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CHAPTER 1 

INTRODUCTION 

Point bars are important reservoirs for subsurface fluids. In particular, there are numerous 

significant hydrocarbon-filled fluvial reservoirs (Miall, 1996). One of the most notable examples is the 

McMurray Formation in North Eastern Alberta Canada, which contains one of the world’s largest proven 

reserves of hydrocarbons. The Athabasca Oil Sands (AOS) in the McMurray formation account for a 

majority of Canadian oil reserves. The AOS contain an estimated 168.7 billion barrels of oil in place, 

hosted mostly within fluvial point-bar deposits. These reserves, along with some conventional reserves, 

provide Canada with the third largest total reserves in the world (Government of Alberta, 2014). 

However, even with such high proven reserves, the AOS are difficult to produce because of the high 

viscosity of the hydrocarbons and point bar heterogeneity. There have been two approaches to 

producing the oil sands: open pit mining, and steam-assisted gravity drainage (SADG) (Jo, 2013). Open 

pit mining is limited to more shallow areas of the formation. SADG is successful, but the heterolithic 

nature of the point-bar reservoirs limits effectiveness owing to unpredictability in communication 

between internal reservoir sand bodies. A better understanding of point bar architecture and 

heterogeneity will aid in improving steam-related production processes. 

The current study will test alternative hypotheses for point-bar migration that impact the 

architecture of point bar heterogeneity by developing a 3D architectural model of a point bar in the 

Belly River Group. Specifically, the study will test if accretion occurs in temporary bursts of deposition 

that produce uniform accretion bodies separated by a long hiatus, or if accretion occurs more 

continuously with intermittent episodes of erosion that produce more discontinuous accretion bodies. 

This study is inspired by the need to develop a better understanding of point bar processes to better 

predict heterogeneity in genetically similar point bar deposits, like those of the McMurray reservoirs. 
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1.1 AN OVERVIEW OF POINT BAR FORMATION 

Point bars are one of the most apparent depositional features of fluvial systems (Bridge, 2003; 

Smith, et al. 2009). These bars are attached to the channel side and grow laterally into the channel by 

accretion of unit bars along the surface of contact with the channel during high-flow events (Allen, 

1965). Over time, accretion of the bar will push the channel toward the cut-bank side opposite the bar 

(Wolman and Leopold, 1957; Mertes et al., 1996; Constantine and Dunne, 2008; van de Legeweg et al., 

2014). Bar growth may be normal to the channel bank (expansion) or obliquely downstream relative to 

the channel bank (translation) (Figure 1) (Daniel, 1971; Willis and Tang, 2010). Point bars tend to grow 

convexly into the channel and are coarse grained (sand and gravel dominated). The erosion of the cut 

bank and the accretion of a point bar on the convex side of a meander are primarily responsible for 

channel migration (Leeder, 1999). A recent flume study by van de Legeweg et al. (2014) compared the 

possibility of channel expansion by means of “bank pull” (erosion of the cut bank) or “bar push” 

(deposition on the inner bank). The authors determined that the primary driver of channel expansion is 

“bank pull” owing to variability in flow velocities associated with erosion of the cut bank that leads to 

channel width changes (van de Legeweg et al., 2014). 

Rivers channels continue to migrate as cut bank erosion and corresponding deposition along the 

inner bank remain in effect (Hickin, 1974). This point bar migration will increase overall sinuosity of the 

channel segment, which leads to a decrease in overall channel slope, and the corresponding diminishing 

bed shear stress leads to more prominent draping of fine-grained material at this stage (Constantine and 

Dunne, 2008; Willis and Tang, 2010). Point bar migration will continue until channel cut off either by 

chute channel or sufficient meander neck narrowing (Gay et al., 1998; Constantine and Dunne, 2008). 

Furthermore, the channel cutoffs from chute channel formation or meander neck narrowing can often 

be determined from the shape of the associate oxbow lake (horseshoe vs. teardrop) (Gay et al., 1998).  
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There are numerous studies that document the flow dynamics of point bars (Allen, 1963; Allen, 

1970; Donselaar and Overeem, 2008; Nanson, 1980). It is clear that secondary currents are central in 

point bar formation (Nanson, 1980). As a stream approaches a meander loop it encounters centripetal 

force which pulls the water toward the center of the loop radius. The water reacts to that force as a 

result of constantly changing velocity vectors (acceleration) and causes a higher elevation of water on 

the outer bank of the meander loop(Figure 2) (Leeder, 1999). Sheer stress increases due to the super-

elevation of the water near the cut bank which is the forced down the outer bank and up toward the 

point bar. Flume studies by Pyrce and Ashmore (2005) show that the sediment scoured from the cut 

bank is typically deposited on the next encountered point bar in the stream. Bar growth will continue 

until the channel avulses or the meander loop is cut off (Constantine and Dunne, 2008; Gay et al, 1998).  
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Figure 1- Modified from (Daniel, 1971). Shows the result of meander migration from expansion, translation, and/or rotation. 
The time prior to migration (t1) is represented with a solid line and post migration position (t2) is represented by a dotted line.  
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Figure 2- From Leeder (1999) showing the relative change in flow velocity, bed shear stress, and stream power around a 
meander loop. Higher shear stress occurs on the concave side of the loop and decreases progressively to the inside of the bend. 
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1.2 TYPES OF POINT BARS 

To date we understand the most well-known type is the sandier “Normal” point bar. There is also a 

muddier point bar referred to here as the “Normal Muddy” point bar, the counter point bar (Smith et 

al., 2009), and pseudo point bars bar (Allen, 2014). However, there is still limited understanding as to 

exactly where and why some of these bar types occur.  

1.2.1 The “Normal” Point Bar 

The “Normal” point bar is perhaps the most well-documented and most studied of all the point 

bar types. The “Normal” point bar, though it has some architectural complexity, is the more “text book” 

point bar model that is most commonly associated with meandering river deposits (Figure 3). However, 

it should be noted that this point bar often is over simplified in its architecture (Figure 4). Although the 

architecture does have complexity, it is known for having accretion surfaces that span from the top of 

the bar to the bottom of the bar (Figure 3). Draping between these accretion surfaces can serve to 

compartmentalize one accretionary body from another. This point bar is characterized by mostly-sandy 

lithofacies, and complex but bar-expansive accretion surface architecture (Figure 3).  
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Figure 3-- From John Holbrook (PhD) (personal communication). Photograph showing 3D exposures of point bar deposits in the 
Belly River Formation in Alberta, Canada with accompanying Architectural interpretation superimposed on the photograph. In 
this particular example a lateral accretion element that was formed from a side-attached point bar was deposited over a 
thalweg fill of a channel above a lower lateral accretion element (a sandier “Normal” point bar). A more heterolithic point bar 
was then deposited above this sandy point bar. The internal architecture is complex, but does contain bar-expansive 
architectural surfaces. The higher-order accretion surfaces reflect changes in bar migration direction.  

 

 

Figure 4 – Modified from Donselaar and Overeem, (2008) showing a simplified model that is the “text book” example of the 
understanding of point bar growth.  

 

 

“Muddy Normal” 
Point Bar 

“Normal” Point Bar 
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1.2.2 The “Normal Muddy” Point Bar 

The “Normal Muddy” point bar is one of the least understood of the group. In many instances 

the alternation of muddy to sandy lithofacies was attributed to tidal influence (Smith, 1985; De Boer et 

al., 1988; Fustic et al., 2012); however, more recently paleogeographic studies have shown that many 

muddy point bars, attributed to tidal origin, formed too far in land to be tidally influenced (Blum, 2015). 

The architecture of these point bars has an element of complexity, but the periodic change from more 

muddy lithofacies to sandy lithofacies facilitates easier delineation of architecture (Figure 3). These bars 

resemble normal point bars in all aspects except the high proportion of mud. 

1.2.3 The Counter Point Bar 

Counter point bars generally form where translating point bars force a separation of the channel 

from the cut bank side abruptly downstream from the translating normal point bar (Figure 5). 

