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Abstract 

The combined effects of river-flood and tidal processes                                        

on the stratigraphy, ichnology, and stratal architecture of the                      

Cretaceous (Campanian) Loyd Delta near Rangely, Colorado U.S.A. 

 

Timothy John Prather, M.S. Geo. Sci. 

The University of Texas at Austin, 2016 

 

Supervisor:  William Fisher 

Co-Supervisor:  Peter Flaig 

 

The Campanian Loyd Sandstone (Loyd) has been identified in outcrops in the 

Piceance Basin within strata above the Castlegate Sandstone near Rangely, CO. The Loyd 

preserves sedimentary structures, facies, sandbody/shale geometries, and stratal 

architectures characteristic of a mixed river-flood dominated tidally influenced delta. 

Characteristics include abundant low angle planar laminated foresets, flaser-wavy-

lenticular bedding between foresets, trough cross-stratified mouth bars and subaqueous 

terminal distributary channels, and hyperpycnites on the distal delta front to prodelta. The 

Loyd contains a surprisingly high abundance, high-diversity fully marine ichnologic 

assemblage for a delta with river-dominated characteristics. The bulk of these trace fossils 

are found within and at the base of low-angle planar laminated sandstone beds, and in 

flaser-wavy-lenticular beds. Traces display a tiered relationship, with some burrows 

penetrating multiple beds on a meter scale.  

Despite strong evidence in sedimentary structures and sandbody geometries of 

river-dominance, the high abundance high diversity trace fossil assemblage and tidal 

indicators suggest that the bulk of time on the Loyd delta-front is recorded by tidally 

modified fine-grained sediment deposition and extensive bioturbation.  Extended periods 
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of low-energies, low sedimentation rates, and relative quiescence were likely punctuated 

by deposition of sandy traction flows and channelization during river-flood conditions. 

Although the Loyd is grossly similar to the river-flood dominated Panther Tongue 

and Ferron deltas, and contains structures similar to tide-dominated deltas of the Sego 

sandstone, it should not be classified as an endmember example of either type of delta. 

Integrating ichnological analysis to determine how processes fluctuate during an episode 

of deltaic deposition  allows for a refinement of the common delta classification scheme.
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CHAPTER 1:  INTRODUCTION OF PROJECT 

This thesis focuses on the analysis of the sedimentology, ichnology, sandbody/shale 

geometries, and stratal architectures of the Campanian Loyd Sandstone Member of the Mancos 

Shale along outcrops near Rangely, Colorado. This study is presented as a stand-alone manuscript 

in the 2nd chapter of this thesis. 

This investigation is a detailed, outcrop based study that aims to address two hypotheses 

developed from observations of stratigraphy and a new regional sequence stratigraphic correlation 

of Burton et al. (2016):  

1) Sedimentary structures and stratal architectures observed in the Loyd Sandstone appear 

grossly similar to those described from the Panther Tongue delta of the Star Point 

Formation, a classic example of a river-flood dominated delta.  I hypothesize that  the 

Loyd was therefore deposited under similar conditions, an observation that stands in 

contrast to previous interpretations, 

2) Initial investigations of this stratigraphic interval (Painter et al., 2013) assigned the Loyd 

Sandstone to the Sego Sandstone Sequence in the Rangely area, and interpret the Loyd 

interval to be a tide-dominated delta; however, new regional sequence stratigraphic 

correlations by Burton et al. (2016) assign the study area stratigraphy to the Loyd 

Formation. I hypothesize that the while the Loyd contains sedimentary structures and 

architectures characteristic of episodic river-flood deposition similar to the Panther 

Tongue, it also contains ichnologic and sedimentologic evidence of periodic, relatively 

long lived, tide influence and therefore represents a mixed deltaic type.  Additionally I 

hypothesize that the Loyd near Rangely, CO is a distinct sequence from the overlying 

Sego Sandstone and may be tied and compared to the Loyd type section near the town 

of Hamilton, CO (Burton et al., 2016).  
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The results of this study suggest that the Loyd should be classified as a mixed energy river-

flood dominated tidally-modified delta, and these results have implications for delta classification, 

regional stratigraphic and depositional models for this stratigraphic interval, and the applicability 

of this outcrop analog to deltaic reservoirs. 

Ultimately this study serves to demonstrate the importance of integrating sedimentologic, 

ichnologic, and architectural analysis to refine depositional models for deltaic systems and apply 

this detailed analysis to an ancient delta in outcrop.  The vertical and lateral relationship of facies 

associations (environments of deposition) and the distribution, abundance, diversity, and tiering of 

ichnologic assemblages within these facies associations reinforces the concept that deltas are 

temporally and spatially dynamic systems. Sedimentological and architectural data alone is not 

sufficient to accurately characterize deltaic strata without the context provided by the ichnology. 

Failure to consider all data recording variability across all observable time scales may lead to 

misclassification of deltaic strata and therefore the application of the incorrect geologic model to 

reservoir models.  
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CHAPTER 2:  THE COMBINED EFFECTS OF RIVER-FLOOD AND 

TIDAL PROCESSES ON THE STRATIGRAPHY, ICHNOLOGY, AND 

STRATAL ARCHITECTURE OF THE CRETACEOUS (CAMPANIAN) 

LOYD DELTA NEAR RANGELY, COLORADO U.S.A. 

INTRODUCTION 

Laterally extensive outcrop exposures found along the Rangely Anticline surrounding the 

town of Rangely, Colorado in the Piceance Basin (Figs. 2.1, 2.2, 2.3, 2.4) preserve Late Cretaceous 

(Campanian) shallow-marine to continental transitional stratigraphy of the Mesaverde Group (Fig. 

2.5) (Noe, 1984; Stancliffe; 1984; Lawton, 2008; Painter et al., 2013; Burton et al., 2016).  These 

outcrops (Figs. 2.3, 2.4) include strata of the Castlegate Sandstone, Buck Tongue of the Mancos 

Shale Formation (Fm), Loyd and Sego Sandstone Members of the Mancos Shale Fm, and Neslen 

Fm (Fig. 2.5) (Hettinger and Kirschbaum, 2002; Aschoff and Steel, 2011; Burton et al., 2016). 

Outcrops near Rangely therefore preserve the deposits of shelfal, shallow-marine, deltaic, coastal 

plain, and fluvial systems (Noe, 1984; Stancliffe, 1984; York et al., 2011; Painter et al., 2013; 

Burton et al 2016). 

  In a recent study that focused primarily on 55 m of strata above the Castlegate Sandstone 

(Castlegate)  along the northern limb of the Rangely Anticline known as the Coal Oil Rim (Fig. 

2.2), Painter et al. (2013) provided paleoenvironmental interpretations for the sequences found 

above the Castlegate, and ultimately employed a lithostratigraphic approach to correlate these 

strata near Rangely, CO (Piceance Basin, Fig. 2.1B) with sequences of the Sego Sandstone located 

in the Book Cliffs (Uinta Basin, UT).  In contrast to the lithostratigraphic correlations of Painter 

et al. (2013), Burton et al. (2016) employed a regional sequence stratigraphic and biostratigraphic 

approach to correlate sequences above the Castlegate near Rangely to those in the Book Cliffs, 

and also to additional coeval sequences in the Sand Wash Basin of CO and WY (Figs. 2.1B, 2.3).  

