 2000; Mayall and Stewart, 2000; Pirmez et al., 2000; Deptuck et al., 2003; Fonnesu, 

2003; Kneller, 2003;  Posamentier, 2003; Adeogba et al., 2005). 

The M4.1 turbidite channel-levee system, the focus of this study, is located in the 

northern Gulf of Mexico. It has been studied in order to understand its properties, 

especially the producibility of its thin sand beds. White et al. (1992) used seismic, core, 

well log and production test data to present a detailed analysis of the M4.1 reservoir. 

They described the structure, lithology, hydrocarbon content, petrophysical properties 

and production test results of the reservoir.  Shew et al. (1994) presented a summary of 

sedimentological and depositional characteristics of the Tahoe field, as well as results of 

a well test carried out on the M4.1 reservoir. Shew et al. (1995) briefly discussed the 

lithology and results of the production test of the M4.1. Akkurt et al. (1997) described the 

characteristics of the reservoir fluids, as well as the capillary pressure models that were 

used to estimate hydrocarbon volumes of the M4.1. Kendrick (2000) presented detailed 

pressure analyses of the M4.1, and related the pressures in the M4.1 to fluid contacts and 

reservoir architecture. Enunwa et al (in press) utilized 3D seismic, well log, core and 

pressure data to describe the compartmentalization of the M4.1. 

 This study contributes to previous work by presenting a detailed 

stratigraphic model for the M4.1, using the Einstein channel-levee system as a shallow 

analogue. I integrate observations from Einstein with results of 3D seismic, core, well log 
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and pressure analyses from Tahoe in order to present a model for the 

compartmentalization of the M4.1. I also present detailed lithologic analysis of the 

reservoir. The stratigraphic model presented in this study may be used to predict regions 

in turbidite channel-levee reservoirs where restrictions to fluid flow may occur. The 

ability to better predict reservoir compartmentalization will lead to more efficient well 

planning, hence optimized hydrocarbon recovery and higher economic returns.  

Differences in depth of channel incision, as well as stratigraphic pinch-out of the 

reservoir sands are interpreted to be the main causes of compartmentalization in this 

reservoir. These two factors, together with faulting result in restricted fluid flow across 

channel margins in the reservoir and cause the reservoir to be divided into at least three 

compartments. 

 
 
3.2. The M4.1 channel-levee system 
 
 The M4.1 is an upper Miocene channel-levee system located mainly within block 

783 in the Tahoe field, Gulf of Mexico, 140 miles east-southeast of New Orleans (Figure 

14). The M4.1 reservoir is at a depth of approximately 10,000 feet below sea level.  

 

3.2.1. Geologic Description 

 The seismic data used for this research is a 3D seismic data set with bin spacing 

of 25m (82ft) and dominant frequency of approximately 17Hz. A depth-structure map to 

the top of the M4.1, (Figure 15), shows that the reservoir is an anticlinal dome. It is 

intersected at the crest of the structure by one regional growth fault, Fault A, and to the 

south-southwest by two smaller faults, B and C.  
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 Faults A and B here are the same faults that intersect the Einstein channel-levee system 

discussed in Chapter 2. This structure map was produced by mapping the M4.1 in time in 

the seismic data, calculating an average velocity of 6778ft/s from the seafloor to the M4.1 

interval and multiplying the time map by this average velocity to get an approximate 

depth map. Depths to top of the M4.1 at all well locations were then obtained from well 

log data. The differences between the depths to top of the M4.1 at each well location 

obtained from the well log data and those obtained from the approximate depth map were 

obtained. These “difference depth values” at each well location were then interpolated 

over the entire M4.1 interval, and added to the approximate depth-map to obtain the 

actual depth to top of the M4.1 map in Figure 2. The M4.1 which is mostly imaged as a 

single trough in the seismic data pinches out north of Fault A (Figure 16). To the 

southeast, it extends beyond mappable regions.  

There is good correlation between two-way travel time through the M4.1 interval 

and gross thickness at each well location (Figure 17a). On the basis of this correlation, an 

isopach map of the M4.1 interval was made to understand variations in thickness of the 

reservoir away from well control (Figure 17b). The thickest deposits occur in the south-

southwest portion of the reservoir, with thinning occurring to the flanks of the system 

(Figure 17b).  A region of thinning in a northwest-southeast direction that goes through 

block 783 is also observed. The thicker deposits within the M4.1 occur within the 

upthrown side of Fault A, with thinning occurring across the fault in the downdropped 

side.  

An amplitude extraction of the M4.1 (Figure 18) shows regions of high 

amplitudes concentrated in block 783 that are surrounded by lower amplitudes.  



