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ABSTRACT 

 
This dissertation is focused on analysing architectural elements to understand the 

formative processes in linked fluvial and deltaic depositional systems in an ancient 

system. A compound incised valley system (IVS) and distributary channel and 

crevasse delta system are documented in successively more distal positions within 

outcrops of the Cretaceous Ferron Notom Delta in central Utah.  

The compound IVS is composed of three simple IVS systems, IVS3, IVS2 and 

IVS1 (oldest to youngest). IVS3 consists of tidally influenced deposits that form a 

terrace cut into lower shoreface deposits. IVS2 consists of multi-storey fluvial 

deposits with minor tidally influenced fluvial deposits in the upper 10%. IVS1 

consists entirely of medium-grained fluvial deposits. The composite valley fill records 

generally increasing fluvial-dominance and decreasing tide-influence during 

successive cut-and-fill episodes associated with each simple valley fill. These changes 

are interpreted to correlate with a longer term, stepped relative fall of sea level, 

punctuated by stillstands, or minor rises of sea level. 

A lower delta-plain distributary channel system is mapped in 3-D outcrop 

exposures in Parasequence 5a, Sequence 2. A main channel belt about 250 m wide 

narrows to 200 m downstream of the branching point. The subordinate channel belt is 

80 m wide. Water discharge from the main distributary channel, upstream of the 

branching point, is estimated to be 85-170 m
3
/s. Compared to paleodischarge of trunk 

rivers mapped in previous studies in the Notom Delta, the branching is estimated to be 

a 4th order split.  

 A crevasse delta that prograded toward the west is mapped in Parasequence 

6a Sequence 2, while the regional delta prograded toward the east. The crevasse delta 
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was protected from marine influence by a wave-dominated barrier system. The 

proximal delta-front facies consists of planar beds which pass upward into meter-scale 

low-angle cross beds, which decrease in dimensions upward and finally change to 

decimeter-scale cross beds. Planar-stratified sandstones are interpreted to be deposited 

in an inertia-dominated environment and cross-stratified sandstones are interpreted to 

be deposits in a friction-dominated environment. The upward decrease of cross set 

dimensions is mainly due to the filling of accommodation and shallowing of the 

water.   
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CHAPTER 1 Introduction 

1.1 Overview 

This dissertation provides documentation of compound incised valley systems, 

delta-plain distributary channel systems and river-dominated mouth-bar deposits in a 

fluvial-deltaic system in the Cretaceous Ferron Notom Delta in Utah.  

1.2 Dissertation Organization 

Chapter 2 is mainly from a paper submitted to the Journal of Sedimentary 

Research, and coauthored by me and my advisor Janok Bhattacharya (Li and 

Bhattacharya in review). I have collected all the data, drafted all the figures, and 

written most part of the paper and Dr. Bhattcharya did primarily the editing of the 

paper. This paper was accepted with minor revision.  

This chapter describes a compound incised valley system, which is interpreted to 

have formed during a stepped force regression. Detailed outcrop facies architectural 

study of a portion of a >10 kilometer-wide compound incised valley system in the 

Turonian Ferron Notom Delta shows three simple incised valley systems filled with 

different facies associations. The valley fill deposits were mapped with 30 detailed 

measured sections, photomosaics and bedding diagrams. The oldest, IVS 3 forms a 

terrace deposit that erodes directly into hummocky cross-stratified lower shoreface 

deposits. It is filled with fine- to medium-grained tidally influenced deposits, 

characterized by abundant mud-draped cross beds, sparse burrowing, and a bimodal 

paleocurrent-direction pattern. The next youngest IVS 2 locally cuts through the 

valley 3 terrace and also into the lower shoreface deposits. The valley 2 fill comprises 

multi-storey, medium-grained fluvial deposits with minor finer grained, tidally 
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influenced fluvial deposits in the upper 10% of the fill. The youngest, IVS 1, also 

locally cuts into the lower shoreface deposits, partially removing the terraces formed 

by valley 2 and 3. Valley 1 is filled entirely with medium-grained fluvial deposits. The 

composite valley fill records generally increasing fluvial dominance and decreasing 

tidal influence during successive cut-and-fill episodes associated with each simple 

valley fill. This is hypothesized to correlate with a longer term, stepped relative fall of 

sea level, punctuated by standstills, or rises of decreasing amplitudes.  