Burton et al. (2016) interpret the interval above the Castlegate in Rangely to include one to two 4th 
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order sequences equivalent to the Loyd Sandstone (Loyd) as described from the Sand Wash Basin 

(Konishi, 1959; Dyni and Cullins, 1965), and seven 4th order sequences equivalent to the Sego 

Sandstone (Sego), along with strata assigned to other formations above this interval. The Loyd and 

Sego sequences are equivalent to the Isles sequences as defined in the Sand Wash Basin (Fig. 2.5) 

(Gomez-Veroiza and Steel, 2010) which include the type section of the Loyd Fm near Hamilton, 

CO (Fig. 2.1B). Although several of the Sego sequences can be correlated from the Piceance Basin 

into the Uinta Basin, Burton et al. (2016) indicate that the two Loyd 4th order sequences and the 

basal Sego 4th order sequence are not present in the Book Cliffs (Uinta Basin).  This study focuses 

specifically on the two 4rd order Loyd Sandstone sequences identified by Burton et al. (2016) in 

strata along both the northern and southern limbs of the Rangely Anticline (Figs. 2.2, 2.3, 2.4). 

These Loyd sequences are described by Painter et al. (2013) from the Coal Oil Rim as tide-

dominated delta-front and shoreface deposits. Reconnaissance of the Loyd sequences revealed 

outcrop architecture grossly similar to that of the Panther Tongue of the Star Point Formation, 

which contrastingly is interpreted as a river-dominated delta (Olariu et al., 2005; Olariu et al., 

2010).  
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Figure 2.1: Regional paleogeographic setting and modern basin geography. A. Approximate location of the study area in 

northwestern Colorado along the paleoshoreline of the Cretaceous Western Interior Seaway during the Late Campanian 

(Modified from Roberts and Kirschbaum 1995; Willis and Gabel; 2003, Painter et al., 2013) B. Regional map of 

present-day geography of Laramide age basins and uplifts of northwestern Colorado and northeastern Utah of 

significance to this study (Modified from Gomez-Veroiza and Steel, 2010). The location of the study area is marked 

by a black box. 
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Figure 2.2: Map of the greater Rangely, CO area including the location of measured sections, and the approximate trace of the 

Rangely Anticline. Cross section fence diagrams were constructed from A-A’ along the northern limb of the anticline and from B-

B’ along the southern limb of the anticline. 
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By employing a collaborative approach including sedimentologic, ichnologic, and 

architectural analyses of clastic outcrop sequences researchers can more easily clarify the relative 

physical processes and forcings (e.g. river-flood, tides, waves) that combine to control the 

predominant geometries preserved in outcrop (Hurd et al., 2014, van der Kolk et al., 2015, Flaig 

et al., 2016). This methodology has also been used to refine paleoenvironmental interpretations 

and identify fluctuations in sediment supply, oxygenation of the water column, nutrient 

availability, and salinity variations (MacEachern et al., 2005; MacEachern et al., 2005b; 

MacEachern and Bann, 2008; Hurd et al., 2014). This study aims to re-examine the Loyd 

sequences and refine the depositional model for the Loyd in the Rangely area by integrating 

sedimentologic, ichnologic, and architectural data from outcrop belts along the commonly 

investigated Coal Oil Rim, as well as the rarely described southern limb of the Rangely Anticline 

(Fig. 2.2), and comparing this new depositional model to other select paleoenvironmental models 

in the Cretaceous Western Interior Seaway (CWIS).   
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Figure 2.3: Interpreted photomosaic of The Bowl outcrop and the sequences, contacts, and formations exposed there, including 

the location of figures 2.14 and 2.15 (insets). 
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Figure 2.4: Interpreted photomosaic of The Thirsty Draw outcrop and the sequences, contacts, and formations exposed there, 

including the location of figures 2.13 and 2.17 (insets). 
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REGIONAL STRATIGRAPHIC SETTING AND PREVIOUS WORK 

  The Late Cretaceous Loyd Sandstone (Campanian, 77 - 79 Ma), described from the Sand 

Wash Basin of Northwest Colorado (Figs. 2.1B, 2.5; Konishi, 1959; Dyni and Cullins, 1965), is 

one of a series of clastic wedges that prograded generally eastward into the CWIS foreland basin 

(Figs. 2.1A, 2.5) from the Sevier Orogenic Belt to the west (Jordan, 1981; Hettinger and 

Kirschbaum, 2002; Aschoff and Steel, 2011).  In the Sand Wash Basin the Loyd, also called the 

First Iles Sandstone, lies at the base of what is known as the Iles Clastic Wedge (Figs. 2.1B, 2.5) 

(Konishi 1959; Gomez-Veroiza and Steel, 2010). The Iles Clastic Wedge contains up to 14 distinct 

sand-rich marine sequences, and is bounded below by the Castlegate Sandstone (McLaurin and 

Steel, 2000) and above by the coastal plain deposits of the Neslen Formation  

 

 

 

Figure 2.5: Published ammonite biostratigraphy and generalized lithostratigraphic 

subdivisions for the interval of interest in the Piceance Creek and Sand Wash 

Basins of northwestern Colorado (Konishi, 1959; Gill and Hail, 1975; Hettinger 

and Kirschbaum; 2002; Gomez and Steel, 2010; Modified from Burton et al., 

2016) 
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The Loyd type section is located near the town of Hamilton, CO (Konishi, 1959) (Fig. 

2.1B), lies within the Buck Tongue of the Mancos Shale (Gomez-Veroiza and Steel, 2010), and 

contains ammonite fossils of the Baculites Perplexus complex (~77 – 79 Ma, Fig. 2.5) (Dyni and 

Cullins, 1965). Near Hamilton the Loyd is expressed as an approximately 30 meter thick, greenish-

gray, fine-grained sand-rich succession containing hummocky cross-stratification structureless 

sandstone, and a variety of invertebrate fossils, highly bioturbated intervals, and glauconite (Fig. 

2.6). The Loyd near Hamilton has been interpreted as a mixed current and wave reworked 

shoreface succession (Dyni and Cullins, 1965; Boyles and Scott, 1981; Kiteley, 1983b). 

Reinvestigations of the uppermost 8 m of the Loyd type section near Hamilton reveal greenish-

gray hummocky cross-stratified and structureless sandstone beds containing oyster fossil 

fragments, a variety of marine trace fossils including Bergaueria, Helminthopsis, Ophiomorpha, 

Schaubcylindrichnus, Skolithos, and Thallasinoides, and bar-forms likely produced by wave 

reworking along a shoreface. (Fig. 2.6). The Loyd sequence was thought to be confined to the 

Hamilton area, pinching out to the northwest and southeast (Boyles and Scott, 1981), and dipping 

into the subsurface to the west (Dyni and Cullins, 1965); however, regional correlations by Burton 

et al. (2016) indicate that Loyd correlative stratigraphy extends west into the Piceance Basin. 