Figure 16. Figure 16.  Type seismic cross-section located on Figure 15. Red represents negative values (trough), while blue repre-

sents positive values (peak). This cross-section shows the anticlinal nature of the M4.1. It also shows the M4.1 is generally 

imaged as a single trough. The M4.1 generally pinches to the north, but extends beyond mappable regions to the southeast 

of the field. The tvdss depth scale was estimated using the computed average velocity of 6778ft/s from the seafloor to the 

M4.1 and depth to top of the M4.1 at the closest well control along this seismic profile .
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map was made by mapping the top and base of the M4.1 interval and subtracting the two. The thickest 

deposits occur in the south-southwest part of the reservoir. A region of thinning through block 783 is 

outlined in white. Data from the wells outlined in green was not used in the correlation. The locations of 

seismic cross-sections II’ and LL‘, as well as well log cross-sections JJ’ and KK’ are indicated on this 

map. 



Figure 18 . Figure 18 . Amplitude extraction of the M4.1, overlain by depth to top of structure map . High ampli-

tudes indicate hydrocarbon bearing regions, while lower amplitudes represent either water-wet 

regions or stratigraphic pinch-out of the interval. A trend of low amplitudes representing an estimate 

of the channel location is outlined in white. 
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These high amplitudes conform to structural contours to the northwest of block 

783, as well as to the southwest and south-southeast of the same block. High amplitudes 

indicate the presence of hydrocarbon fluids, while lower amplitudes indicate water-wet 

regions or stratigraphic thinning of the interval. A region of lower amplitudes in a 

northwest-southeast direction that goes through block 783 is also observed. This region 

of lower amplitudes, together with Faults A and B bound higher amplitude regions. 

The region of thinning of the M4.1 (Figure 17b), coincides with the region of dim 

amplitudes (Figure 18). This correlation, together with incision of pre-existing strata that 

was observed in some parts of the seismic data (Figure 19) was used to estimate the 

location of the channel (Figure 18).  In other regions of the seismic data, no evidence of 

channel incision was observed in the seismic (Figure 20). The channel is flanked by 

levees. 

 

3.2.2. Sedimentology of the M4.1. 

Well log data shows that the reservoir is composed of two distinct lithofacies: A 

and B (Figure 21). Facies A has a serrated gamma ray log signature and is observed 

within the levees, while facies B has a blocky gamma ray signature and is observed 

within the channel (Figure 21, 22). The channel facies B is sandier than the levee facies 

A. Facies A is generally observed to be sandier towards the base, with shaliness 

increasing towards the top of the levees (Figure 21a). Pirmez et al. (2000) and Fonnesu 

(2003) also found that levee deposits in their study areas of the Amazon channel and 

offshore West Africa respectively showed upward decreases in grain size.  

 



Figure 19. Figure 19.  a) Unflattened seismic cross-section showing channel incision into 

underlying strata. b) This cross-section is the same as a), but it is flattened on 

the orange horizon which is planar along the levees but projected across the 

channel. This horizon is an estimate of  pre-existing topography before depo-

sition of the M4.1. The location of the cross-section is indicated on Figure 17. 

The tvdss depth scale was estimated using the computed average velocity of 

6778ft/s from the seafloor to the M4.1 and depth to top of the M4.1 at the 

closest well control along this seismic profile .
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Figure  20. Figure  20.  a) Unflattened seismic cross-section thorugh the southeast portion of the reservoir. b) This 

cross-section is the same as a), but it is flattened on the base of the M4.1. This cross-section passes 

through the channel but there is no evidence of  channel incision into pre-existing strata in this part of 

the reservoir. The location of the cross-section is indicated on Figure 17. The tvdss depth scale was 

estimated using the computed average velocity of 6778ft/s from the seafloor to the M4.1 and depth to 

top of the M4.1 at the closest well control along this seismic profile .
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Figure 21. Figure 21. Gamma ray log, resistivity log, extracted seismic trace and core scan for 

a) well 783-4ST2 located in the west levee and  b) well 783-2 located in the north-

west part of the channel (no core scan available for the channel). The typical levee 

and channel facies are shown in these plots. The levee facies has a serrated gamma 

ray log signature and is composed of thin laminae of sand and silt. The core samples 

shown were obtained using sidewall core analysis. The channel facies has a blockier 

gamma ray signature and is inferred to be more sandy than the levee facies. Well 

783-4ST2 is the only well location where the M4.1 interval was observed to be thick 

enough such that the sand was imaged as two separate troughs in the seismic. 
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No core photos are available for the channel facies B. However, grain size data 

obtained using sidewall core analysis from well 783-2 which is located in the channel, 

shows that facies B has high proportions of medium and fine-grained sediments (Figure 

22, 23). 

Core data enabled further sub-division of the levee facies A into two sub-facies: 

thinly laminated to thinly bedded sand and shale (sub-facies C) and massive sand (sub-

facies D) (Figures 24, 25, 26). Conventional core data from wells 783-2ST1 and 783-3, 

and sidewall core data from well 783-4ST2 show subfacies C, which is composed of 

thinly laminated to thinly bedded layers of sand and shale (Figures 21a, 24, 25).  This 

sub-facies showed abundant ripple laminations and flaser bedding, as well as soft 

sediment deformation and bioturbation. These ripple laminations and flaser bedding 

indicate fluctuations in sediment supply or in the level of current activity and moderate 

flow velocities.  