Translation of point bars generally occurs in environments where the stream encounters an erosion-

resistive body, such as clays or bedrock. In systems dominated by expansion, counter point bars are 

rare. Point bars develop upstream relative to counter point bars and there is a general fining 

downstream along meander loop accretionary faces. Counter point bars tend to be dominated by silt, 

form on the concave sides of meander loops, and have lower reservoir potential than “normal” point 

bars (Smith, et al, 2009). 
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Figure 5- Figure from Smith et al. (2009) showing the relative position of counter point bar (CPBD) formation relative to point 
bars (PBD). Counter point bars form when bars migrate along the cut bank rather than the bar apex, commonly 
because of restriction against bedrock or another resistive body. Counter point bars show concave scroll patterns 
where point bars make convex scroll patterns.  

1.2.4 The Pseudo Point Bar 

It is long-observed and general knowledge that braided rivers meander (Bridge, 1993); however, 

the mechanism has remained a mystery. Allen (2014) provides a mechanism to explain the meandering. 

Mid-channel bars migrate asymmetrically and eventually become plastered to either side of the channel 

loop (Figure 6). This amalgamation can easily be confused with side-attached point bar development; 

however, they can be distinguished by close inspection of architecture from aerial photographs as well 

as the presence of amalgamation on the cut bank side of a meander (Allen, 2014). Continued 

amalgamation of mid-channel bars at a central location forces construction of a meander bend around 

an amalgam of mid-channel bars that resembles a point bar and is a pseudo point bar. 
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Figure 6- From Allen (2014)  showing the basic development and amalgamation process associated with mid-channel bars. 
Figure 6a shows that bars may migrate symmetrically or asymmetrically downstream. Mid-channel bars can accrete by 
translation, or a combination of translation and expansion. Figure 6b shows the accretion of mid-channel bars can either occur 
on the concave or convex side of a meander loop. When mid-channel bars accrete on the cut bank this is referred to as a 
reverse meander. 

 

 

1.3 HETEROGENEITY OF POINT BARS 

Within point bars are finer-scaled heterogeneities that prove problematic to identify from the 

resolution available with seismic data and are difficult to quantify and predict. Layers of clay within 

point-bar sands are typical, and most commonly occur along accretion surfaces. The heterogeneous 

nature of point bars is discussed in detail by Jordan and Pryor (1992). They state that the most common 

source of heterogeneity in point bars (level 3 heterogeneity) are chute shale plug and shale drapes 

(Figure 7). Although these features are well known, the particulars of their formation are poorly 

understood. This is especially true of draping along accretion surfaces. Jordan and Pryor (1992) show 

effectively that these layers tend to record draping of fine-grained material over bar accretion surfaces 

during slack water events between flooding and sand deposition. Their work, however, received little 

follow up. The continuity of drapes during formation, and the processes that modify these drapes after 
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deposition are left in question. These processes dictate the final heterogeneity that will characterize the 

bar deposit. Since the drapes are less permeable than the sand, the continuity and placement of these 

drapes will dictate flow of fluids through bar reservoirs. It is important to further understand drape 

development and preservation as it will aid in understanding communication between flow units in 

heterogeneous point-bar deposits.  

 

 

Figure 7- Modified from Jordan and Pryor (1992) showing heterogeneity of point bars. Some heterogeneous elements include 
muddy and/or silty drapes, chute plugs, and splays. 

 

1.4 THE “SADLER EFFECT” IN POINT BARS 

A key to understanding point-bar architecture is in understanding the processes contributing to the 

“Sadler Effect” in point-bar lateral accretion. Sadler (1981) observed discrepancies in sedimentary 

accumulation rate calculations depending on the time span at which they are measured. When 
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accumulation rates are calculated over a longer time span the rate appears to be slower, whereas if the 

rates are calculated over a shorter time span, the rate appears to be faster (Figure 8). The variability in 

accumulation rates is due to unsteady buildup (Sadler, 1981) and is colloquially referred to as the 

“Sadler Effect”. Holbrook, et al (2006) showed this to be true of lateral accretion of point bars and 

demonstrated that short-term bar accretion measured from air photos is roughly an order of magnitude 

faster than rates resulting from accumulation over the life of the bars (Figure 9). The current study 

specifically attempts to reconcile these discrepancies by performing 3D architectural analysis to create a 

3D model of point bars to better understand the processes contributing to this unsteady accumulation. 
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Figure 8- From Sadler (1981) showing the relationship between sediment accumulation rates and the time span 
  used to make those calculations. When shorter time spans are used, rates appear to be much higher  
  than when calculated over a larger timespan.  
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Figure 9- From Holbrook, et al. (2006) showing the “Sadler Effect” to be true specifically in point bar accretion. When meander 
growth rates were calculated using a short timespan (aerial photographs), the rate is approximately an order of magnitude 
faster than if the calculation was done for the entire life of the bar.  

 

 

1.5 THE BELLY RIVER GROUP 

The target of this study is the Belly River Group located in Alberta Canada in Dinosaur Provincial 

Park. The Belly River Group is also known as the Judith River Formation, but we will use the terminology 

“Belly River Group” as suggested by Hamblin and Abrahamson (1996). The Belly River Group is about 

275 m thick in this area, 90 m of which is exposed in the Dinosaur Provincial Park (Wood, 1989). The 

Belly River Group consists of three Late Cretaceous formations which are from oldest to youngest: the 

Foremost Formation, the Oldman Formation, and the Dinosaur Park Formation (Figure 10) (Hamblin 

1997b). These formations are also separated into distinct members. The depositional setting is fluvial, 
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predominantly from a meandering river system, and was located on the distal part of a fluvial-deltaic 

coastal plain between the Cretaceous Western Interior Seaway to the east and the rising highlands in 

the west (Wood, 1989).   

 

Figure 10- Column from Hamblin (1997) showing the specific 
members of the formations within the Belly River Group 
on a scale from 0 to 150. 
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1.5.1 The Foremost Formation 

The Foremost Formation is the oldest formation of the Belly River Group. The Foremost 

Formation overlies the Pakowki Formation, which is a marine shale unit. At the base of the Foremost 

Formation lies a sandstone unit that is divided into seven stacked, mostly regressive cycles, which are 

regionally identifiable and interpreted as shoreline-related (Hamblin and Abrahamson, 1996). Above 

these cyclic sandstones is the McKay Coal Zone which is primarily clay-rich to sandy siltstone with some 

burrows and roots of the Foremost Formation (Hamblin and Abrahamson, 1996). The topmost portion 

of the Foremost Formation is non-marine interbedded sandstone, siltstone, and coal which make up the 

bulk of the lithologies in the Foremost Formation (Figure 10) (Hamblin and Abrahamson, 1996). 

However, this formation is generally in the subsurface within Dinosaur Provincial Park (Hamblin and 

Abrahamson, 1996) and is not part of the current study. 

1.5.2 The Oldman Formation 

The Oldman Formation is the middle formation in the Belly River Group. The boundary between 

the Foremost Formation and the Oldman Formation is the top of the Taber Coal Zone (Figure 10) 

(Hamblin, 1997b). Hamblin (1997b) referred to two members of this formation, the Comrey member 

and the “upper siltstone” member. The Comrey member is a regionally extensive unit of fining-upward 

stacked sandstones, ranges in thickness from 24-65 ft., and is light gray in color (Hamblin, 1997b). The 

“upper siltstone” member is fine-grained sandy and/or silty mudstone with small amounts of fine-

grained sandstone that ranges from 15-45 ft. in thickness (Hamblin, 1997b). The Comrey member is 

interpreted as being from a low sinuosity fluvial depositional environment, whereas the “upper 

siltstone” member consists of flood plain depositional facies (Hamblin, 1997b). This formation is present 

in outcrop within dinosaur provincial park (Hamblin, 1997b). 
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1.5.3 The Dinosaur Park Formation 

The Dinosaur Park Formation, named for its widespread exposure in Dinosaur Provincial Park, is 

the uppermost formation of the Belly River Group. This formation is dominated by thick fine to medium 

grained sandstones in the lower part and siltstones in the upper part and commonly contains 

heterogeneous point bar deposits (Hamblin 1997a). The Dinosaur Park Formation is over 125 meters at 

its thickest parts and thins toward the south due to depositional thinning; however, the Oldman 

Formation is thicker in these thinned locations and overall thickness of the Belly River Group is 

preserved (Hamblin, 1997a). This formation is the main focus for the current study due to its excellent 

3D exposures as well as exceptional preservation of fluvial architecture. The point bar deposits show 

both sand dominate and muddy point bar deposition (Smith, 1988). The muddy deposits serve to 

compartmentalize sand bodies, thus leading to complicated interconnectivity of reservoirs in the Belly 

River Group allowing the formation to serve as an analogue to the McMurray Formation. 