In the Piceance and Uinta basins the stratigraphic equivalent to the Iles Clastic Wedge 

includes shale and sandstone of the Buck Tongue, Lower Sego, Upper Sego, and Neslen 

Formations (Fig. 2.5) (Kiteley, 1981; Gomez-Veroiza and Steel, 2010, Karaman, 2012). In the 

Book Cliffs of the Uinta Basin the Sego is interpreted to record deposition along open marine 

(shelf), wave-influenced deltas, tide-dominated deltas, tidally-influenced valleys, and coastal plain 

systems (Willis and Gabel, 2001; Willis and Gabel, 2003; Burton et al., 2016).  The Loyd is 

interpreted to pinch out into the Buck Tongue within the Piceance Basin before reaching the Book 
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Cliffs in the Uinta Basin (Johnson, 2003); however, ammonite fossils belonging to the Baculites 

Perplexus complex have been found in beds within the regionally correlative Buck Tongue marker 

horizon (Gill and Hail, 1975; Kirschbaum and Spear, 2012).  Burton et al. (2016) identified Loyd 

correlative stratigraphy in the Piceance Basin in outcrops along the Rangely anticline (Fig. 2.1B, 

2.2) using wireline logs, outcrops intervals, and published ammonite biostratigraphy. Burton et al. 

(2016) indicate that one to two sand-rich intervals (4th order sequences) that overlie the Castlegate 

Sandstone and are within the Buck Tongue of the Mancos Shale are correlative to the Loyd type 

section in the Sand Wash Basin near Hamilton, and are stratigraphically below the first Sego 

sequence.  The Sego, which sits above the Loyd interval near Rangely, is interpreted to record 

deposition along tidally-influenced deltas, flood-tidal deltas, incised valleys, shorefaces, tidal 

inlets, and barrier island complexes (Noe, 1984; Stancliffe, 1984; York et al., 2011; Painter et al., 

2013). 

Although Painter et al. (2013) identified the Loyd interval in Rangely as strata of the Sego, 

they describe the facies (current and wave-modified ripple laminated sandstone, flaser bedding, 

planar laminated sandstones, and trough-cross stratified sandstone), ichnology (rare Planolites, 

Ophiomorpha, Schaubcylindrichnus, and Thalassinoides), and stratal architectures (stacked 

bedsets) of the Loyd and interpret the stratigraphy to record deposition along a prograding, tide-

influenced delta. They correlate this interval with the Lower Sego sequence in the Book Cliffs 

based on lithostratigraphic correlations and the position of sandbodies above the Castlegate. 

Conversely, Burton et al. (2016) identified this interval near Rangely as Loyd equivalent 

stratigraphy, and describe facies and architectures characteristic of a river-flood dominated yet 

tidally-modified delta. They state that the Loyd is not present in the Book Cliffs. 
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Figure 2.6: Figure includes A. photomosaic of interpreted bed architectures and 

corresponding measured section for  the upper 8 m of Loyd type section in 

Hamilton, CO; and B. hummocky cross-stratification at the Hamilton Loyd type 

section;  Trace fossils at the  type section include C. Ophiomorpha burrow, D. 

Schaubcylindrichnus burrow, and E. Bergaueria burrow on the basal surface of 

bedding. 
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OBJECTIVE 

The purpose of this thesis is therefore to: 1) document the facies, ichnology, sandbody-

shale geometries, stratal architecture, and extent of the Loyd Sandstone sequence near Rangely, 

Colorado and identify the environments of deposition; 2) describe the relative effects of river-

flood, tide, and wave processes on the preserved stratigraphy, 3) discuss the significance of the 

ichnologic assemblage with respect to sediment flux,  salinity variations, and time; 4) compare-

contrast the Loyd deposits with those of the river- dominated Panther Tongue of the Star Point 

Formation and Ferron-Notom delta, and the tidally influenced deltas of the Sego Formation; and 

5) discuss the implications of these results for reservoir modelers. 

 

METHODS 

 A total of 14 measured sections were documented in bluffs along the Rangely Anticline 

near the town of Rangely, CO (Figs. 2.2, 2.8, 2.9, See Appendix) within a study area approximately 

25x15 km in extent. Stratigraphic sections were measured both along the northern rim of the 

Rangely Anticline (Coal Oil Rim) and along the southern rim (Fig. 2.2).  Lithologies, grain size, 

sedimentary structures, bedding dimensions, body fossils, trace fossils, and surfaces were 

documented for each measured section (Figs. 2.7, 2.8, 2.9). Fence diagrams were produced along 

a line from “The Corral” to “Reservoir West” (A-A’, Figs. 2.2, 2.8) and “The Radio Tower” to 

“The Nodding Donkey” (B-B’, Figs. 2.2, 2.9) to provide a context for potential strike and dip 

variability in facies, stratal architectures, stratigraphic thickness, and paleoflow.  Facies 

associations (environments of deposition) were correlated regionally using facies stacking 

patterns, grain size trends, ichnological patterns, and the distribution of key surfaces.  A total of 

140 paleocurrent orientations were recorded from trough cross-stratification, corrected for 

magnetic declination and structural dip, and plotted as rose diagrams using GeOrient software. 
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Figure 2.7: Legend for figures 2.8, 2.9, and appendix. 

  

High resolution photomosaics (e.g. Figs. 2.3, 2.4) were recorded using a Nikon D 800 SLR camera 

and 200-400 mm Nikkor lens mounted on a GigaPan robotic pan-head. These photomosaics were 

used to give both lateral and vertical context to the measured sections and provide additional 

information about sandbody/shale geometries and stratal architectures. 
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Figure 2.8: Stratigraphic cross sectional correlation of the Loyd Sandstone exposed along the northern limb of the Rangely 

Anticline along with corresponding interpreted depositional environments and major surfaces. 
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Figure 2.9: Stratigraphic cross sectional correlation of the Loyd Sandstone exposed along the southern limb of the Rangely 

Anticline along with corresponding interpreted depositional environments and major surfaces. 
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FACIES ANALYSIS 

The Loyd Sandstone Member of the Mancos Shale in the Rangely area contains 6 distinct 

facies (Fig. 2.10, Table 2.1). Facies are categorized based on grain size, sedimentary structures, 

lithology, and bedding surface geometries (Fig. 2.10, Table 2.1). Facies were combined into 5 

facies associations based on predominant facies, vertical-lateral facies relationships, trace fossil 

distribution, key surfaces, sandbody and shale geometries, stratal architectures, and stacking 

patterns, (Table 2.2). Facies associations (Figs. 2.11-2.18, Table 2.2) record deposition in 

environments including: Marine Shelf (FA-I), Prodelta (FA-II), Distal Delta Front (FA-III), 

Proximal Delta Front (FA-IV), and Wave Reworked Delta Front (FA-V). 