Conventional core data from well 783-3 in the east levee shows sub-facies D, 

which is composed of massive thickly bedded sand and was observed towards the base of 

the M4.1 at this well location (Figure 26). This sub-facies is almost 100% sand and no 

distinct structures were observed in it.  

Grain size data from well 783-2ST1 located in the proximal levee shows lower 

percentages of medium and fine-grained sediments than well 783-2 (Figure 22, 23, 27). 

The M4.1 at this well location has a serrated gamma ray signature and net-to-gross sand 

ratios estimated from core photos range between 45-70% (Figure 27).  

Grain size data from well 783-3 located in the distal levee shows the lowest 

percentages of medium and fine-grained sediments compared to the channel and the 
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proximal levee (Figures 22, 23, 27, 28). The M4.1 at this well location also has a serrated 

gamma ray signature. Higher gamma counts from this well compared to well 783-2ST1 

also suggests that the M4.1 is shalier at this location (Figures 27, 28). Net-to-gross sand 

ratios estimated from core photos ranges between 30-85%. Higher net-to-gross estimates 

of approximately 85% were obtained for massive sands mostly located towards the base 

of the M4.1 in this well. 

Overall, average net to gross within the levees ranges between 45% and 60% 

(Figures 27, 28). Bed thickness within the levees was estimated from core photos and 

ranges between 0.2 inches and 12 inches, with an average of approximately 0.4 inches. 

Higher bed thickness values of approximately 5-12 inches were only obtained for the 

massive sand beds observed near the base of the M4.1 in well 783-3 (Figure 26).  

 

3.3. Stratigraphic architecture of the M4.1. 

 In order to carry out stratigraphic correlation between well locations, a marker 

shale that could be correlated across most of the wells was identified. Based on the 

assumption that the marker shale was deposited on a horizontal surface, the two cross-

sections JJ’ and KK’ were flattened on the base of the shale (Figures 29a, 31a). These 

cross-sections demonstrate my interpretation of the morphology of the M4.1 when the 

marker shale was deposited. Cross-section JJ’ shows the channel completely incised into 

the pre-existing strata, with no communication occurring between the channel and the 

levees. This cross-section goes through a region of the reservoir where channel incision 

was observed in the seismic data (Figure 29b). 
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Figure 24. Figure 24. Core obtained from within the M4.1 in well 783-2ST1. This core sample was obtained 

using conventional core analysis and reference is in measured depth. It shows sub-facies C which is 

laminated and composed of sand and shale. The location of this core is indicated in Figure 27.
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Laminated sand and shale. 
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bedded. Ripple laminations 
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vary from wavy to sharp.



Figure 25. Figure 25. Core obtained from within the M4.1 in well 783-3. This core sample was obtained using 

conventional core analysis and refernce is in measured depth. It shows sub-facies C which is  laminated 

and composed of sand and shale. The location of this core is shown in Figure 28.
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sediment deformation is 
observed. 
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Figure 26. Figure 26. Core obtained towards the base of the M4.1 in well 783-3.  This core sample was obtained 

using conventional core analysis and reference is in measured depth.  It shows sub-facies D which is 

composed of massive sand. The location of this core is shown in Figure 28.

CORE DESCRIPTION

Massive sandstone. No 
structures observed. 
Thickly bedded. This 
facies was observed at 
the base of well 783-3 
in the east levee.
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Figure 27. Figure 27. Well log and grain size data for well 783-2ST1 in the east levee. Grain size analysis shown here is from conventional core.  

Net-to-gross was estimated for 3 feet intervals of core from this well. The location of core shown in Figure 24 is also indicated.
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Figure 30. Figure 30.  Well log cross-section through JJ’ located on Figure 17. This cross-section is flattened on a datum that allows the same channel-levee relief 

as the well log correlation shown in Figure 29 to be maintained. This correlation represents my interpretation of the morphology of the M4.1 when it was 

initially deposited. The levees are interpreted to have been deposited on nearly flat-lying previously deposited strata.The channel is completely incised 

into pre-existing strata. There is no communication between the levees, and the channel and levees are  vertucally offset from each other.
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On the basis of this correlation, I made another cross-section through JJ’ to 

demonstrate my interpretation of the morphology of the M4.1 when it was deposited 

(Figure 30). This cross-section is flattened on a hypothetical datum that maintains the 

channel-levee relief interpreted for the time period when the marker shale was deposited. 

This correlation is based on the assumption that due to the compression effect of 

overburden deposition, the channel-levee relief at the time of M4.1 deposition would be 

at least equal to or greater than the relief at the time of deposition of the marker shale. 

The channel is completely incised into pre-existing strata and the levees are interpreted to 

have been deposited on a nearly horizontal surface. The levees and the channel are 

vertically offset from each other in this region of the reservoir. 