Chapter 3 is mainly from a paper submitted to Sedimentology, which is 

coauthored by me and my advisor Dr. Janok Bhattacharya and is now in the second 

round of review (Li and Bhattacharya in review). I have collected all the data, drafted 

all the figures, and written most part of the paper and Dr. Bhattcharya did primarily 

the editing of the paper. 

This chapter illustrates a lower delta-plain distributary channel system. 

Distributary channel systems are an important component of deltaic systems, but 

details of their branching pattern, internal variability, complexity, and relationship 

with adjacent levee, bay, and crevasse splays, are rather poorly documented in ancient 

examples. A gooseneck-shaped canyon in the Coalmine Wash area in southern Utah, 

U.S.A. provides 3-D outcrop exposures of a lower delta-plain distributary channel 

system of the Late Turonian Ferron Notom delta. Thirty-two measured sections and 9 

cross sections allow direct mapping and documentation of the branching pattern of a 

distributary system. A main channel belt about 250 m wide narrows to about 200 m 

downstream of the branching point. The subordinate channel belt is about 80 m wide. 

Water discharge from the main channel belt, upstream of the branching point, is 

estimated to be 85-170 m
3
/s. Compared to paleohydraulic estimates of trunk rivers 
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mapped in previous studies (Li et al. 2010), the branching documented in this study is 

probably a 4
th
 order split. The distributary channels are characterized by a U-shaped 

geometry in oblique and strike-oriented cross sections. They are filled with 

medium-grained, cross-bedded sandstone, meter-scale inclined beds, 

ripple-cross-laminated sandstone, and muddy abandoned channel deposits with local 

tide- and wave-influenced deposits. Detailed bedding diagrams indicate a meandering 

channel pattern with local braided threads within the main channel belt. Distributary 

channels erode into adjacent levee and underlying heterolithic bayfill deposits. The 

subordinate channel belt fed a crevasse splay, which is characterized by a coarsening 

upward facies succession consisting of interbedded wave-rippled, current-rippled and 

planar-bedded, very fine-grained sandstone and thin mudstones. 

Chapter 4 is mainly from a paper that co-authored by me, my advisor Janok 

Bhattacharya, Daniel Garza and Sumiyah Ahmed (Li et al. in review). It documents a 

crevasse delta system and discussed the processes of mouth-bar deposition. I have 

collected most of the data used in this paper and part of the data is from Daniel Garza 

and Sumiyah Ahmed. This paper was submitted to Journal of Sedimentary Research 

for review. A crevasse delta is mapped with 18 detailed measured sections, 10 

high-resolution photomosaics and associated bedding diagrams, more than a thousand 

paleocurrent measurements, and 10 clinoform dip directions. The crevasse delta 

prograded toward the west, while the regional delta generally prograded toward the 

east. The crevasse delta was protected from marine influence (wave/tide) by a 

wave-dominated barrier system basinward of the crevasse delta. Facies analysis 

shows that the crevasse delta is river-dominated and is characterized by a coarsening 

upward succession, composing muddy prodelta, heterolithic distal delta front, sandy 
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proximal delta front, and distributary channel deposits. The proximal delta-front 

facies is composed of planar beds which pass upward into meter-scale low-angle cross 

strata, which gradually decrease in dimensions (thickness and width) upward and 

finally change to dune-scale cross beds. Planar bedded and cross-bedded sandstones 

are interpreted respectively to be deposited in inertia-dominated and 

friction-dominated environments. The decrease in dimensions upward of the 

cross-bed sets above the planar beds is interpreted to represent a transition from an 

inertia-dominated to a friction-dominated environment, which is interpreted to be 

mainly due to the filling of accommodation and shallowing of the water.   