1.6 HYPOTHESES AND PREDICTIONS 

This study attempts to reconcile discrepancies in slow long-term vs. more rapid short-term accretion 

rates in point bars (the Sadler Effect). Two hypotheses are offered to account for this discrepancy in 

accumulation rates: 

1) The accretion events are sporadic. In other words, accretion events cause bars to grow to some 

significant lateral distance, but there are large amounts of time with no deposition between 

these accretionary events. 

2) Accretion happens regularly, but is repeatedly undergoing erosion of the bar that periodically 

reworks and removes deposits of accretion processes between accretion events resulting in 

slow net accretion. 
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Each hypothesis fosters differing predictions of architecture for the point bars. If growth is sporadic, 

accretion surfaces should be roughly continuous around the bar face with little evidence of 

truncation except for minor truncation of some surfaces recording long hiatuses in deposition. 

Alternatively, if accretion is more continuous, but subject to intensive erosional reworking, then 

accretion surfaces will not extend for long distances around the bar, but will show evidence of deep 

incisional truncation and fragmentation of discrete depositional bodies. Field analysis and tracing of 

accretion surfaces in 3D will test these alternative predictions. Depending on the results of the 

architecture-element analysis it should be clear which of these two hypotheses are most likely. 
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CHAPTER 2 

METHODS 

2.1 LOCATION 

 The goals of this study include completing a description of point bar lithologies as well as the 

generation of a 3D model on which to delineate point bar architecture. To accomplish this goal we chose 

the Dinosaur Park Formation in Dinosaur Provincial Park, AB, Canada owing to the highly dissected 

badlands landscape and lack of vegetation (Figure 11 and Figure 12). We measured sections throughout 

the field site to describe grain size, mineralogy, and sedimentary structures.  We created the 3D model 

of a section of a point bar from terrestrial LIDAR scanning (TLS) from multiple exposures of one point 

bar. 

 

Figure 11- Map showing the location of Dinosaur Provincial Park. The area outlined 
in red is the Steveville area where we performed this study. Also, see geologic 
map of outlined area in Figure 12. 
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Figure 12- Geologic map from (Smith, Personal Communication). Map showing the geology of Dinosaur Park Formation in the 
Steveville area of Dinosaur Provincial Park. The section of the point bar used in this study is outlined in red. The locations for 
LiDAR scanning are shown as grey and blue polygons. The blue polygon represents the area where the most extensive 
interpretation was made and is the main focus of this study. An aerial view of the finished scans is also shown for the purpose 
of orienting the reader. 
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2.2 STRATIGRAPHIC SECTIONS 

 We chose distributive locations throughout our chosen field site (Figure 14) to measure the 

stratigraphic sections. We used a  Jacob staff and/or tape measurer to define bedding thicknesses. We 

also recorded lithologies and drape types taking note of sedimentary structures, color, grain size, 

sorting, roundness, fossils, etc. We took paleocurrent measurements where possible; however, 

individual dunes are rarely distinguished easily in this area. 

2.3 LIDAR ACQUISITION 

 The LiDAR acquisition was the main driving factor in determining the area we would delineate as 

the study project. We chose a location that maximized point bar exposures to ensure capture along both 

strike and dip directions, allowed for placement of the scanner and other equipment at optimal 

distances, and would be feasible to cover within the allotted time. The following is a list of the 

equipment used for the LiDAR acquisition: 

• Riegl VZ-400 near IR LiDAR scanner 
• Laptop to run the scanner 
• Nikon D700 Camera with 85mm lens, mounted on top of the VZ-400 
• 5 tripod mounted disk reflectors 
• Topcon Hiper Lite RTK (Real Time Kinematic) GPS 

 

The site consists of two amphitheaters as seen in the topographic map (Figure 3). With the 

limited number of reflectors we treated each amphitheater as separate scan projects and a GPS survey 

was used to reference the two amphitheaters together. The first amphitheater was covered by 6 scans, 

each time from a different angle to ensure optimal LiDAR coverage. The second was covered by four 

scans.  

The VZ-400 scanner rotates about a vertical axis that passes through the center of the scanner. 

This allows for horizontal laser pulses. The mirror built into the scanner captures the vertical aspect of 

the scans. The resulting scan paramenters are theta (horizontal angle), phi (vertical angle), and range 
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(distance to reflecting surface). The scanner sends a pulse of light toward the target, starts an internal 

stopwatch, and stops the measurement when a return signal is detected. These scan parameters (theta, 

phi, and range) are converted to XYZ coordinates relative to the home position of the scanner at the 

time of the scan. The VZ-400 scanner uses “time of flight” to measure the distance (range) to target.  

Each scan project started with a low resolution scan to capture the overall area. This low 

resolution scan captures visible reflectors, which are then scanned at a higher resolution. The Riegl 

software RiScanPro detects the strong signal return from the reflective material and computers the 

centroid of the returns from the reflectors yielding XYZ coordinates that are within less than 1 CM 

accuracy. After the general scan of the area, the scans are checked for quality on the laptop, and the 

scanner is moved to the next location. After each scan, the scanner mounted camera takes photographs 

of the target area, which are used to drape over the LiDAR topography to create a photorealistic 3-D 

model. 

All of the scans for an individual project are referenced to each other. For each project, a single 

scan position is chosen for the origin for that area’s Project Coordinates. Using the common reflectors 

between scans in the same project, RiScanPro software aligns the scans to the selected origin scan. 

These scans were brought into the software Polyworks (Innovmetric, Inc.) for fine adjustment of scan 

points.  

The photo draped TIN mesh model for each project was assembled in Project Coordinates and 

then transformed into World Coordinates, using software by GHVM, LLC. Each reflector was surveyed 

using RTK GPS. The base station for the two-receiver RTK system ran for at least two hours to establish 

baselines for the surveys of the two project areas. Since the base station was turned off to save power, 

there was a difference in the base station locations of the two project areas even though the base 

station remained in place, thus to complete alignment of the two separate projects, the World 
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Coordinates were adjusted for the first amphitheater to match the location of the base station of the 

second amphitheater.  

Upon referencing the scans and projects together accurately, a TIN mesh was created using the 

software Polyworks. The final steps in Polyworks create a TIN mesh from the point cloud. Final editing of 

the point cloud eliminates anomalous features that are not geologically significant, such as vegetation. 

The final step is to fill holes that result from scan occlusion or deletion of vegetation. The TIN mesh is 

then complete and exported as a Wavefront (.obj) text file. 

The use of the scanner-mounted camera simplified the process of orienting the photos to the 

model. The camera was previously calibrated at Riegl headquarters to provide distortion parameters for 

the camera and lens. The draping process projects each TIN mesh vertex to its location in a photo that 

covers that part of the mesh. The final draped model file was created by GHVM software 

GeoConstructor. This software creates the model as a Wavefront OBJ file which can then be converted 

to a VRML format for importing into ESRI ArcScene 10.2.1.  

2.4 ARCHITECTURAL-ELEMENT ANALYSIS 

 Architectural-element analysis was performed on the 3-D photo-realistic model according to the 

procedure of Holbrook (2001), as derived from Miall (1985; 1986). The tools GHVM in ArcScene allow for 

direct drawing on the 3-D model surface. The first step was to delineate individual bedding surfaces 

observed in the outcrop according to the guidelines outlined by Holbrook (2001) as follows: 

1) “Each surface is considered unique and laterally continuous until truncated, or deemed 

indiscernible 

2) “A surface may truncate another, but surfaces may not cross 

3) “Though surfaces may be diachronous, any location on a surface must be younger than the 

materials/surfaces it binds.” 
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Surfaces will then be assigned rank orders according to the following steps (Holbrook, 2001): 

1) “Bedding surfaces bounding lamina sets are considered as 1st-order 

2) “Lower-order surfaces will be bound by higher-order surfaces 

3) “The order of a surface will be one order higher than the highest-order surface it binds, and may 

be of higher order where guideline 4 should be satisfied 

4) “Surfaces truncate against surfaces of equal or higher rank 

5) “Similar, but nested, surfaces may be treated as a set of boundaries of equal order, but the set 

should be ultimately bounded by a surface of higher rank.” 