 When flattened on the base of the marker shale, cross-section KK’ shows the 

channel is only slightly incised into pre-existing strata (Figure 31a). In this section, there 

is communication between the levees across channel margins. Here, only the lower part 

of the East levee (between well 783-1ST1 and 783-3) is not in communication with the 

rest of the system. This cross-section goes through a region of the reservoir where no 

channel incision was observed in the seismic data (Figure 31b) 

 On the basis of this correlation, I made another cross-section through KK’ to 

demonstrate my interpretation of the morphology of the M4.1 in this part of the field 

when it was deposited (Figure 32). This cross-section is flattened in the same manner as 

cross section JJ’ (Figure 30). The channel is only slightly incised into pre-existing strata. 

I interpret that there is almost complete communication between the levees across 

channel margins, except for the lower part of the East levee. Depth of channel incision in 

this region of the M4.1 is interpreted to be relatively shallow.  



Figure 32. Figure 32.  Well log cross-section through KK’ located on Figure 17. This cross-section is flattened on a datum that allows the same channel-levee 

relief as the well log correlation shown in Figure 31 to be maintained. This correlation represents my interpretation of the morphology of the M4.1 

when it was initially deposited. The levees are interpreted to have been deposited on nearly flat-lying previously deposited strata. The channel is 

slightly incised into pre-existing strata. There is communication between the levees across the channel margins except for the lower part of the east 

levee which is completely sealed off from the rest of the system.
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These correlations are based on the interpretation that the levees are deposited on 

nearly flat-lying pre-existing strata and the channel shows varying depths of incision into 

the latter. The levee deposits are expected to exhibit downlapping relationships with the 

underlying strata outside of well control where they begin to pinch out. Downlap 

however was not observed in the seismic due to the thinly laminated nature of the levee 

deposits. 

 Pirmez et al. (2000), Babonneau et al. (2002), Alonso et al. (2003), Posamentier 

and Kolla (2003) and Samuel et al. (2003) all found that channel incision was generally 

greater in the updip portion of turbidite channels in their study areas than further 

downdip. They attributed the downdip reduction in depth of channel erosion to reasons 

such as decreasing channel gradients in the downstream direction, establishment of 

channel equilibrium profiles and the dynamic interaction of flows, sediments and terrain 

gradients. Many of these workers also recognized downlap of levee deposits onto 

underlying strata in their seismic data.  

 

3.4. Pressure data and fluid distribution 

 The stratigraphic model presented above explains pressure trends, as well as the 

distribution of fluids in the reservoir (Figures 33, 34, 35). A plot of true vertical sub-sea 

depth (TVDSS) versus pressure shows that pre-production gas and oil pressures 

measured at equivalent depths in the east and west levees differ by approximately 75 psi 

and 25 psi respectively (Figure 33). This implies that the reservoir is compartmentalized.  

 Repeat formation test (RFT) data obtained from well 827-A1 in the west levee 

after two years of production from well 783-4 in the same levee shows that depletion had 
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occurred throughout this levee (Figure 34). However, RFT data obtained from well 783-

A3 in the east levee during the same time period, showed that depletion had occurred 

only in the upper parts of the East levee and that the lower east levee was still at pre-

production pressure (Figure 35). The lower east levee that remained at pre-production 

pressures is estimated to be approximately 60ft thick (tvdss) (from a depth of 

approximately 10,050ft to the M4.1 base at 10,110ft). This interval correlates with the 

part of the east levee that was shown to be sealed off from the rest of the reservoir 

(Figures 31, 32). Oil and gas pressures were observed to have decreased in the west 

levee, while only gas pressures had decreased in the east levee (Figure 35). This implies 

that the levees are not in full communication. 

 A fluid distribution map (Figure 36) shows the different fluid contacts within the 

M4.1, as well as the presence of oil close to the crest of the structure. In the west levee, 

the 827-A1 well penetrated the oil-water contact (OWC) at 10,315ft after two years of 

production from well 783-4 in the same levee (Figure 34). This OWC is assumed to be 

the original OWC (Enunwa et. al., in press). The gas-oil contact (GOC) in this levee was 

determined to be at 10,250ft from extrapolation of pre-production gas pressures measured 

at wells 783-4 and 783-4ST2, and from post-production gas pressures measured at well 

827-A1 (Figure 33, 34).  

 The OWC in the east levee was placed at 10,410ft from bright amplitudes that 

parallel structural contours in the south-southeast part of the levee (Figure 18). The GOC 

in this levee was placed at 10, 050ft based on the assumption that pre-production gas 

pressures measured at well 783-1 are representative of gas pressures in the east levee 

(Figure 33).  Post-production gas pressures measured at well 783-A3 in the east levee 
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after two years of production from well 783-4 in the west levee also support the 

interpreted location of the GOC (Figure 35). This GOC is observed to be within the 

section of the lower east levee that is stratigraphically sealed off from the rest of the 

M4.1, thus contributing to the occurrence of different GOC’s and OWC’s in the east and 

west levees (Figures 32, 35).  