Chapter 5 is a summarization of the results of this thesis and suggestions about 

future work. 
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CHAPTER 2 Facies Architectural Study of a Stepped Forced 

Regressive Compound Incised Valley System in the Ferron 

Notom Delta, Southern Central Utah 

2.1 Introduction 

Incised valleys are defined as elongate topographic features, floored by rivers 

that are unable to routinely flood their walls (Zaitlin et al. 1994). In the stratigraphic 

record, incised valley depositional systems are important because their erosional 

margins are assumed to have chronostratigraphic significance as sequence bounding 

unconformities, and the associated overlying fills have economic significance in 

hosting oil and gas reservoirs (Van Wagoner et al. 1990; Dalrymple et al. 1994; 

Posamentier and Allen 1999; Boyd et al. 2006; Dalrymple 2010). However, recent 

studies have questioned the idea that such regional fluvial incision surfaces actually 

represent a geomorphic valley or form a sequence boundary (Holbrook et al. 2006; 

Strong and Paola 2008; Bhattacharya 2011; Holbrook and Bhattacharya 2012). In the 

original sequence stratigraphic literature (e.g. Posamentier et al. 1988; Van Wagoner 

et al. 1990; Shanley and McCabe 1994), it was assumed that degradational landscapes 

were largely eroded during sea-level falls, forming a geomorphic valley-shaped 

regional surface of erosion (i.e. the sequence boundary). These models assumed that 

sediments were largely bypassed across these surfaces into more distal environments, 

such as shelf-edge deltas and lowstand submarine fans. This ñbypass modelò also 

suggests that valleys are only later filled primarily during base-level rise (Boyd and 

Diessel 1994).  

Holbrook and Bhattacharya (2012) proposed an alternate ñcut-and coverò model, 
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in which significant fluvial sediments can be stored on the evolving surface, forming 

falling-stage terraces. True geomorphic valleys form in the areas in between these 

exposed terraces and form a small part of the broader stratigraphic discontinuity. Later, 

these falling-stage terraces may be reworked and covered during rising-stage. Such 

regional erosional surfaces are highly composite and potentially highly diachronous 

stratigraphic discontinuities, which may be covered by a variety of fluvial to 

marine-influenced facies (e.g. transgressive estuarine deposits) that vary widely in age. 

In reality, erosional drainage networks may form basin-scale features with a great 

degree of regional variability in morphology and associated fills. 

The focus of this paper is to document and interpret the detailed facies 

architecture and complex cut-and-fill relationships of part of a regional compound 

ancient valley system, which is well exposed in a series of closely spaced canyon 

walls in the Notom Delta Complex of the Ferron Sandstone Member of the Mancos 

Shale Formation in southern central Utah. Previous sequence stratigraphic studies (Li 

2009; Zhu et al. 2012) indicate that this compound valley system was linked to a 

shoreline and formed over a relatively short time interval, probably in less than 100, 

000 years, within a Milankovitch frequency range. The Ferron valleys were within 

150 km of the shoreline with a costal prism angle of 0.006
0
 (Li et al. 2010); the 

incision depth of the valleys is about 15 m in this study. These information allow us to 

investigate the response of the valley system to relative changes of sea level 

(Ainsworth and Walker 1994; Dalrymple et al. 1994; Garrison and Van Den Bergh 

2006), similar to those documented in studies of Quaternary-age compound valleys 

(Blum 1993).  

Simple incised valley systems are formed through one cycle of incision and 
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deposition, compared to compound incised valley systems which record multiple 

cycles of cut-and-fills (Zaitlin et al. 1994). Incised valley fills can be divided into a 

marine-dominated segment 1 (seaward outer portion); estuarine-dominated segment 2 

(middle portion), and fluvial-dominated segment 3 (landward inner portion) along 

their depositional dip profile (Zaitlin et al. 1994; Boyd et al. 2006). Although there are 

numerous case studies that documented facies organizations of incised valley fills 

(Allen and Posamentier 1993; Blum 1993; Aitken and Flint 1994; Ashley and 

Sheridan 1994; Belknap et al. 1994; Simms et al. 2006; Maynard et al. 2010), there 

are relatively few detailed facies architectural studies of ancient examples in outcrop 

(Martinsen 1994; Willis 1997; Barton et al. 2004; Garrison and Van Den Bergh 2006; 

Plink-Bjorklund and Steel 2006; Li et al. 2010).   