 

 

Facies Sedimentary Structures 

and Grain Size 

Color Upper/Lower 

Contacts 

Bed 

Thickness 

Diagnostic Features 

F-1 Structureless to planar 

laminated siltstone and shale 

brown, 

gray, black 

Sharp/unexposed 10s to 

100s of m 

Common gypsum 

veins, rounded gray 

nodular weathering 

F-2 Combined-flow ripple cross-

laminated to planar- 

laminated sandstone 

tan sharp/ erosive - 

bioturbated 

5 - 20 cm Common mud drapes 

on cross-lamination  

F-3 Flaser-wavy-lenticular 

bedded siltstone 

gray, 

tan 

sharp/truncated - 

erosive 

2 - 20 cm Isolated sand lenses 

encased in silt with 

variable thickness 

F-4 Low-angle planar- laminated 

sandstone 

tan sharp/ erosive - 

bioturbated 

10 - 60 cm Common vertical 

Ophiomorpha burrows 

F-5 Trough cross-stratified 

sandstone 

tan, white bioturbated - 

sharp/erosive 

15 - 60 cm Abundant mud rip-up 

clasts and mud drapes 

on cross-beds 

F-6 Hummocky cross-stratified 

sandstone 

tan sharp/erosive 5 - 40 cm Rare, regionally 

restricted facies  

 

 

Table 2.1: Facies of the Loyd Sandstone Member of the Mancos Shale near Rangely, CO 
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Figure 2.10: Outcrop images of representative examples of Facies 1–6. Figure includes: A. 

F-1 (structureless shale and siltstone) along the basal contact of the Buck Tongue and the  

Loyd; B. cross section view of F-2 (combined flow ripple laminated sandstone); C. inter- 

bedded F-2 and F-3 (flaser-wavy-lenticular bedded siltstone); D. interbedded F-3 and F-4 

(low-angle planar laminated sandstone);  E. F-5 (trough cross-stratified sandstone); and  F. 

F-6 (hummocky cross-stratified sandstone). 
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Facies 

Designation 

Inclusive 

Facies 

Ichnology Diagnostic Features Sand/

Shale 

Ratio 

Thickness/ 

Width 

Range 

Predominant 

Architectures 

and Geometries 

       

FA-I  

Marine 

Shelf 

F-1, F-2 He, Pa, Ph, 

Pl, Te 

Dominated by F-1 with 

rare, thin (<0.15 m), 

interbedded sands  of F-2 

<0.1 10s to 100s 

of m/10s to 

100s of km 

Massive and 

unconfined 

laterally 

FA-II 

Prodelta 

F-1, F-2,           

F-3, and            

rare F-4 

Ar, Be, Co, 

Cr, Di, Gy,  

Op, Pa, Ph, 

Pi, Pl, Sk, 

Te, Th 

Predominantly F-1 and F-

3 (<0.4 m) with abundant 

thin interbedded sands 

(<0.2 m) of F-2 and rare 

interbedded sands of F-4 

(<0.4 m) 

0.1-

0.5 

0.8-3.0 m/            

10s to 1000s 

of m 

Tabular and 

lensoidal 

sandstone within 

tabular packages 

of silt and shale 

FA-III 

Distal Delta 

Front 

F-2, F-3,              

F-4, F-5 

Ar, Be, Co, 

Cy, Di, Gy, 

He, Lo, 

Ma, Mo, 

Op, Pa, Ph, 

Pi, Pl, Pr, 

Rh, Sa, Sc, 

Sk, Sl, Ta, 

Te, Tr, Th, 

High incidence of low-

angle planar-laminated 

sandstones (F-4) (<0.6 m) 

with tops modified to 

combined flow ripple 

laminated F-2 (<0.1 m). 

Interbedded with F-3 

(<0.25 m). High diversity 

trace fossil assemblage. 

0.75 – 

0.9 

3-10 m/ 10s 

to 1000s of 

m 

Tabular 

sandstones  

channels form 

sandbodies 

FA-IV 

Proximal 

Delta Front 

F-4, F-5,         

rare F-2 

Di, Op, Pa, 

Pl, Th, Sc, 

Sk 

Erosionally based 

sandstones dominated by 

trough cross-stratification 

(F-5) (<0.6 m).  

0.85-

1.0 

2-6 m/ 10s 

to 1000s of 

m 

Amalgamated 

tabular sandstones 

and arcuate  

channel form 

sandstones  

FA-V   

Wave 

Modified 

Delta Front 

F-5, F-6 Op, Pl, Th Abundant hummocky to 

rare swaley cross-

stratification of F-6 (<0.3 

m). 

N/A 0.2-3.5 m/            

100s of m 

Tabular 

sandstones, flaggy  

Facies Association I (FA-I): Marine Shelf 

Description  

Deposits of FA-I (Fig. 2.10A, Table 2.2) are found below the basal contact and above the 

uppermost surface of the Loyd Sandstone Sequence (Fig. 2.8, The Corral, 0-3 m; Fig. 2.14). These 

deposits contain structureless to laminated shale and silt (F-1, Table 2.1), rare, thin (< 20 cm) beds 

Table 2.2: Facies associations of the Loyd Sandstone near Rangely, CO 
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of (F-2) (Fig. 2.10B), and the lowest (< 0.1) sandstone/shale ratio of any observed facies 

association. The trace fossil assemblage in FA-I includes Helminthopsis (He), Palaeophycus (Pa), 

Phycodes (Ph), Planolites (Pl), and Teichichnus (Te) (Figs. 2.18, 2.19). 

Interpretation  

FA-I is interpreted to record deposits found along a marine shelf. The abundant shale and 

siltstone of F-1 (Fig. 2.10A) record fine-grained suspension settling of muddy plumes that 

extended down dip of the bulk of sand-rich sediment input (Fielding, 2010).  Rare, thin (< 0.1 m), 

sandstone beds of F-2 record the most distal, sand-rich sediment gravity flows from up-dip deltas 

in the Rangely area (Hurd et al., 2014). The trace fossil assemblage in FA-I is dominated by traces 

indicative of exclusively marine salinities (Table 2.3). This suggests that FA-I was far removed 

from the effects of any potential freshwater influence (MacEachern and Bann, 2009). 

 

Facies Association II (FA-II): Prodelta 

Description 

Deposits of FA-II are typically found at the base of the Loyd Sandstone and coarsen upward 

out of the underlying marine shelf (FA-I) (Fig. 2.9, Nodding Donkey, 0-3.5 m). Although FA-II is 

not evident in all outcrops, when present FA-II transitions stratigraphically upward into distal delta 

front deposits of FA-III, (Figs. 2.11-2.14).  FA-II ranges in thickness from 0.5-3.0 m thick, 

comprising shale and siltstone of F-1 and F-3 interbedded with relatively thin (< 0.3 m) sandstone 

of F-2 with tabular and lensoid geometries (Figs. 2.10C, 2.11, 2.12, Tables 2.1, 2.2). Relatively 

thin (< 0.3 m) beds of F-4 are interbedded with other facies in FA-II. These sandstone beds (F-2, 

F-4) commonly display inverse grading at their base that transitions upward into normal grading. 