2.5 DRAPE DISTRIBUTION CALCULATIONS 

 To better understand the length, concentration, and distribution of drapes I chose three 

separate locations on the 3-D model where I traced the visually discernable drapes using GHVM tools in 

ArcScene. I contained the area of interest into a roughly rectangular area for simplicity. I ran basic 

statistics on the lengths of the drapes in each area. In addition to the general statistics, since Area 2 also 

overlapped with my interpretation, I noted the order surface of drapes and proportion of the surface 

that is draped.  My choice of areas for the drape density and length calculations were influenced by two 

main factors: unique distances relative to channel fill, and spatial variation in the point bar. Area 1 is on 

the northern-most part of the scan area and is closest to the channel fill. Area 2 is the middle of the scan 

area and is furthest from the channel. Area 3 is second closest to the channel and in the southern-most 

part of the scan area (Figure 13). 
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Figure 13- Figure showing the areas used for drape calculations marked with stars on geologic map from Smith (Personal 
Communication). 
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CHAPTER 3 

RESULTS 

3.1 STRATIGRAPHIC SECTIONS 

Our measurements of various stratigraphic sections throughout the field area revealed a 

number of lithologies and four main types of drapes that make up this point bar. Lithologies include 

sand, siltstone, mudstone, peat, clayey peat, and two distinct composite soils at the base and top of the 

point bar. The four types of drapes are designated as Type A, Type B, Type C, and Type D. There is also a 

consistent fining-upward trend throughout the bar.  

3.1.1 Point Bar Lithofacies 

The point bar of this study sits on top of a composite soil with blocky to angular peds, no 

preserved sedimentary structures, scattered bone chips, and sparse organics. There is a sharp contrast 

between this composite soil and the basal sandstone of the point bar. This sandstone is medium-

grained, well-sorted, moderately-cemented with medium scale cross sets. Sedimentary structures 

include planar, parallel, and cross laminations. This sandstone is consistent through the vertical section 

of the point bar, but does fine upward into fine sand. Toward the very top of the bar is unconsolidated 

fine sand. The top half of the bar contains lithologies that are consistent with the overall fining-upward 

pattern of the point bar including, siltstone, mudstone, claystone, and peat/peaty clay. The siltstone is a 

ripple-laminated to parallel-laminated iron-cemented, fine siltstone with some thin drapes on individual 

ripples. Finer-grained moderately well-sorted, ripple to parallel-laminated mudstone is also common 

and contains dispersed organic material and occasional root traces. The claystone is unconsolidated 

moderately well-sorted and contains some carbonaceous material. On the top of the bar is a peat/peaty 

clay with abundant carbonaceous material, with anywhere from 10%-50% clay. Capping the point bar is 

another composite soil with blocky to platey peds, abundant root channels, and carbonaceous material 

(Figures 15-18). 
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3.1.2 Drape Types 

Draping of finer material is found at all architectural scales of this point bar. Type A and B are of 

similar composition, the main difference being Type A is less cemented than Type B. Type A and B are 

typically present in the bottom half of the bar and Type C and D become more predominant toward the 

top half, although there are exceptions to that pattern (Figure 19). Type C and Type D drapes have the 

same basic relationship as Type A and B, but are finer-grained. We obtained thin sections descriptions 

for the Type A, Type B, and Type D drapes. Measured stratigraphic sections record a general fining 

upward trend and an overall increase in heterogeneity from the base of the bar to the top (Figues 15-

18). 

 Type A drape is a moderately sorted, argillaceous feldspathic litharenite (Folk, 1974). Framework 

grains are sub angular. The average grain size is lower fine sand, but ranges from lower silt to upper fine 

sand.  Grains consist mostly of quartz (27%) and chert (20%). Other minerals include potassium feldspar 

(9%), plagioclase feldspar (6%). Other fragments are sedimentary (6%), Volcanic (3%), Metamorphic 

(1%). Mica (2%) and other heavy minerals (1%) make up accessory grains. This is 75% framework grains. 

There is also some carbonaceous debris (2%). This is 77% framework grains.  The amount of matrix clays 

is also a considerable 17% bringing the total to 94%. Cements make up the remaining 6% with dolomite 

(5%) and Pyrite (1%). Porosity of the Type A drape is 11%, which consists of intergranular and secondary 

porosity (Table 1). Reservoir quality is fair.  

Type B drape is very similar to Type A but varies slightly in composition.  Type B grains consist of 

22% quartz, 20% chert. Other rock fragments include sedimentary (4%), Volcanic (4%), and metamorphic 

(1%). Accessory grains include Mica (1%), carbonaceous material (2%). The clay matrix (24%)  is greater 

than Type A. Type B also differs from Type A in that it has less porosity (8%), is burrowed, poorly sorted, 

and more cemented with pyrite (5%), dolomite (3%), and trace siderite (Table 1). Reservoir quality is 

poor (Table 2). 
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 Type D drape is a poorly-sorted cross-laminated argillaceous litharenite. The average grain size is 

upper silt, but sizes range from lower silt to very fine lower sand. It has a detrital clay matrix supported 

framework. Grains are angular to sub angular. The main minerals within this drape are chert (19%), 

quartz (11%), plagiosclase feldspar (8%), potassium feldspar (3%). Other fragments include sedimentary 

(5%), volcanic (1%), Metamorphic (trace). Accessory grains include carbonaceous debris (4%) and mica 

(1%). Matrix clay (17%) is a mixture of clays, siderite, dolomite, and pyrite. Cement consists of siderite 

(11%), pyrite (6%), dolomite (3%) (Table 1). There is very little porosity (Table 2). Type C drape is very 

similar to Type D but is poorly cemented and likely has slightly more porosity. Type C and D drapes are 

most common on the upper half of the point bar.  
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Table 1- Table summarizing individual components for drape types A, B, and D. 

 Type A Type B Type D 
    Rock Type Arg FL (SS) Arg FL (SS) Arg L (Slt St) 
Quartz Monocrystalline 25 19 11 

Polycrystalline 2 3 TR 
Total 27 22 11 

Feldspar Potassium Feldspar 9 9 3 
Plagioclase 6 5 8 
Total (or Fld not classified) 15 14 11 

Rock Fragments Chert 20 20 19 
Sedimentary Rock Fragments 6 4 5 
Volcanic Rock Fragments 3 4 1 
Metamorphic Rock Fragments 1 1 TR 
Plutonic Rock Fragments - TR - 
Detrital Illite - - 11 
Detrital Dolomite - - - 
Total 30 29 36 

Accessories Mica 2 1 1 
Heavy Minerals 1 TR - 
Glauconite - - - 
Organic Matter/carbonaceous 2 2 4 
Pelecypods - - - 
Foraminifera - - - 
Total 5 3 5 

Matrix Micrite (Calcite/Dolomite) TR TR TR 
Detrital Clay 17 24 17 
Total 17 24 17 

Authigenic Clays Kaolinite TR - - 
Illite TR TR TR 
Chlorite - TR - 
Smectite - - - 
Unidentified/ Hematite - - - 
Total TR TR TR 

Cements/ 
Replacement 

Quartz overgrowth TR - - 
Feldspar - - - 
Calcite - - - 
Ferroan Calcite - - - 
Dolomite 5 3 3 
Ferroan Dolomite - - - 
Anhydrite - - - 
Siderite - TR 11 
Pyrite 1 5 6 
Other - - - 
Total 6 8 20 

Total Rock Volume (%) 100 100 100 
 
  



 

30 
 

Table 2- Table summarizing textures, diagenetic features, and porosity for drape types A, B, and D 

Sample ID A B D 
Depth (m) Outcrop Outcrop Outcrop 

Rock Type Arg FL 
(SS) 

Arg FL 
(SS) Arg L (Slt St) 

Structures Xlm, Xb Xlm, Xb, 
Bt Xb, Bt 

Textures Grain Size Average vfL vfL Slt 
Grain Size Range fU-slt fU-slt vfL-Lslt 
Sorting  P P - 
Roundness SA SA SR 

Diagenesis Compaction Slightly Slightly Slightly 
Grain Fabric Matrix Matrix Matrix 
Cementation Partly Partly Partly 
Dissolution - - - 

Visible 
Porosity 

Intergranular 9 6 3 
Dissolution (unclassified) 2 2 - 
Grain Dissolution - - - 
Cement Dissolution - - - 
Total Visible Porosity 
(%) 11 8 3 

Reservoir Quality 
Fair  Poor Very Poor, 

Non-Reservoir 

 

Table 3- Table summarizing the reservoir quality of the Type A, B, and D drapes. Type C is likely similar to Type D, but likely with 
slightly higher porosity.  