Many examples of stepped forced regressions, associated with marine 

depositional systems, have been documented in the literature (Plint 1988; Posamentier 

et al. 1992; Hamberg and Nielsen 2000; Azeredo et al. 2002; Tamura et al. 2007), 

including the Ferron Notom Delta (Li and Bhattacharya 2011; Zhu et al. 2012), but 

there are far fewer examples that show how coeval valleys evolve during such stepped 

relative sea-level falls (Blum 1993; Zaitlin et al. 1994; Hamilton et al. 2001; Ardies et 

al. 2002). This study attempts to evaluate the possibility of the origin of the Ferron 

compound valley system as a function of a high-frequency, stepped forced regression. 

2.2 Geological Setting and Previous Ferron Work 

The Ferron Sandstone Member of the Mancos Shale Formation consists of a 

series of northeast prograding clastic wedges, shed from the Sevier orogenic belt to 

the west and deposited at the western margin of the late Cretaceous Western Interior 
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Seaway (Hale 1972; Cotter 1975; DeCelles and Giles 1996; Ryer and Anderson 2004) 

(Fig. 1A). Three fluvial deltaic complexes have been identified in the Ferron 

Sandstone, including the informally named ñNotom Deltaò, the ñLast Chance Deltaò 

and the less well exposed ñVernal Deltaò (Hale and Van De Graaff 1964; Hale 1972; 

Cotter 1975; Hill 1982) (Fig. 1B). The Notom Delta is bounded by the Blue Gate 

Shale Member above and Tununk Shale Member below and passes from sandy fluvial 

deltaic facies into muddy marine facies northeastward (Li 2009; Zhu et al. 2012) (Fig. 

1A).  

A recent regional sequence stratigraphic synthesis of the Ferron Notom Delta 

documented 43 parasequences, 18 parasequence sets, and 6 sequences (Li 2009; Zhu 

et al. 2012) (Fig. 2). The compound incised valley system examined in this study is 

placed in Parasequence set 3 of Sequence 1 (Fig. 2B). Based on 
40

Ar/
39

Ar dating of 

sanidine crystals in associated bentonites, the entire Ferron Delta complex is 

estimated as deposited between 91.25 Ma and 90.63 Ma, a total of ~620,000 years 

(Zhu 2010). Sequence 1 is thus estimated to have been deposited in approximately 

100, 000 years.  
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Figure 1. Geological setting of the study area. A) Schematic cross section showing the regional 

stratigraphy of the study area. The Ferron Sandstone Member of the Mancos Shale Formation was 

deposited in the Cordillera foreland basin with the thrusting of the Sevier Orogenic Belt. It is 

bounded below by the Tununk Shale and above by the Blue Gate Shale and pinches out toward 

east into the Mancos Shale (modified after Armstrong 1968). B) Paleogeographic reconstruction 

of the Western Interior Seaway in the late Cretaceous, showing the delta complexes that deposited 

in the Seaway and their associated drainage basins. Notom Delta is one of the delta complexes 

developed in late Turonian and was prograding generally toward northeast as shown (modified 

after Bhattacharya and Tye 2004). Reconstructions are primarily based on Gardner (1995) and 

Williams and Stelck (1975). 



 

10 
 

 

Figure 2. Cross sections showing the regional sequence stratigraphy of the Ferron Notom Delta. 

See Figure 3B for locations of the two cross sections. A) Oblique depositional dip cross section of 

the Notom Delta Zhu (2010). B) Oblique depositional strike cross section of the Notom delta Li 

(2009). This study primarily focused on Parasequence 3. The black rectangle marks the 

stratigraphic location of the study area. See Figure 3 for the locations of the two cross sections. 
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Li et al. (2010) completed a detailed facies architectural study of the compound 

incised valley system of Sequence 1 in the Notom Delta and provided the regional 

framework for the more detailed study presented in this paper. Focusing on outcrops 

extending from Neilson Wash south to the Fremont River, Li et al. (2010) showed a 

regionally extensive erosional surface, marked by significant truncation and 

superposition of coarse-grained fluvial deposits onto marine shoreface deposits, which 

they interpreted to be a sequence boundary (SB1) (Figs. 3 and 4). The erosional 

surface, with a relief of up to 17 m, can be traced for the entire extent of the exposed 

outcrops, suggesting that it is over 10 km in width (Fig. 4). Li et al. (2010) also 

documented 3 episodes of valley incision-and-deposition. They showed the older 

valleys to be finer grained and more tidally influenced throughout their study area 