The basal contacts of sandbodies of F-2 and F-4 are commonly bioturbated and form a sharp 
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boundary with the underlying shale and siltstone of F-1 and F-3. FA-II has a low (< 0.5) 

sandstone/shale ratio relative to the facies associations that typically overly it (FA-III, FA-IV). The 

trace fossil assemblage in FA-II includes Arenicolites (Ar), Bergaueria (Be), Conichnus (Co), 

Crossopodia  (Cr), Diplocraterion (Di), Gyrochorte (Gy), Ophiomorpha (Op),  Pa, Phy, 

Piscichnus (Pi), Pl, Skolithos (Sk), Te, and Thalassinoides (Th) (Fig. 2.18, 2.19).  

Interpretation 

The repetition of shale-siltstone (F-1 and F-3) and laminated sandstone (F-2 and F-4), the 

interfingering nature of those facies (Figs. 2.11, 2.12), the marine trace fossil assemblage, and low 

the sandstone to silt-mudstone ratio is characteristic of prodelta environments subjected to 

recurring episodes of sand-rich distal traction outflow and fine-grained sediment plume suspension 

settling fed by hypopycnal plumes from river-floods (Wright, 1977; Olariu and Bhattacharya, 

2006; Bhattacharya and McEachern, 2009). Shale and siltstone of F-1 are interpreted to record 

predominantly suspension settling of fines out of hypopycnal plumes (Wright, 1977) while 

sandstones (F-2, F-4) are interpreted to record the distal most reach of hyperpycnal traction flows 

generated during river-flood events, which can be modified by waves and tides to form combined-

flow ripple cross lamination in some beds (Bhattacharya and MacEachern, 2009; Hurd et al., 

2014). The trace fossil assemblage in FA-II prodelta deposits is characteristic of the Cruziana 

ichnofacies evidenced by the presence of relatively abundant and diverse, fully marine resting and 

deposit feeding traces indicative of a shelfal setting with fully marine salinities (Table 2.3) and a 

shifting substrate (Gingras et al., 1998).  
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Figure 2.11: Outcrop image and corresponding measured section (Nodding Donkey) of Facies Associations FA-II (Prodelta), FA-

III (Distal Delta Front), and FA-IV (Proximal Delta Front) of the Loyd Sandstone. Arcuate-form, erosionally based sandbodies 

(Ch1, Ch2) are interpreted to be subaqueous terminal distributary channels.  Ch1 = Channel 1, Ch2 = Channel 2. 
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Figure 2.12: Detailed outcrop image from Big Park Road of FA-II and FA-III. Person is ~2 m tall. 
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Facies Association III (FA-III): Distal Delta Front 

Description 

Deposits of FA-III overlie prodelta deposits (FA-II) and underlie and transition up 

stratigraphic section into proximal delta front deposits (FA-IV) (Fig. 2.8, Thirsty Draw, 3-12 m; 

Figs. 2.11-2.16).  FA-III ranges in thickness from 3-10 m.  Deposits of FA-III consist 

predominantly of low-angle planar laminated sandstone (F-4, 10-40 cm thick) with tabular 

geometries and combined-flow ripple laminated tops (F-2) interbedded with comparatively thin 

flaser-wavy-lenticular bedded siltstone (F-3, 5-20 cm thick) (Figs. 2.10B, 2.10C, 2.11-2.16, 2.20A, 

2.20B). Rare beds of F-5 are found within FA-III. Common arcuate incisions filled with F-4 are 

found in FA-III which cut into the underlying deposits and truncate beds laterally (Figs. 2.11, 2.13, 

2.15, 2.16). Beds of F-4 exhibit low angle dipping clinoform geometries when exposed in a dip-

oriented outcrop (Fig. 2.16). Combined-flow ripples are commonly draped with mud (Fig 2.10B). 

FA-III typically has a sandstone/shale ratio ranging between 0.75 and 0.9. The basal contacts of 

the low-angle planar laminated sandstone (F-4) are typically sharp to erosional; however, basal 

surfaces can be heavily bioturbated by a high-abundance trace fossil assemblage (Fig. 2.20C) and 

may be cross cut by vertical burrows of Ophiomorpha which extend several decimeters into the 

underlying silt and shale of F-1 and F-3 (Fig. 2.20B). The trace fossil assemblage in FA-III 

includes Ar, Be, Co, Cylindrichnus (Cy) Di, Gy, Helminthopsis (He), Lockeia (Lo), Macaronichnus 

(Ma), Monocraterion (Mo), Op, Pa, Ph, Pi, Pl, Protovirgularia (Pr), Taenidium (Ta), Te, 

Teredolites (Te), Th, Rhizocorallium (Rh), Saggitichnus (Sa), Schaubcylindrichnus (Sc), Scolicia 

(Sl), and Sk,. 
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Figure 2.13: Outcrop image from Thirsty Draw of interbedded F-3 and F-4 beds within FA-III. Incision surface 

is related to channelization and passive filling of a subaqueous terminal distributary channel with distal mouth 

bars deposits (hyperpycnites). Person is ~2 m tall. 
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Figure 2.14: Outcrop image from The Bowl of typical Facies Association stacking patterns and sandbody/shale 

geometries within the delta front environment. Facies Associations transition upward from prodelta to distal delta front 

to proximal delta front. Height of the Loyd outcrop from the basal prodelta exposure to the top of the proximal delta 

front is ~10 m. Overlying the Loyd are the sequences of the Sego formation. 
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Interpretation 

FA-III is interpreted to record distal delta front deposits. The abundant tabular low-angle 

planar laminated sandstones of F-4 in FA-III are characteristic of traction deposits (hyperpycnal 

flows) laid down along distal subaqueous delta-front mouthbars (Olariu and Bhattacharya, 2006; 

Fielding, 2010; Hurd et al., 2015). The arcuate incisions with channel-form geometries (Figs. 2.11, 

2.13, 2.15, 2.16) are characteristic of subaqueous terminal distributary channels either actively 

filled with sand or passively filled with the F-4 distal mouthbars (Olariu and Bhattacharya, 2006; 

van der Kolk et al., 2015; Flaig et al., 2016). Abundant mud drapes on ripple cross-laminations 

and the abundant interbedded flaser-wavy-lenticular bedded siltstones of F-3 are interpreted to 

record tidal influence on the system (Bhattacharya and Willis, 2001; Willis and Gabel, 2001; 

Dalrymple and Choi, 2007). A higher sandstone/shale ratio (> 0.75 and commonly > 0.9) and the 

abundance of low-angle planar laminated sandstone (F-4) differentiate the distal delta front from 

the prodelta in the Loyd (Olariu and Bhattacharya, 2006). The facies stacking pattern, sandbody 

and shale geometries, and overall architectures of the sandbodies of F-4, along with the dip of 

clinoforms within FA-III (< 5° to the north-northwest along the Coal-Oil Rim outcrops) indicate 

that FA-III records progradational foresets on the front of a delta (Bhattacharya, 2006; Fielding, 

2010). The trace fossil assemblage of FA-III is high-diversity and high-abundance, with up to 22 

different traces evident. Additionally, these traces exhibit a tiered pattern within FA-III, with many 

traces occurring on bedding surfaces, others within beds, and Ophiomorpha traces commonly 

extending through several beds (1+ meters) of F-3 and F-4 (Figs. 2.18, 2.19, 2.20B, 2.20C).  The 

assemblage is interpreted to be a high-diversity expression of a mixed Cruziana-Skolithos 

ichnofacies due to the presence of abundant deposit feeding, resting, and dwelling burrows that 
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are typical of fully marine salinities (Table 2.3) and vertical traces representing colonization of a 

shifting substrate (Gingras et al., 1998; Pemberton et al., 2001).  