SAMPLE NAME TS Por. Porosity Type Main φ Controls Reservoir Quality 

Type A 11% Intergranular and 
secondary 

Matrix, dolomite, 
illite, compaction, 
dissolution  

Fair 

Type B 8% Secondary, 
intergranular 

Matrix, dolomite, 
illite, siderite, 
compaction, 
dissolution 

Poor 

Type D 3% Microporosity, 
secondary 

Grain size, matrix, 
siderite, dolomite, 
illite, compaction, 
dissolution 

Very Poor, Non-
reservoir 
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Figure 14- Zoomed in view of the geologic map to show where individual stratigraphic sections were measured.  
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Figure 15- Legend and Section 1 showing the general fining upward pattern in point bars as well as lithology, and bed forms 
represented by geologic swatches.

8.25 m 
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Figure 16- Stratigraphic sections 2 and 3 showing the general fining upward pattern in point bars as well as lithology, and bed 
forms represented by geologic swatches. Section 2 is dominated by finer grained lithologies toward the top. 

9.93 m 

10.3 m 
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Figure 17- Stratigraphic sections 4 and 5 showing the general fining upward pattern in point bars as well as lithology, and bed 
forms represented by geologic swatches. 

9.53 m 

8.59 m 
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Figure 18- Stratigraphic sections 6 and 7 showing the general fining upward pattern in point bars as well as lithology, and bed 
forms represented by geologic swatches. 

5.34 m 

9.11 m 
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3.1.3 Paleocurrent Measurements 

We also took paleocurrent measurements whenever possible; however, individual dunes were 

very difficult to distinguish. The measurements that we did take appear to align with the suggested 

geologic map of the area with a general paleocurrent direction of 107 degrees (Figure 20). 
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Figure 19- Figure showing the relative position of drapes and drape type within each measured section. Drape Types A and B 
are the most prominent throughout the study area. Generally speaking, Type C and D are more prevalent in the upper half of 
the point bar, although there are some exceptions, like Section 7 that is near the channel abandonment phase.  
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Figure 20- Rose Diagram of paleocurrent measurements taken in the field on individual dunes within point bar deposits within 
red area of map. 
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3.2 LIDAR MODEL AND ARCHITECTURAL-ELEMENT ANALYSIS 

 The LiDAR model came out as a photorealistic 3-D model (Figure 21). An estimation of the time 

period required to deposit the sediment recorded over the section I interpreted can be done by taking 

the approximate length of the interpreted wall (~250 m) (Figure 22) and dividing by a sediment 

accumulation rate, which I obtained from Holbrook (2001) using an average of the long-term rates for 

meander loops (~5m/yr). This estimate comes out as approximately 50 years for this interpreted second 

to have been deposited. The interpretation of the model over this length revealed five surface orders. 

The fifth order surfaces (Figure 22) bind the top and bottom of the point bar. These surfaces are 

relatively easy to trace because the lithology changes drastically at the top and bottom of the bar and 

difference in weathering patterns is well defined.  
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Figure 21- Figure showing the entire complete LiDAR model. The model consists of two separate amphitheaters. The two 
amphitheaters are designated by stars on the geologic map from Smith (Personal Communication).  
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Figure 22- Figure showing interpreted 5th order surfaces on one wall (in green). These surfaces represent the top and base of 
the point bar. In some places the LiDAR did not cover the full vertical height of the point bar and so the surface could not 
always be traced over the whole top of the bar. 

  

4th order surfaces bind 3rd order surfaces and also represent a clear boundary between sandy 

bar growth patterns and a more heterolithic depositional pattern (Figure 22). These surfaces are 

continuous through the bar vertically and laterally and delineate some fundamental shift in depositional 

style. This boundary can be seen in a number of places throughout the study area, but is always found 

near the paleochannel (Figure 23).  

~8
 m

 
~250 m 
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Figure 23- Aquamarine surface represents the 4th order surface marking the transition from regular point bar growth to more 
heterolithic deposition 
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3rd order surfaces bind 2nd order surfaces, are bound by 4th order surfaces, and represent 

accretionary packages that are lower-frequency depositional bodies than those bound by 2nd order 

surfaces. 3rd order surfaces slope between 5 and 45 degrees toward the channel fill and extend for no 

more than 101 meters in either strike or dip direction. These surfaces are consistently cut by younger 

accretionary packages and are not observed to be bar-expansive in either direction (Figure 24). It should 

be noted that there are complexities that suggest the possibility that higher order surfaces exist within 

3rd order sets. In a couple of rare cases, it appears that 3rd order accretionary surfaces could extend 

locally from top of the bar to the base, thus binding sets of other 3rd order surfaces; however, in all cases 

3rd order surfaces are truncated by a younger 3rd order surface (Figure 25). There is alternation between 

steeper 3rd order surfaces (shingle-like depositon) followed by younger accretionary events that are at 

much flatter platform angles (Figure 25). In the more heterolithic areas on the channel-fill side of the 4th 

order surface, 3rd order surfaces are generally more continuous. This trend of more continuous 3rd order 

surfaces is also observed in the “muddy point bar” previously mentioned (Figure 3). These 3rd order 

surfaces consist of amalgamated co-sets of cross-laminated beds. 
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Figure 24- General pattern of 3rd order surfaces in this point bar (specific area shown in green).  
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Figure 25- Close up showing accretionary bodies in the regular point bar. Some of these accretionary bodies are steeper shingles and others are flat. There appears to be a 
pattern of steeper accretion of shingles followed by flatter depositional events occurring periodically. The pink line represents a surface that could possibly be considered higher 
order, but it quite clearly cut off by a 3rd order surface, which by definition makes the surface it cut 3rd order as well; however, this may be due to chance and it demonstrates 
the possibility of a higher-order trend within this point bar in other locations that is not resolved here 
.

Flat 

Flat 
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Figure 26- 3rd order surfaces in the heterolithic area adjacent to the regular bar growth. 3rd order surfaces are much more 
continuous in this location.  

 

 In this point bar individual, contiguous co-sets of cross-laminated beds are bound by 2nd order 

surfaces. These surfaces are the result of higher-frequency of deposition than the 3rd order surfaces. 2nd 

order surfaces do not extend for more than 101 meters in strike or dip direction before being truncated 

by younger co-sets.  
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Figure 27- A complete interpretation of one exposed wall on the point bar.  
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Figure 28- A closer view with all interpreted surfaces on the model. 
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Figure 29- Full interpretation of a transition zone from more sandy point bar growth to heterolithic deposition. Surfaces are still cut off, but in general are much more continuous 
than the  contrasting sandier point bar area 
.
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1st and 0 order surfaces are not depicted on this model to avoid cluttered depiction, and the 

ability to interpret accurately due to poor visibility in the field and thus in the model as well. 1st order 

surfaces represent individual trough and planar cross sets. Architecture is still complex among 1st order 

surfaces (Figure 30). 1st order cross-sets are also the best indicators of paleocurrent direction. 0 order 

surfaces are individual laminae.  

 

 

Figure 30- Fine scale interpretation of a section of the point bar to demonstrate complexity at lower orders as well. 0 order 
surfaces are bound by 1st order sets of laminae, which are grouped as co-sets bound by 2nd order surfaces. Draping on 0 order 
and 1st order surfaces are meant here to demonstrate the presence of drapes on 0 and 1st order surfaces. 