(Fig. 4). Extraformational conglomerate facies are primarily confined to the youngest 

valley 1 of Li et al. (2010). This study is focused on determining whether the same 

valley architecture and cut-and-fill episodes can be documented in outcrop exposures 

further north along Coalmine Wash (Fig. 3). Detailed descriptions and interpretations 

of environmental lithofacies of the Ferron Notom Delta have been provided by Li et al. 

(2009, 2010), Fielding (2010) and Zhu et al. (2012). 

2.3 Study Area, Methodology, and Data Set 

The study area is located in the Coalmine Wash area near Hanksville in southern 

central Utah and lies about 8 km north of the area studied in detail by Li et al. (2010) 

(Figs. 3 and 4). Thirty measured sections and 5 photomosaics were collected. 

Paleocurrent data were collected and analyzed using the program ñGEOrientò. 

Technical climbing gear was used to access vertical cliff faces where outcrops were 

difficult to walk out. Lithology, sedimentary structure, sediment grain size, bed 
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Figure 3. Basemaps showing the study area. A) Basemap showing Utah and the location of Ferron 

Notom Delta outcrop, which is marked with a black rectangle. B) Basemap showing the 

distribution of Ferron Notom Delta outcrops, the location of this study area which is marked with 

a red rectangle and the location of the study area of Li et al. (2010). XXô and YYô mark the 

locations of cross sections shown in Figure 2. C) Google Earth image of the study area in 

Coalmine Wash showing the locations of outcrop exposures, measured sections, and cross sections 

(CS). 
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thickness, paleocurrent direction, and trace fossils were recorded in the measured 

sections. Correlation of measured sections is based on tracing of erosional surfaces in 

the field and interpretation of high-resolution photomosaics matched to measured 

sections. Sediments in and below the incised valleys are subdivided into different 

lithofacies, according to their overall lithology, biota, and sedimentary characteristics, 

and further combined into depositional facies associations based on their interpreted 

depositional environments. Fluvial and tidally influenced fluvial deposits are analyzed 

by defining and correlating bounding surfaces and associated architectural elements 

using the methodology described by Miall (1986). Channel depths were estimated 

from preserved channel morphology and bar geometry and cross-bed thicknesses 

(Bridge 2000; Leclair and Bridge 2001; Bridge 2003). 
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Figure 4. Composite cross section showing the context of the study area. It shows that the composite incised valley (SB1), which cuts into the lower shoreface 

deposits in Parasequence 4 can be correlated for more than 10 km in an depositional oblique-strike direction from this study area in Coalmine Wash area to Li et 

al. (2010)ôs study area in Neilson Wash to the south (see also Fig. 2). Three simple incised valley systems with similar facies organization are identified in both 

Coalmine Wash and Neilson Wash. It shows that older valleys are more tidally-influenced, while younger valleys are filled with more proximal fluvial facies. 

Valley fill between Coalmine Wash and Neilson Wash are in subsurface, the morphology and filling pattern are uncertain. Data are from Li et al. (2010) and this 

study. See Figure 3B for the location of the cross section. 
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2.4 Lithofacies 

Three depositional facies associations are identified within and outside of the 

incised valley system They include lower shoreface deposits below the incised valley 

system, fluvial channel deposits, and tidally influenced fluvial deposits within the 

incised valley system. Each depositional facies is characterized by distinctive 

lithology, biota, and sedimentary structures. Facies description and interpretations are 

summarized in TABLE 1 and are essentially the same as have been documented by Li 

et al. (2010), Fielding (2010), and Zhu et al. (2012). The essential descriptions and 

interpretations are briefly summarized below.  

2.4.1 Facies Association 1: Shoreface 

Description: Facies association 1 comprises upward coarsening facies 

successions that range from several meters up to 10 m thick, depending on the 

erosional depth of the overlying incised valleys. Thin-bedded bioturbated mudstones 

interbedded with very fine-grained wave-cross-laminated sandstones pass upward into 

thicker hummocky-cross-stratified (HCS) sandstone with thin mudstones (Fig. 5A). 