 

Facies Association IV (FA-IV): Proximal Delta Front 

Description 

Deposits of FA-IV are found at the top of the Loyd Sandstone sequence and are consistently 

overlain by a relatively thick (> 5.0 m) succession of marine shelf deposits (FA-I) (Fig. 2.9, 

Nodding Donkey, 8.5-13.5 m). FA-IV ranges in thickness from 2-6 m and consist predominantly 

of trough cross-stratified sandstone (F-5) and low-angle planar laminated sandstone (F-4) (Figs. 

2.10D, 2.10E, 2.11, 2.13, 2.14, 2.15, 2.16). While the beds of F-4 in FA-IV typically exhibit tabular 

geometries, they may also grade laterally into amalgamated, stacked sandbodies containing F-5 

(Figs. 2.15, 2.16). The basal contacts of F-5 sandstones are erosive, and commonly exhibit arcuate 

geometries. The erosive contact may also transition laterally into a non-erosive draping contact 

(Fig. 2.15). FA-IV is the most sand rich interval within the entire Loyd Sandstone sequence and 

has a sand/shale ratio between 0.85 and 1.0. Trace fossils in FA-IV include Op, Pa, Pl, Th, and Sc. 

Where the upper surface of the Loyd is exposed, the top of FA-IV below the overlying FA-I 

deposits contains a network of Ophiomorpha burrows (Fig. 2.19H). 

Interpretation 

FA-IV is interpreted to record proximal delta front deposits containing interbedded 

proximal mouthbars and proximal terminal distributary channels on the delta front. The stacked, 

erosively based, trough cross-stratified sandstones of F-5 and low-angle planar cross-stratified 

sandstones of F-4 with tabular geometries are characteristic of the most proximal part of 

subaqueous mouthbars (Fielding, 2010; Hurd et al., 2015; van der Kolk et al., 2015). The arcuate 
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geometries filled with F-5 are interpreted to be amalgamated proximal terminal distributary 

channel complexes (Olariu and Bhattacharya, 2006; Fielding, 2010; Flaig et al., 2016). The higher 

sandstone/shale ratio (>0.85), abundance of unidirectional current-generated sedimentary 

bedforms, abundance of arcuate incisions and channel forms, and a low diversity and low 

abundance trace fossil assemblage differentiates the proximal delta front from the distal delta front 

(Olariu and Bhattacharya, 2006; Hurd et al., 2015). The trace fossil assemblage of FA-IV is 

relatively low-diversity compared to the underlying FA-III, with only 5 documented traces; 

however, abundant erosion surfaces present in FA-IV and the erosive nature of these mouth bar 

and channel complexes may reduce the preservation potential of trace fossils by removing previous 

deposits containing trace fossils (Gingras et al., 1998; MacEachern et al., 2005). The trace fossil 

assemblage is interpreted to be an expression of the Skolithos ichnofacies due to the abundance of 

vertical traces (Fig. 2.19) in an environment likely subjected to periods of high sediment influx 

and high deposition rates alternating with phases of relative quiescence (Pemberton et al., 2001; 

Hurd et al., 2015).  The presence of abundant Ophiomorpha networks on the uppermost surface of 

the Loyd (Fig. 2.19H) is interpreted to record long-term substrate colonization during the 

transgression above the Loyd Sequence (Hwang and Heller, 2002). 
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Figure 2.15: Outcrop image from The Bowl depicting the lateral and vertical transition of Distal Delta Front (FA-III) deposits into 

Proximal Delta Front (FA-IV) deposits and the channelized nature of these deposits. Figure includes interpretive erosion surfaces 

separating channels. Ch1= Channel 1, Ch2= Channel 2, Ch3= Channel 3, Ch4= Channel 4 
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Figure 2.16: Outcrop image from Thirsty Draw depicting the lateral and vertical transition of Distal Delta Front 

(FA-III) deposits into Proximal Delta Front (FA-IV) deposits and the foreset clinoform geometries present. Figure 

includes interpretive erosion surfaces separating channels. Ch1= Channel 1. 
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Facies Association V (FA-V): Wave Modified Delta Front 

Description 

Deposits of FA-V are regionally restricted in the Rangely area, and only occur above FA-IV or are 

interbedded with FA-IV (Fig. 1.9, Radio Tower, 2.5-6 m).  These deposits range in thickness from 

0.2-3.5 m and consist predominantly of erosionally based beds of hummocky cross- stratified 

sandstone (F-6) along with trough cross-stratified sandstone (F-5) (Figs. 2.10F, 2.17). Trace fossils 

in FA-V include Op, Pl, and Th. 

 

 

 
Figure 2.17: Outcrop image from the Radio Tower section of the exposure of FA-V (Wave 

Modified Delta Front) deposits. 
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Interpretation 

FA-V is interpreted to represent wave modified delta front deposits that occur on the 

flank of a delta, or on the abandoned portion of the delta that is removed from the direct 

influence of river-flood processes (Hurd et al., 2015). These hummocky cross-stratified deposits 

were likely proximal delta front deposits, evidenced by the trough cross-stratified sandstones 

they typically overlie (Fig. 2.17), which were reworked by wave-generated currents during storm 

events (Fielding, 2010; Hurd et al., 2015). The confined regional and lateral extent of these 

deposits provides evidence against this facies association recording shoreface deposits (Hurd et 

al., 2015). Because FA-V is rare, the relatively low abundance and low diversity of trace fossils 

may be due to the combination of the lack of exposed outcrops containing this association and 

the erosive nature of this depositional environment (Gingras et al., 1998).  