 The resistivity log from well 783-2ST1 shows the presence of oil that is higher on 

structure than oil in other parts of the east levee (Figure 27, 36). The OWC in this region 

of the levee was determined to be at 9,865ft (tvdss) as shown by the resistivity log 

(Figure 27). The GOC was placed at 9,800ft because the highest known oil (HKO) was 

found at the top of this well (Enunwa et. al., in press). The fluid distribution map (Figure 

36) shows that the northwest portion of the reservoir is believed to be mostly water-wet. 

 

3.5. Discussion 

3.5.1 Accommodation and the M4.1 channel-levee system 

 Using Einstein as an analogue, variation in thickness of the M4.1 interval, (Figure 

17b), can be directly linked to accommodation and depth of channel incision in the 

reservoir. In regions where the M4.1 interval is thicker (south-southwest part of the 

reservoir), I infer that accommodation is greater, compared to regions where the M4.1 is 

thinner. Variation in depth of channel incision in the reservoir results from the tendency 

of turbidite channels to achieve equilibrium profile such that there is minimal aggradation 

or degradation in the system. Pirmez et al. (2000) described this phenomenon and 

explained that channels undergo equilibrium re-adjustment in various ways including 

thalweg downcutting. 
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Seismic data and well log correlations show that the levees are thicker in regions 

where depth of channel incision is lower and vice versa (Figures 17b, 29, 30, 31, 32). 

Depth of channel incision is greater in the northwest part of the M4.1 than further south. 

Deptuck et al. (2003) also observed this inverse relationship between depth of incision of 

erosional fairways and levee thickness in their study areas.  

This interpretation is supported by evidence from the shallow analogue, Einstein. 

In regions where the channel is deeply incised into pre-existing strata, I interpret that 

turbidity flows passing through the channel would be mainly confined within the channel. 

Larger flows would be able to flow out of the confines of the channel and deposit their 

load on the levees but this would occur infrequently. Thus the levees flanking the channel 

in these regions would not be very thick. However, in regions where the depth of channel 

incision is not as great, turbidity flows would be able to flow out of the confines of the 

channel more frequently and deposit their load on the levees, thus building up thicker 

levees.  

I interpret the absence of sediment expansion in the downdropped side of Fault A 

within the M4.1 to mean that the fault was not growing synchronously with deposition of 

the channel-levee system (Figure 17b). The M4.1 must have been deposited before the 

faults cut through the system. Therefore, the interaction of fault-controlled subsidence 

and synchronous sediment influx that resulted in greater sediment thickness within the 

downdropped side of the Einstein channel-levee system compared to the upthrown side 

did not occur within the M4.1.  
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3.5.2 Proposed causes of restrictions to fluid flow in the reservoir 

 Differing pressure profiles (Figure 33), together with differing fluid contacts 

(Figure 36) indicate that the Tahoe channel-levee system is compartmentalized, and that 

there are restrictions to fluid flow across the channel margins. Enunwa et al. (in press) 

divided the M4.1 into three compartments: J, C and A (Figure 36). Compartment J is 

sealed off from the rest of the reservoir by Fault A and the channel, while compartments 

C and A are separated from each other by the channel.  They also proposed two models to 

explain the presence of oil high on structure in well 783-2ST1. I go a step further to 

explain why one of their proposed models is more likely, as well as to proffer my model 

for restricted communication between compartments A and C. 

 One of the models proffered by Enunwa et al. (in press) for the presence of oil in 

well 783-2ST1 is that oil and water became trapped in a localized structural low against 

the channel, as gas migrated into this region (Figure 37). I believe this model to be true 

because the seismic data and well-log correlations show that in this part of the reservoir, 

the channel is completely incised into pre-existing strata, and that there is no 

communication between the levees in this part of the reservoir (Figures 19, 29, 30). The 

incision of the channel, together with the overlying thick section of shale, effectively 

prevents any fluid flow across the channel margins. 

 I interpret that restricted fluid flow across channel margins between compartments 

A and C results from the pinching-out of the sands in the lower east levee in this region 

of the reservoir (Figures 31, 32). I interpret the hydrocarbon-bearing sands in this part of 

the M4.1 are not connected to the other parts of the reservoir. Therefore these sands were 

not drained as hydrocarbons were produced from well 783-4 in the west levee. 
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3.6. Conclusions 

A stratigraphic model of the M4.1 constructed using well-log and seismic data 

demonstrates the architecture of the reservoir, including differences in depth of channel 

incision and lateral connectivity of sands in the system. Differences in the depth of 

channel incision, resulting from base level and equilibrium profile adjustments in the 

system is proffered as one reason for compartmentalization in the M4.1. Restrictions to 

fluid flow also result from differences in lateral connectivity of sands in the system due to 

stratigraphic pinch-out. The stratigraphic model explains the differences in pressure 

profiles as well as varying fluid contacts within the M4.1. 
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Abstract