Chondrites (Fig. 5B), Asterosoma, Thalassinoides (Fig. 5C), Diplocarterion (Fig. 5D), 

Paleophycus, Planolites (Fig. 5E), Rhizocorallium, and Ophiomorpha, define a 

Cruziana ichnofacies (MacEachern et al. 2010). Bioturbation decreases upwards. 

Interpretation: The predominance of wave-rippled and HCS sandstones in a 

coarsening upwards succession with a Cruziana ichnofacies, is typical of a prograding, 

storm-dominated shoreface, as are well described globally (Clifton 2006; Plint 2010). 
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TABLE 1. ðSummery of the major facies recognized below and within the compound incised valley system. See Figure 5, 6, 7 for photos of 

these facies. See Figure 10, 11, 12, 13, 14, 15 and 16 for detailed facies organization in measured sections and bedding diagrams. 

 

Facies    Interpretation             Lithology                   Sedimentary Structures                Biota 

1 Lower shoreface  

(below the incised 

valley) 

 

 

 

 

Heterolithic, interbedded mudstone and 

thin bedded very fine grained sandstone, 

which thickens and coarsens upward to 

interbedded very fine grained sandstone 

and thin bedded mudstone and then 

amalgamated sandstone. 

Abundant planar lamination and wave cross 

lamination in thin bedded sandstone layer, 

thick sandstones commonly show 

hummocky/swaley cross stratification, 

which sometimes grades upward to wave 

cross laminations, mudstones are mostly 

massive due to bioturbation, sometimes 

show normal grading. 

Bioturbation is diverse and abundant. 

Common ichnogenera include: 

Chondrites, Thalassinoides, Planolites, 

Paleophycus, Asterosoma, Rhizocorallium 

and Diplocraterion, the assemblage of 

which suggests a Cruziana Ichnofacies.  

2 Fluvial channel  

(within the incised 

valley) 

Erosionally based, coarse to fine grained 

sandstone with local small pebbles, 

sometimes capped with thin silty 

mudstone. Fining upward pattern is 

obvious in some channel fills. Locally 

abundant intraformational mud clasts up 

to cobble size are present.  

Flutes and tool marks on basal erosional 

surfaces, dune-scale trough and tabular 

cross bedding, large-scale (1-6m) solitary 

cross bedding (lateral accretion surfaces), 

planar bedding, current ripple cross 

lamination. 

Plant debris, logs, and or their 

impressions at the channel base. No 

apparent burrows.  

3 Tidally-influenced 

deposits 

(within the incised 

valley) 

 

Erosionally based, mostly fine grained 

sandstone with locally intraformational 

mud clasts at the base. Sandstones are 

separated by a relatively thin layer of 

mudstone. Interbedded fine-grained 

sandstone and mudstone are present at 

the upper part of the sandy facies. 

Meter-scale (up to 5m) solitary cross 

bedding (lateral accretion) with mud 

drapes, dune scale cross bedding 

(sometimes herringbone cross bedding) 

with double mud drapes and occasional 

reactivation surfaces, which sometimes 

pass laterally into flaser bedding. Local soft 

sediment deformation. 

Mudstones are mostly laminated, rarely 

with lenticular bedding. 

Plant debris. Sparse burrowing in the 

heterolithic interbedded sandstone and 

mudstone, including Planolites and 

Paleophycus. 
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Figure 5. Photos showing lower shoreface deposits in Parasequence 4. A) hummocky cross 

stratification and swaley cross stratification. B) Chondrites. C) Thalassinoides. D) Diplocraterion. 

E) Planolites. 

2.4.2 Facies Association 2: Fluvial Deposits  

Description: Facies association 2 comprises stacked, fining upward sandy facies 

successions, bounded by concave-up scour surfaces. Thickness of fining upward units 

ranges from 1-5 m. Basal facies may comprise localized massive medium- to 

coarse-grained sandstone with abundant extraformational quartz, feldspar, and chert 

pebbles and intraformational mud clasts (Figs. 6A and 6B). Wood logs and coal 
































































































































































































































































































