 

3.3 DRAPE MEASUREMENTS 

 The locations I chose for the drape measurements are shown relative to the scan project in 

Figure 31. For the main areas of study, drape tracing can only be done with certainty at the scale of 2nd 
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order surfaces or higher. Draping is, however, common at lower orders as well (Figure 30). The 

variability in the data can likely be explained by the differences in location on the point bar and 

proximity to channel-fill. It is clear that there is vertical heterogeneity in point bars (Jordan and Pryor, 

1992) and Miall (1988) showed that point bars are also laterally heterolithic.  
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Figure 31- Figure showing locations used in drape calculations 
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3.3.1 Area 1 

 Area 1 is very near where the toe of the bar meets the channel fill (Figure 31). This area had the 

second highest concentration of drapes. The data is slightly skewed to the right, with the maximum 

drape length as 12.8 m (Figure 32); however, the average drape length is 3.7 m. Most drapes in this area 

do not extend for more than 4 m before being truncated by a younger depositional feature. 

 

Figure 32- Summary statistics and histogram for Area 1 drape measurements 



  

54 
 

 

Figure 33- Chart showing the drape lengths of all drape in Area 1 
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Figure 34- Figure showing Area 1 with and without interpreted drape surfaces. Draping is relatively dense in this location. 
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3.3.2 Area 2 

 Area 2 is the furthest from the channel. The data is skewed to the right as there are a number of 

drapes that can be traced for up to 13.4m (the maximum length). However, the majority of the drapes 

are under 4m (the average being 3.6m) (Figure 35). Area 2 also had the lowest concentration of drapes. 

Draping superimposed on the architectural interpretation shows that drapes can occur on multiple 

surface orders (Figure 38). In this model, 3rd and 2nd order surfaces were interpreted; however, it should 

be noted that field observations show draping at 0 and 1st order surfaces also occurs as shown in Figure 

30. In some areas, drapes are preserved along the entire surface. This seems to be even more likely with 

2nd order surfaces, although that requires further investigation (Figures 36 and 37). In other cases the 

drapes are either partially preserved in one section or multiple sections of individual surfaces. 

 

Figure 35- Summary statistics for Area 2 drape lengths 
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Figure 36- 3rd order surface lengths (a) and percentage of that surface that is draped (b) for Area 2. 

0

2

4

6

8

10

12

14

16

1 2 2 2
total

3 4 5 6 7 8 9 10 11 12 13 14 15

Le
ng

th
 o

f D
ra

pe
 o

ve
r S

ur
fa

ce
 

Drape # 

3rd Order Drape Lengths 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

1 2 2 2
total

3 4 5 6 7 8 9 10 11 12 13 14 15

Pe
rf

ec
nt

ag
e 

of
 D

ra
pe

 o
ve

r S
ur

fa
ce

 

Drape # 

Draped Percentage of 3rd Order Surfaces 

a) 

b) 



  

58 
 

 

Figure 37- 2nd order surface lengths (a) and percentage of that surface that is draped (b) for Area 2. 
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Figure 38- Area 2 with and without interpreted drapes.  
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Figure 39- Area 3 drapes underlining corresponding surfaces. Although draping does occur across some entire surfaces, it is more common for the drape to cover the surface 
partially, or in some cases in patches where draping is preserved in multiple spots on the same surface, but not the entirety.  

 



  

61 
 

3.3.3 Area 3 

 Area 3 is the second closest location to the channel fill and contains a high concentration of 

drapes. The concentration of drapes in this portion of the bar is similar to the proportions found in Area 

1, which is the nearest location to the channel. Here the maximum drape length is 11m, but again is 

skewed to the right by a small portion of longer drapes. The majority of drapes are also under 4m (the 

average being 2.5m) (Figure 40). 

 

 

Figure 40- Summary statistics and histogram for Area 3 
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Figure 41- Chart showing the drape lengths of all drapes in Area 3 
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Figure 42- Area 3 with drape interpretations superimposed on the surface. 
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 The three areas were chosen for spatial variation throughout the model and varying distances 

from the channel. There is a generally higher concentration of drapes the closer the area is to the 

paleochannel; however, this is not to be confused with the more heterolithic section separated by the 

4th order surface which finer-grained material is not necessarily considered as drapes but are instead 

part of the bar body lithofacies. The type of draping that occurs does appear to have a pattern in that 

the coarser-grained Type A and B drapes are most common and occur throughout the point bar; 

however, they are most prominent in the lower half of the point bar. The rarer Type C and D generally 

sit within the middle to upper half of the point bar (Figure 19). The exception to this observation is in 

Section 7 which was measured in the heterolithic channel abandonment area which change in 

depositional style may have influenced the deposition of finer-grained drapes on the bottom of the 

section (Figure 18). 
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CHAPTER 4 

DISCUSSION 

4.1 STRATIGRAPHIC SECTIONS 

 The heterolithic nature of point bars is well recognized (Jordan and Pryor, 1992; Miall, 1996; 

Holbrook and Oboh-Ikuenobe, 2002) and the one-dimensional trends predicted by these works are also 

observed in the study site. The bottom half of the point-bar is dominated by sandy lithofacies. This 

section fines upward and interbedded siltstone and mudstone beds increase in proportion toward the 

top of the bar. The moderately-to-well sorted sand at the bottom of the bar makes for consistently good 

reservoir potential. The Type A drape is the most common drape encountered throughout the point bar 

(though predominantly in the lower half of the bar) and is considered a weak baffle to fluid flow. 

However, other drape types and finer-grained lithologies are also likely, which have the potential to 

cause communication issues within the point bar reservoir, particularly the upper section. 

4.2 ARCHITECTURAL-ELEMENT ANALYSIS 

 The architectural-element analysis performed in this study furthered the general understanding 

of point bar accretion. This point bar reveals a much more complex architecture than most other 

accepted models of point bar accretion.  This complexity exists at all architecture orders within the point 

bar.  

4.2.1 0 and 1st order surfaces 

 The lower order surfaces are difficult to distinguish even with direct and short-distance 

observation in the field; however, there is certainly architectural complexity and draping at these scales 

(Figure 30).  0 order surfaces record individual laminae that are deposited in layers as unidirectional 

current of the stream drives sediment forward. These may be deposited as individual ripples, or parallel 

to planar cross laminae. If there is a change in 0 order scale deposition, a new direction or depositional 

style will migrate over the previous set of laminae, and this shift represents a 1st order surface. 1st order 
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surfaces bind groups of these individual o order laminae.  Insight into the complexity of these lower-

order surfaces is the abrupt changes in depositional style (e.g. parallel lamination to ripple lamination) 

shown in the stratigraphic sections which occurs at the centimeter scale. Draping occurs at this scale as 

a result of slackwater events that match the frequency of 0 and 1st order deposition (Jordan and Pryor, 

1996; Bernard, et al., 1999; Holbrook and Oboh-Ikuenobe, 2002). Draping that occurs on 0 and 1st order 

surfaces is likely a weak baffle as a result of constantly changing depositional events that scour much of 

the drapes on these lower orders so that there is not much lateral or vertical continuity to the drapes. 

4.2.2 2nd Order Surfaces 

 Second order surfaces represent amalgamated unit bars. Bridge (2003) defined unit bars as 

lobate bedforms that can be as large as bankfull discharge will dictate. Unit bars are significant 

depositional features that are large enough in scale to commonly escape complete erosion and they are 

the individual features that plaster together to make up a point bar (Reesink and Bridge, 2011).  In this 

study location, 2nd order surfaces best fit this definition as they are relatively large features that are 

deposited frequently enough to undergo deposition over the life of the bar. It is clear that these surfaces 

often undergo reworking and erosion as they are commonly incised by younger 2nd order surfaces.  