Normal faults and stratigraphic complexity within a channel-levee system form at least
three compartments in the Tahoe Field. Tahoe lies 140 miles east-southeast of New Orleans in
Viosca Knoll (VK) Blocks 783, 784 & 827 in water depths ranging from 1,200 ft to 1,600 ft. The
main reservoir, termed the M4.1, is a Late Miocene sand located approximately 10,000 ft below
sea-level. It was formed by turbidite flows that entered an unconfined slope setting and deposited
a NW-SE trending channel-levee system. This channel-levee system is draped over an anticlinal
dome and cut by normal faults. Faulting forms the updip trap in the M4.1 and plays an important
role in the compartmentalization of the reservoir. Two of the reservoir compartments are sepa-
rated by the levee channel which acts as a barrier to fluid flow across channel margins as
evidenced by multiple pre-production pressure profiles. Differential pressure depletion experi-
enced within the East and West Levees after two years of production implies that there is limited
fluid flow across channel margins during production. Channel-levee architecture along with fault-
ing plays a key role in the compartmentalization and trapping of hydrocarbons in the M4.1.

Introduction

This study incorporates geological, geophysical and engineering data to describe compartmental-
ization of the M4.1 reservoir in the Tahoe Field. Tahoe is located in the Gulf of Mexico (GOM) 140
miles southeast of New Orleans and was discovered in 1984. It was one of the first channel-levee sys-
tems to be produced in the deep-water GOM. Development began in January 1994 and as of March
2004, the M4.1 had produced 7.2 million stock tank barrels of oil (MMSTB) and 165 billion cubic feet
of gas (BCF). 

Previous work on the Tahoe Field described the M4.1 as a channel-levee system formed from tur-
bidite flows into an unconfined slope setting (Kendrick, 2000). Rapid pulses of sediment originated
from the northwest and flowed for many miles along ribbon-like channels to the southeast during the
Late Miocene (White et al., 1992). The sediments have been interpreted as levee and interchannel
deposits comprised of slightly consolidated, very fine grained and clay rich (Rollins et al., 1993). The
levees within this system can have high to moderate continuity of highly laminated sands and can be
very productive reservoirs (Shew et al., 1995). The laminations in the sand can range from sub-millime-
ter to several centimeters within a foot (Akkurt et al., 1997). Faults combined with the anticlinal dome
structure and poor connectivity across the channel has led to the compartmentalization of the reservoir
(Kendrick, 2000). 

A combination of faulting and complex channel-levee architecture has caused the M4.1 to be
divided into at least three compartments. This paper improves understanding of the Tahoe Field by
describing the nature of compartmentalization using seismic, well log and reservoir pressure data. 
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Geological Description

The M4.1 reservoir is located mainly in Block VK 783 at a depth of approximately 10,000 ft
below sea-level (Fig. 1). The M4.1 is an anticlinal dome bound by Fault A to the north and Fault B to
the southwest (Fig. 2). The sand is seismically imaged as a trough with the upper and lower zero-cross-
ing marking sand boundaries (Fig. 3). Large negative seismic amplitudes indicate hydrocarbon
accumulation, while weak amplitudes indicate water wet regions or stratigraphic pinchouts (Fig. 4).
Seismic amplitudes decrease to the east and to the west and this indicates stratigraphic thinning and pin-
chout. In contrast, to the northwest and southeast amplitudes can be tracked throughout the seismic data.
Large negative amplitudes parallel structural contours in these areas and are interpreted to record hydro-
carbon-water contacts. There is a region of weak amplitudes that trends NW-SE and runs through the
center of the reservoir (Fig. 4). This trend in conjunction with Faults A & B bound amplitudes and may
separate the reservoir into a western and eastern levee.

In most regions, the M4.1 interval is imaged as a single trough on the seismic data (Fig. 5A).
Well 783-4ST2, shows two separate troughs within the sand and is one example where the interval is
thick enough so that individual beds may be resolved (Fig. 5B). Two-way travel time thickness of the
sand at each well location was plotted against gross thickness as measured from well logs (Fig. 5C).
Based on the good correlation observed, a seismic travel time thickness map was made to better esti-
mate sand thicknesses away from well control (Fig. 6). Thinning of the M4.1 coincides with the region
of weak amplitudes (Fig. 4). This linear trend is thinner than its flanking regions (Fig. 6). We interpret
the linear feature to be the channel to a channel-levee system with its thicker flanks representing the
East and West Levees. The channel separates the M4.1 into at least two compartments south of Fault A. 