ICHNOLOGY ANALYSIS 

A total of 26 ichnogenera were identified in the Loyd and include Arenicolites, Bergaueria, 

Conichnus, Crossopodia, Cylindrichnus, Diplocraterion, Gyrochorte, Helminthopsis, Lockeia, 

Macaronichnus, Monocraterion, Ophiomorpha, Palaeophycus, Phycodes,  Piscichnus, Planolites, 

Protovirgularia, Rhizocorallium, Sagittichnus, Schaubcylindrichnus, Scolicia, Skolithos, 

Taenidium, Teichichnus, Teredolites, Thalassinoides. These traces may be categorized, by the 

salinity tolerances of the fauna associated with these traces into: 15 fully marine traces, 11 marine, 

brackish, or freshwater traces, and no exclusively freshwater traces (Table 2.3). The most abundant 

traces observed include Be, Op, Pa, Ph, Pi, Pl, Sc, Sk, Te, and Th while common traces observed 

include Ar, Co, Di, Gy, He, Lo, Rh, Sl, and Tr. The remaining traces, Cr, Cy, Ma, Mo, Pr, Sa, and 

Ta, are less common across all outcrops. The prodelta and distal delta front of the Loyd contains a 

high diversity, high abundance, trace fossil assemblage which exhibits a tiered hierarchy of 

bioturbation both on bedding surfaces and within the bedding of low angle planar and ripple 

laminated hyperpycnite beds (F-2, F-4), within flaser-wavy-lenticular siltstone beds (F-3), and  
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common vertical Ophiomorpha burrows cross-cutting several low angle planar distal mouthbar 

beds (F-4) (Figs. 2.18, 2.19, 2.20B. 2.20C; Table 2.2, Table 2.3). Depth of penetration is relatively 

shallow (<10 cm) for trace fossils along bedding surfaces, commonly reaches depths equal to 

bedding thickness (<70 cm) for trace fossils within beds, and is deep (1+ m) for maximum depth 

of penetration, facies crossing, Ophiomorpha observed within the delta front. Generally the 

diversity and abundance of trace fossils reaches a maximum in the distal delta front (FA-III), 

decreases slightly down section into the prodelta (FA-II) and decreases greatly up-dip to the 

proximal delta front (FA-IV) (Figs. 2.8, 2.9). 

 

 

 

Dominant Salinity Trace fossils 

Marine Bergaueria, Crossopodia, Diplocraterion , 

Gyrochorte, Helminthopsis, Macaronichnus, 

Monocraterion, Ophiomorpha Phycodes, 

Rhizocorrallium, Schaubcylindrichnus, 

Taenidium, Thalassinoides, Teichichnus, 

Teredolites 

Marine, Brackish, or Freshwater Arenicolites, Conichnus, Cylindrichnus, Lockeia, 

Palaeophycus, Piscichnus, Planolites, 

Protovirgularia, Sagittichnus, Scolicia, Skolithos 

Freshwater N/A 

 

 

 

 

 

 

 

Table 2.3: Dominant salinity of trace fossils found in the Loyd Sandstone near Rangely, 

CO 
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Figure 2.18: Figure includes A. Sagittichnus (Sa), Lockeia (Lo), and Planolites (Pl); B. 

Piscichnus (Pi), a fish nesting burrow; C. Bergaueria (Be), a resting or dwelling trace of 

suspension feeders; D. atypical expression of Bergaueria (Be); E. Arenicolites (Ar) and 

Conichnus (Co); F. Crossopodia (Cr) and Planolites (Pl); G. Phycodes (Ph), a deposit-feeding 

trace characteristic of marine environments and; H. Teredolites (Tr), a dwelling and feeding 

trace made by wood-boring bivalves or suspension feeders. 
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Figure 2.19: Figure includes A. Ophiomorpha (Op) within a bed of F-4;  B. Ophiomorpha 

(Op), Planolites (Pl), Scolicia (Sl), Teichichnus (Te), and Thalassinoides (Th)  within F-2 and 

F-3;  C. Diplocraterion (Di), a dwelling burrow of a suspension feeder;  D.  Cylindrichnus 

(Cy) ; E. Teichichnus (Te); F. dense distribution of deeply penetrating Ophiomorpha (Op) 

within F-4;  G. Schaubcylindrichnus (Sc), a marine dwelling or feeding burrow within F-5; 

and  H. Abundant horizontal  networks of  Ophiomorpha (Op) along the contact between the 

top of the Loyd and the overlying marine shelf deposits. 
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Figure 2.20: Photographs of FA-III (distal delta front) and trace fossil tiering patterns 

associated with these deposits. Figure includes A. stacked, repeating, fine grained beds of F-3 

and sand-rich F-4 beds within FA-III;  B. deeply penetrating (~1 m) Ophiomorpha (Op), 

cutting through multiple F-3 and F-4 beds; and C. heavily bioturbated basal bedding surface 

of F-4 including: Arenicolites (Ar), Bergaueria (Be), Conichnus (Co), Lockeia (Lo), 

Paleophycus (Pa), Phycodes (Ph), Planolites (Pl), and Thalassinoides (Th). 
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DEPOSITIONAL MODEL FOR THE LOYD SEQUENCE NEAR RANGELY 

 Similar to what is described in the regional sequence stratigraphic correlation of Burton 

et al. (2016), I observe up to two stacked 4th order sequences of the Loyd along the Coal-Oil Rim 

outcrop belts north of Rangely in the Wall, Thirsty Draw, and Reservoir West Sections (Fig. 2.8) 

that correlate to the Loyd 1 and Loyd 2 sequences of Burton et al. (2016).  In the outcrop belt 

along the South Rim of the anticline only the upper Loyd 4th order sequence (Loyd 2) is 

exposed, although some outcrops contain a succession of repetitious stacked deltaic 

environments suggesting that lower order sequences of delta lobes were likely deposited on top 

of each other (Fig. 2.9, White Ridge Section).   

Facies, architectural, and ichnologic analyses of these Loyd sequences reveal an 

abundance of such facies as low-angle planar-laminated and trough cross-stratified sandstone, 

exclusively marine to brackish salinity tolerant trace fossils, and such architectures as channel-

forms and stacked sheet sands interbedded with finer-grained intervals with clinoform 

geometries dipping in the direction of recorded paleocurrents. These facies, architectures, and the 

associated ichnologic suite are characteristic of deposits found along a prodelta and delta front 

(Bhattacharya, 2006; Fielding, 2010).  In Loyd sequences, paleoenvironments transitions up 

stratigraphic section from interbedded mud, silt, and sand of the prodelta to sand-rich mouthbars 

and channels of the distal and proximal delta front, displaying a progressive coarsening-upward 

trend in grain size, a trend typical of deltaic deposits (Bhattacharya, 2006). The regional vertical 

and lateral relationship between paleoenvironments, low angle dipping foresets, and paleocurrent 

indicators reveals that environments grade from the distal to proximal delta front up depositional 

dip (Figs. 2.8, 2.9, 2.16).  The Loyd sequences along the Rangely anticline do not contain strata 

that transition from proximal delta front to coastal plain deposits. There is no evidence of 

freshwater or continental trace fossil assemblages, subaerially exposed distributary channels, 
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paleosols, or any other depositional environments common to continental settings (van der Kolk 

et al., 2015). Both the Lower (L1) and Upper Loyd (L2) proximal delta front deposits are instead 

overlain directly by marine shelf deposits, indicating a regional flooding surface above the Loyd 

(Burton et al., 2016). This suggests that either subaerial lower delta plain environments were 

never deposited in the Rangely area because the area was always down dip of the delta plain, or 

that if coastal plain sediments of the Loyd sequences were deposited in the Rangely area, they 

were ultimately removed by erosion during the subsequent transgression; however there is no 

evidence of transgressive lags typically preserved above the truncated proximal delta front 

environment to suggest that this is the case. This pattern of erosion of proximal deltaic deposits 

is observed in other CWIS deltas such as the Panther Tongue of the Star Point Formation and the 

Peay Sandstone Member of the Frontier Formation (Bhattacharya, 2006; Hwang and Heller, 

2002; Hurd et al., 2014) and suggests that these deltas were truncated by ravinement surfaces 

during the subsequent marine transgression following the end of a regressive phase of delta 

progradation. 