Draping also occurs at this scale (Figure 33) and is also likely due to slackwater events that occur 

at the scale of unit bar deposition (i.e. larger flood events that those that cause draping over 0 and 1st 

order surfaces. Drape continuity calculations done in Area 2 indicate that 2nd order surfaces perhaps 

preserve preferentially where draping has occurred, shown by the greater amounts of 2nd order surfaces 

with drapes spanning the entire surface. Although these drapes along 2nd order surfaces more 

frequently span the entire surface, baffling within the reservoir is weaken by the significant spatial 

variability among individual unit bars that actually preserve drapes. Deposition, erosion, and general 

reworking continue at this scale until a larger flooding event cuts across all the unit bars that have 

amalgamated in between events.  
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4.2.3 3rd Order Surfaces 

3rd order surfaces represent broader accretionary events which bind sets of unit bars. These 

surfaces likely represent flood events of a larger magnitude and lower frequency than those associated 

with lower orders. Each package bound by 3rd order surfaces thus represents a fundamental phase of 

bar lateral accretion at a scale above the level of dune sets. These surfaces are much more expansive 

than 2nd order surfaces; however, none of the surfaces can be interpreted with certainty to span from 

the top of the bar to the base. Rather, the 3rd order surfaces are all thus-far observed to be incised by 

younger 3rd order accretionary bodies. The alternating pattern of steeper shingle-like deposition 

followed by a flatter depositional style indicates that the river only builds out in these accretionary 

packages steeply until there is some requirement for a changed equilibrium. At which time, a flatter 

accretionary body truncates and deposits over the top of the steeper shingle-like accretionary packages. 

These 3rd order surfaces are often draped. Preservation of drapes along a 3rd order surface is less 

complete than 2nd order surfaces. There are instances of entire 3rd order surfaces being draped, but 

usually draping occurs on one section, or in some cases separate sections, of the surface. When draping 

does occur, generally less than 50% of that surface is marked with a drape.  This low drape preservation 

is likely due to dessication and wash after deposition in combination with incision from a subsequent 

depositional event (Bernard, et al., 1999). This is good news for reservoir communication as it suggests 

that flow around these partially preserved drapes should be possible. Once this 3rd order lower-

frequency flooding event cuts into previously amalgamated unit bars or increases the extent of point bar 

deposition altogether, unit bars (1st order packages) are then deposited consecutively until another 

stronger event cuts into this set of unit bars. 

4.2.4 4th Order Surfaces 

The sharp boundary represented by the 4th order surface marks the transition from a higher 

energy deposition (the point bar) to lower energy deposition (the channel abandonment phase). This 
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contrast in energy levels is also accompanied by more complete and/or less often eroded/reworked 3rd 

order accretion units. 

4.2.5 5th Order Surfaces 

In this point bar, pending further investigation of other sections of the bar for additional 

surfaces at lower order, 5th order surfaces are those that mark the top and base of the entire bar. The 

basal 5th order surface represents the inception of the point bar. The top 5th order surface indicates an 

avulsion of the river or a cut off of the meander in which the point bar was deposited. These surfaces 

are extensive and represent the contact between the point bar and another element, such as flood 

plain, natural levees, or another point bar. The upper 5th order surface may represent the actual top of 

the point bar, or a younger depositional feature that eroded into the bar.  

4.3 BAR ACCRETION TYPES AND PHASES 

 I have previously identified four possible unique types of point bars: the “normal” bar, the 

“muddy normal” bar, the pseudo point bar, and the counter point bar. The “fragmentary” point bar is a 

new type suggested in this study to accompany the other bar possibilities. It is still poorly understood 

what the frequency of occurrence is of these bars relative to each other. It is possible that some of these 

are less frequent end members of the overall point bar deposits worldwide. Furthermore, there is an 

approximation to the “muddy normal” bar that is marked by a 4th order surface. 

4.3.1 Fragmentary Bar Phase 

In the point bar in Dinosaur Provincial Park, from its inception, individual second-order-bound 

unit bars (higher-frequency depositional features) amalgamate on top of the bottom 5th order surface, 

until a stronger depositional event of lower frequency cuts into this amalgamated package of unit bars, 

which creates and new accretion package. Unit bars then accumulate on top of this third order surface 

until truncated by the next third order surface. This pattern continues for the life of the bar. It is possible 

that there may be higher-order surfaces in other locations (and certainly in other bar types), but we only 



  

69 
 

identified up to fifth order surfaces in this location. This complexity of bar architecture suggests a new 

type of point bar referred to here as the “fragmentary” point bar that contrasts with the “normal bar” 

which forms more complete and bar-extensive accretion sets.   

Moody and Meade (2014), in their study of the Powder River in Montana, also provide an 

example of fragmentary depositional style similar to what we see in this study, showing that up to 50% 

of the bar may not be preserved from year to year, but rather undergoes significant erosion/reworking. 

They made observations from the inception of three point bars. In the Powder River in Montana, the 

point bars are subject to a semi-arid hydrogeomorphic regime, an area with somewhat predictable 

periodicity of flooding events (Figure 43). These frequent flooding events appear to be significant 

contributors to the fragmentary accretion style, as the Median annual net erosion was from 21% to 51% 

of the point bar. This net erosion is somewhat less, but still significant, on a decadal scale (between 19% 

and 41%) (Moody and Meade, 2014). The Dinosaur Provincial Park study area was deposited on a similar 

time scale (over approximately 50 years). 

 

Figure 43- From Moody and Meade (2014) showing the seasonal flooding events in the Powder River in Montana over one year. 
High fragmentation of point bars in the Powder River is attributed to this frequent depositional pattern of varying flow regimes. 
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4.3.2 Heterolithic Bar Abandonment Phase 

As mentioned above, the 4th order surfaces marks a distinct boundary between sandy point bar 

growth and a more heterolithic point bar depositional phase. This marks a change in depositional style 

from the accreting fragmentary point bar to a channel-fill pattern. The heterolithic portion preserves 

much more of the surfaces than the regular point bar (Figure 28). Surfaces become more u-shaped and 

the lateral accretion stops. This heterolithic abandonment phase built out over channel floor sands 

(Figure 38). Evidence of a true clay plug is not preserved in this section, but heterolithic deposits do get 

muddier into the channel fill.  
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Figure 44- A) Modified from Donselaar and Overeem (2008) showing the simplified accretion of a point bar with simultaneous  
deposition of sands on the channel floor, followed by channel abandonment and clay fill. B) An analogous model similar the 
scenario put forth by Donselaar and Overeem (2008). It appears that this point bar accreted and channel floor sands deposited 
as well; however, this area varies in that there is a heterolithic abandonment phase, instead of a simple clay plug, characterized 
by a much muddier lithology than the point bar. C) The three areas within the project area where this boundary is found. 
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4.4 THE “SADLER EFFECT” 

 The fragmentary architecture identified here suggests that the “Sadler Effect” can be explained 

by the second stated hypothesis of this study, namely, that the discrepancy in point bar rates depending 

on the time span (longer vs. shorter) used in the calculation is likely from more frequent deposition, 

followed by reworking/erosion. This is supported by the consistently incomplete preservation of 

accretion bodies and unit bars of the sandy fragmentary bar phase.  

 Traditional “text book” models, in which point bars are depicted as simple accretion of 

continuous sheets over the span of the bar is likely over simplified. More complete preservation of 

architectural elements has been observed in the “normal bar” (Figure 3). This “normal bar” model with 

the Sadler effect implies little reworking and large depositional events with longer hiatuses in between 

to account for discrepancies in rate calculations. This “normal bar” model is not well tested and Moody 

and Meade (2014) demonstrate a rare example of a bar over a long period of time that could test this 

possibility, but that example came out much more fragmentary. The abandonment phase more closely 

approximates this “muddy normal” bar, but is not a faithful reproduction as accretion sets here are still 

commonly truncated. 

4.5 THE EFFECTS OF DRAPING ON STEAM CHAMBER DEVELOPMENT 

 Drapes are important depositional units within point bar deposits that are commonly cause for 

concern when producing from a point bar reservoir. These fine-grained drapes are deposited during the 

waning stage of river flow events. Stream velocities decrease leading to and overall diminish in sheer 

stress and suspended load capacity, causing fine-grained material to settle out over recent depositional 

and/or reworked surfaces related to the flooding event (Jordan and Pryor, 1996; Bernard, et al., 1999; 

Holbrook and Oboh-Ikuenobe, 2002; Willis and Tang, 2008). Preservation of these drapes depends on 

the subsequent flooding event. This event can erode drapes, or deposit sediment on top of draped 

surfaces, thus preserving that portion of a drape (Bernard, et al., 1999). Furthermore, Willis and Tang 
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(2008) predict a higher frequency of drapes and drape preservation associated with increasing sinuosity 

of channel segments. 