 Based on gamma ray logs and core analysis, two distinct lithofacies are observed within the
M4.1 reservoir: the channel facies and the levee facies. The channel facies is sand-rich and has a blocky
gamma ray log signature (Fig. 5A). This lithofacies is present in the 783-2 and 783-1 wells, which lie
along the low amplitude lineation that runs from the northwest to the southeast through the reservoir
(Fig. 4). The levee facies has a relatively sandy base that shales upwards (Fig. 5B). The gamma ray log
is serrated, which suggests that this facies is highly laminated and composed of interbedded sandstone
and shale layers. This lithofacies is present at all locations in the field outside of the channel and gen-
erally thins away from the channel. In seismic cross-section, the levees are thicker than the channel that
separates them (Fig. 7). This ‘gullwing’ geometry is typical of modern channel-levee systems that have
been observed in the deep-water Gulf of Mexico (Fonnesu, 2003). A lithostratigraphic cross-section
illustrates the possible geometry for this channel-levee system (Fig. 8). This cross-section was flattened

Figure 1. Tahoe is located 140
miles southeast of New Orleans
and lies in water depths ranging
from 1,200 to 1,600 feet.
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Figure 3. Seismic cross-section AA’ (Located in Figure 2). The M4.1 is the bright red event delin-
eated with the yellow line. Fault A compartmentalizes the M4.1 Red records negative amplitude
values.

Figure 2. Structure map of vertical
subsea depth (TVDSS) to the top of
the M4.1 sand. This shows an anti-
clinal dome and three normal
faults. This map was generated
using by mapping the upper zero-
crossing of the M4.1 sand and
matching the time-depth tie at each
well penetration. The data has
been processed such that the zero-
crossings represent impedance
boundaries, which is analogous to
minimum phase.
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on the base of the levee facies and illustrates that the channel facies has incised into the underlying
stratigraphy as observed in the seismic data. Away from well control, the deposit pinches as interpreted
from seismic data.

 The channel can be mapped from Block 738, through the main reservoir in 783, and on to the
southeast in Block 828 (Fig. 6). Its amplitude is generally less than the bounding levee facies and its
thickness (based on travel time) is also less (Fig. 4, 6). However, above 9,900 ft in the main reservoir,
amplitudes appear to connect across the channel from the bounding levee facies (Fig. 4). 

Fluid Distribution and Pressure

Pressure data from wells 783-1, 783-2ST1, 783-4 and 783-3 are presented as a function of true
vertical sub-sea depth (TVDSS) (Fig. 9A). The solid lines and dashed lines represent pre-production
pressures in the East and West Levees respectively. Pressure gradients indicate that pre-production gas
and oil measurements, at equivalent depths in the East and West Levees differ by approximately 75 psi.
and 25 psi. respectively (Fig. 9A). Using these data and our geologic interpretation, we divide the M4.1
into individual compartments (Fig. 10).

We interpret the oil-water contact (OWC) in the East Levee to be at 10,410 ft using the high
amplitudes paralleling structural contours. Assuming that pre-production gas pressures measured at the
783-1 well are representative of the gas pressures in the East Levee, the gas oil contact (GOC) is at
10,050 ft (Fig. 9A). In addition, measured pressures from the 783-A3 two years after production place
the GOC at 10,050 ft (Fig. 9B).

 In the West Levee, the 827-A1 well penetrated the OWC at 10,315 ft after two years of pro-
duction. We assume that this is the original OWC (Fig. 9B). Extrapolated gas pressures measured at
783-4 and post production data at 827-A1 were used to place the GOC in the West Levee at 10,250 ft.

Figure 4. Amplitude map of the M4.1
overlain by structural contours. Large
negative amplitudes genreally repre-
sent hydrocarbon bearing regions
while smaller amplitudes represent
either where the sand is thin or no
hydrocarbons are present. 
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(Fig. 9A). Between the levees, the GOC and the OWC differ by 200 ft and 95 ft respectively, which fur-
ther supports compartmentalization (Fig. 9A).

 After two years of production from 783-4 in the West Levee, repeat formation test (RFT) data
from the 827-A1 in the same levee shows depletion throughout this levee. However, RFT data from 783-
A3 in the East Levee after two years of production from 783-4 shows depletion only in the upper parts
of the East Levee. In the West Levee oil and gas pressures both decrease while in the East Levee only
the gas pressures decrease with production (Fig. 9B). This indicates that there is limited communication
across the channel during production.

Adding to the complexity is the 783-2ST1 well that contains oil high on structure (Fig. 11). In
this region, the OWC was placed at 9,865 ft based on the resistivity log. The GOC was placed at 9,800
ft, a slightly higher elevation than the top of the 783-2ST1 based solely on the premise that the highest
known oil (HKO) occurs at the top of this well. On the basis of these data, compartment boundaries and
the areal extent of hydrocarbons were delineated (Fig. 11).

Figure 5. Seismic and log response of the M4.1
at well locations. A) 783-2 and B) 783-4ST2.
The extracted seismograms were shifted up
43m`s at well 783-2 and 38ms at well 783-4ST2.
The synthetic seismograms were created by
convolving a zero-phase with an integrated
reflection coefficient series. 5C) Gross thickness
of the M4.1 vs. two-way travel time in seismic
data. Thicker sands correlate with greater
travel times.
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Figure 6. Isochron map of the M4.1 created by calculating the distance between upper and lower
zero-crossings (example 5A, B). Gross sand thickness is posted at each well penetration. Predicted
sand thicknesses are shown left of scale bar based on regression illustrated in Fig. 5C (solid line).

Discussion

The M4.1 channel-levee system has two distinct lithofacies: a sand-rich, blocky facies and a
highly laminated, serrated facies. These two lithofacies represent the channel and levee sands respec-
tively. Observed differences in sand quality, as well as channel incision observed in the seismic data
result in restricted fluid flow across channel margins. Differences in pre-production pressures and fluid
contacts indicate that the channel dissects the reservoir into two major compartments: East and West
Levee. These data show that the West Levee is at higher pressures than the East Levee. Fault A further
divides the East Levee into two compartments: J and C. Compartment J is gas bearing while compart-
ment C contains mainly gas with an oil rim. Compartment A, in the West Levee, is bound by Fault B to
the north and contains gas with an oil rim. 

Pre-production pressure data and different fluid contacts indicate that the East and West Levees
are separate compartments over geologic time. However, post-production pressure data shows differen-
tial pressure depletion in both levees, which implies restricted communication across channel margins
south of Fault B as the reservoir is produced. The partial communication across channel margins
inferred from the differential pressure depletion could be the result of the increased pressure gradient
created during production. Depletion was observed throughout the West Levee and occurred only in the
upper portions of the East Levee. This partial depletion in the East Levee could be due to the presence of
poorer quality sands in the lower portions of the levee, while sand quality in the West Levee is more
homogeneous resulting in depletion throughout (Fig. 9B). 
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Figure 7. Seismic cross-section flattened on the base of the M4.1 event (located in Fig. 2) showing
sand geometry through BB’. Low amplitudes and short travel times in the center are interpreted
to record the channel (Fig. 4, 6). Larger amplitudes and travel times that thin and decrease away
from the channel are interpreted to record the levees. This ‘gullwing’ signature is often seen in
leveed systems (Kendrick, 2000). 

Figure 8. Lithostratigraphic cross-section and seismic profile through CC’, located in Figure 2.
Both the gamma-ray section and seismic profile are flattened on the base of the M4.1. The figure
models the channel incision into underlying stratigraphy, as well as stratigraphic pinchout of the
deposit. There is restricted communication across channel margins in this part of the reservoir.
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Figure 9. A) Pre-production RFT pressures in the East and West levee show that the West Levee
has higher pressures than the East Levee. B) Post-production RFT pressures in the West Levee
show depletion throughout this levee and partial depletion only in the upper parts of the East
Levee. Pressure data and fluid samples indicate gas and oil pressure gradients of 0.1psi/ft and
0.37psi/ft respectively. Gamma-ray logs show consistent sand quality in the West Levee while in
the East Levee there is poorer quality sand in the lower regions.

Compartment C contains oil and water at a structural elevation that is higher than similar fluids in
the same compartment. We present two models to account for this observation. The first model assumes
that Fault B extends to Fault A, thus creating the fourth compartment P (Fig. 11). Hydrocarbons would
have charged compartment P from the west and become trapped up-dip by Faults A and B (Fig. 12A).
The second model assumes that oil and water became trapped in a localized structural low against a bar-
rier (the channel) as gas migrated into the region (Fig. 12B). Based on the data available, we believe the
second model to be more likely because seismic data shows the channel incised into underlying stratig-
raphy, thus inhibiting fluid communication across channel margins in the northwest region of
compartment C. 
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Figure 10. Structure map of the M4.1 showing the delineation of three separate compartments
within the M4.1; A, J & C. Compartments C & A represent the east and west levees respectively.
Compartment J is in the East Levee and sealed by Fault A.

Conclusion

Integration of geological, geophysical and engineering data has been utilized to describe com-
partmentalization in the M4.1 reservoir. The highly laminated nature of the levee sands results in
constraints on connectivity in the system. Differential pressure depletion in the levees indicates that
there is restricted communication across channel margins south of Fault B during production which
contradicts the pre-production interpretation that the channel is a barrier everywhere. Post-depositional
faulting and complex channel structure result in the compartmentalization of the M4.1 reservoir in the
Tahoe Field. 
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Figure 11. Fluid distributions in the M4.1 sand at Tahoe. Compartments A and C are mainly gas
bearing with oil rims while compartment J contains only gas. Compartment P created by the
extension of Fault B to Fault A represents Model 2 (Fig. 12A) Inset. Amplitude and structure map
with channel projection.
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Figure 12. Schematic cross-sections DD’ (located in Fig. 11), shows two models for presence of
trapped oil and water high in compartment C. A) Model 1. Shows four compartments in the
M4.1, with the fourth compartment (P) resulting from termination of Fault B against Fault A. B)
Model 2. M4.1 is divided into three compartments A, J & C where the channel acts as a barrier to
trap the oil and water present in the northwest region of compartment C. 
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