Draping within this particular point bar in Dinosaur Provincial Park is seen throughout. However, 

the concentrations of drapes does seem to be greater with proximity to the abandonment phase of the 

channel, perhaps related to an increase in sinuosity of the channel segment and the approach of 

channel abandonment. There is also a fairly distinct distribution of the type of draping that occurs. 

Coarser-grained Type A and B drapes are commonly associated with the bottom half of the point bar, 

but are found throughout and generally Type C and D are encountered in the top half of the point bar, 

although there is an exception in the Section representing the channel abandonment phase. The loss of 

sheer stress toward the bar top is likely the driver for this vertical distribution of drape type.  

Drape preservation more frequently seems to be complete along 2nd order surfaces compared 

to 3rd order surfaces. The smaller unit bars are often reworked, and although when draping occurs it 

may be more likely to preserve along the entire surface, this reworking tends to juxtapose 2nd order 

surfaces alongside those without preserved draping. Furthermore, the generally incomplete 

preservation of the more extensive 3rd order surfaces is also encouraging. None of these surfaces, 

draped or not, have been observed to span the entire bar. This somewhat random and choppy 

preservation of drapes implies that drapes will act as baffles to flow, but will not completely partition 

the point bar. Furthermore, the most common drape, Type A, is even a fair reservoir (Table 2). Steam 

flooding and oil production will still likely be successful, but will take longer as flow paths will have to 

divert when encountering drapes.   
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CHAPTER 5 

CONCLUSIONS 

   

Our 3D architectural element analysis reveals a much more complex view of point bar 

architecture than previously thought and differs from models of point bars that show large sheets that 

accumulate across accretion surfaces producing larger discrete reservoir compartments. Furthermore, 

architectural element analysis is more accurate and meaningful on a 3D photorealistic model, as 2D 

photographs do not provide as much perspective to trace individual accretionary bodies with as much 

confidence, particularly in the case of choppy point bar surfaces, which need to be investigated from all 

angles to determine true termination. The overall complexity delineated on our 3D model suggests the 

addition of a new type of “fragmentary” point bar. There is also an important switch from the 

“fragmentary” deposition of the sandy point bar to a more architecturally complete channel 

abandonment phases that more closely resembles the “muddy normal” bar. 

This choppy architecture advocates that the reason for the “Sadler Effect” is that accretion 

occurs frequently and sediments simultaneously undergo significant associated deposition, erosion, and 

reworking.  

Draping is present at all architectural scales within this point bar. The choppy accretion style 

does not leave any bar-expansive drapes that would completely separate one part of the reservoir from 

another. There is enough spatial variation and preservational complexity that fluids would likely travel 

through this reservoir, albeit slower considering these drape baffles. The idea of choppy point bar 

architecture should be taken into account to more effectively develop steam chambers in point bar 

reservoirs. 
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APPENDIX 

ADDITIONAL FIGURES 

Table 4- Drape lengths summary from Area 1 

Drape Length-Area 1 Drape Length-Area 1 Cont. Drape Length-Area 1 Cont. 
5.3 5.9 1 
2 2.2 1.1 
1 3.2 2.6 
6.9 3 7.3 
6.7 3.5 4.8 
1.7 8 3.4 
3.7 3.2 2.7 
2.8 1.5 2.1 
5.3 6.6 2.2 
2.6 1.5 2.7 
3.9 4.3 4.8 
2.5 1.8 3.4 
4.3 2.9 3.7 
12.8 2.9 5.9 
9.2 1.5 2.2 
1.5 4.1 2.2 
2.8 3.6 1.7 
0.8 5.8 11 
1.8 1.5 0.9 
3.3 1.9 1.5 
4.1 3.4 1.4 
6.3 1.6 1.4 
4.5 2 1.3 
5.9 1.8 2.7 
1.9 3.5 2.1 
2.7 1.1 1.4 
1.4 1.3 1.2 
3.2 0.6 0.9 
3 0.4 0.8 
3.5 0.3 1.9 
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Table 5- Table showing the drape lengths and surface lengths. Also noted is the percentage  
of the surface that is draped, and the order of the surface associated with the drape. Lighter  
green rows highlight drapes that are on the same surface, but are separated by scour or 
nondeposition. Dark green rows are the combined drape lengths for surfaces that have more 
than one section of draping. 

Surface Order Drape Length Surface Length Percentage Draped 
3 6.72 11.64 58 
3 3.25 16.16 20 
3 2.17 16.16 13 
3 5.42 16.16 34 
3 15.15 17.92 85 
3 11.13 11.13 100 
3 6.67 22.81 29 
3 11.26 23.45 48 
3 8.61 24.41 35 
3 2.89 24.41 12 
3 11.5 24.41 47 
3 11.61 11.61 100 
3 8.82 14.76 60 
3 9.12 23.8 38 
3 2.85 10.46 27 
3 5.44 11.86 46 
3 8.81 24.49 36 
2 2.79 2.79 100 
2 1.54 4.65 33 
2 2.74 2.74 100 
2 5.63 6.13 92 
2 1.97 1.97 100 
2 2.09 2.97 70 
2 2.74 2.74 100 
2 2.69 2.69 100 
2 4.76 4.76 100 
2 4.25 4.25 100 
2 3.97 3.97 100 
2 1.43 2.44 59 
2 1.23 2.26 54 
2 2.33 3.47 67 
2 3.74 6.01 62 
2 2.75 19.71 14 
2 3.74 9.05 41 
2 2.17 9.05 24 
2 5.91 9.05 65 
2 1.59 1.59 100 
2 3.76 3.76 100 
2 3.11 5.03 62 
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Table 6- Drape lengths summary from Area 3 

Drape Length-Area 3 Drape Length-Area 3 Cont. 
4.6 1.7 
1.8 0.5 
1.6 1 
5 1.7 
5.7 3.4 
1.8 2 
6.6 2.4 
4.5 2.4 
7.5 2 
2.4 0.8 
1.5 1.3 
2 0.4 
1.8 2.8 
0.3 2.5 
1.5 1.5 
4 5.7 
0.6 2.7 
2.1 0.8 
3.2 0.4 
2 0.9 
9.9 0.8 
10.1 0.6 
1.8 3.9 
2.1 2.8 
  2.4 
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 We produced a 3D Terrestrial Laser Scanning (TLS) model of strata of a single 9m thick point bar in 

the Late Cretaceous Dinosaur Park Formation of the Steveville area of Dinosaur Provincial Park, 

Alberta, Canada. The goal of this 3D fine scale architectural-element analysis is to add increased 

understanding of the connectivity within point bars at the scale of a steam chamber through better 

constraint on the distribution of lithologies and architectural surfaces. Lithologies of this point bar 

record a fining upward trend from basal lower medium to fine sand, upward into siltstone, 

mudstone, as well as peaty clay on the bar top. Mapped accretion surfaces could not be traced 

either in down dip or strike direction for more than a 101 meters before being truncated by younger 

accretion events. Point bar deposits consist of centimeter to meter vertical-scaled and imbricately 

stacked unit bars. Consecutive unit bars are commonly reshaped by erosion and/or depositionally 

draped. This highly fragmented accretion style results in a lack of accretion surfaces that span the 

length or height of the full point bar. Draping is also discontinuous across architectural surfaces and 

spatially throughout the point bar. Reservoir connectivity within the point bar depends on the 

architectural style and is linked to the accretion process. This differs from models of point bars that 

result from large sheets that accumulate across accretion surfaces producing larger discrete 

reservoir compartments. Bars of the type identified here are identified in the modern Powder River 

and result from a regime of frequent irregular floods. The high level of reworking and localized 



  

 

accretion noted for this bar is consistent with other observations from modern bars that report local 

short term accretion during point bar growth to be an order of magnitude slower than long-term 

average point bar growth rates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