Published regional evidence (Burton et al., 2016) also shows that the Loyd sequences 

record deposition in some areas near Rangely on up to two deltaic lobes separated by a marine 

flooding surface (Figs. 2.8, 2.9, 2.21). A schematic paleoenvironmental reconstruction based on 

the distribution of depositional environments along the north and south rim of the Rangely 

Anticline (Figs. 2.8, 2.9), paleocurrent orientations, and previous interval thickness mapping in 

the Rangely area (Burton et al., 2016) is depicted in Figure 2.21.  Figure 2.21 illustrates a time-

slice just prior to the marine flooding surface over the L2 Sequence (Figs. 2.8, 2.9). The 

representation of the Loyd Sandstone as a single large delta lobe, with additional subordinate 

lobes, is meant to simplify the complex stratal relationships within deltaic strata that lack clear 
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age control for the timing of deposition. Additionally, the lack of outcrop exposure of the Lower 

Loyd sequence (L1) makes mapping the distribution of this component of the Loyd difficult 

without nearby subsurface control points. Distribution of depositional environments are inferred 

beyond the location of measured sections to further simplify the depositional model. 

Paleocurrent mean vectors derived from trough cross-bedding directions at each study 

site display a variation in azimuth from 144°  along the southern outcrop belt to 326° along the 

northern outcrop belt, representing an approximately 180° variation in paleocurrent mean vectors 

(Fig. 2.21). This wide range in paleocurrent directions may be a product of the bifurcation and 

dispersion of tens to hundreds of distributary channels along the proximal delta front along 

several smaller delta lobes (Olariu and Bhattacharya, 2006).  

The presence of wave modified delta front deposits overlying proximal delta front 

deposits (Fig. 2.8, Walkabout Draw; Fig.2.9 Radio Tower; Fig. 2.21) along the northwestern part 

of the field area may record portions of abandoned delta lobes or delta flank environments 

reworked by waves during storm events (Hurd et al., 2014). The distribution of these deposits 

may be related to a north-northwestern component to the prevailing westerly wind pattern 

direction within the northern reaches of the Western Interior Seaway during the late Cretaceous 

(Elder, 1988; Fanti, 2009), which would have driven waves from north to south and affected the 

Loyd preferentially along the northern margins of the delta. 
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EVIDENCE FOR RIVER-FLOOD DEPOSITS AND TIDAL INFLUENCE  

The most commonly used classification system (Galloway, 1975) for ancient deltaic 

systems relies on identifying the predominant sedimentary structures and sandbody/shale 

Figure 2.21: Schematic diagram of the Loyd 

depositional environment distribution just 

prior to the transgression forming the L2 

flooding surface. Illustration as a multiple lobe 

delta complex is based on variations in 

paleocurrent mean vectors, fence diagrams, 

and stacking patterns in outcrop.   
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geometries to assess the relative influence of river-flood, wave, and tidal energy that affected 

deposition along the delta, particularly the delta front (Olariu et al., 2005; Hampson et al., 2008; 

Bhattacharya, 2010).  Deltas classified as river-dominated contain sedimentary structures and 

architectures indicative of unidirectional currents and traction flow driven processes including 

climbing ripples (Bhattacharya and MacEachern, 2009; Flaig et al., 2016), low-angle planar 

lamination (Mellere et al., 2002; Fielding, 2015), mouth bar complexes (Fielding, 2010; Hurd et 

al., 2014), subaqueous terminal distributary channels (Olariu and Bhattacharya, 2006; Ahmed et 

al., 2014), and abundant distributary channels on the lower delta plain (Olariu and Bhattacharya, 

2006; van der Kolk et al., 2015).  In contrast, deltas classified as tide-dominated contain indicators 

of bidirectional currents and rhythmic depositional processes including stacked sets of herringbone 

cross-stratification with muddy interbeds (Bhattacharya and Willis, 2001; Dalrymple et al., 2003), 

flaser-wavy-lenticular bedded siltstones (Reinech and Wunderlich, 1968; Terwindt and Breuser, 

1972), mud drapes on cross-strata (Willis et al., 1999; Dalrymple and Choi, 2007), and elongate 

dip-oriented tidal bars (Willis et al., 1999; Chen et al., 2014).  Deltas classified as wave-dominated 

contain such indicators of oscillatory wave action and longshore drift as symmetrical (wave) ripple 

cross lamination and hummocky cross-stratification (Bhattacharya and Walker, 1991a; Hampson 

and Howell, 2005) along with mouthbars that are elongate in the downdrift direction and coalesce 

to form barrier bars (Bhattacharya and Giosan, 2003).  Mixed energy deltaic systems contain a set 

of characteristics that record a mix of river-flood, tide, and wave processes (Galloway, 1975; 

Bhattacharya, 2006).  Flood-tidal deltas are an additional delta type that form along barrier-

dominated coastlines (Stancliffe, 1984; Hudock, 2013). Ancient flood-tidal deltas can be 

distinguished from “typical” deltas by a combination of their stratigraphic context and direction of 

progradation (Stancliffe, 1984; Hennessy and Zarillo, 1987). Flood-tidal deltas contain such 
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sedimentary structures as tidal bundles and cross-stratification with double mud-drapes, landward 

dipping strata, landward oriented paleoflow indicators, and strata that commonly interfinger with 

lagoonal muds, estuarine deposits, and salt marsh peats (Stancliffe, 1984; Hennessy and Zarillo, 

1987; Hudock, 2013). 

The Loyd sequences contains sedimentary structures, sandstone/shale geometries, and 

stratal architectures that that are typically associated with river-flood dominated deltas including 

low angle planar laminated foresets, trough cross-stratified mouth bars, subaqueous terminal 

distributary channels, and hyperpycnites on the distal delta front to prodelta (Mellere et al., 2002; 

Olariu and Bhattacharya, 2006; Fielding, 2010; Hurd et al., 2014; Flaig et al., 2016).  In addition, 

the Loyd also contains recurring intervals of flaser-wavy-lenticular bedding between planar 

laminated sandbodies, a high diversity, high abundance trace fossil assemblage (Table 3), and 

common mud draped cross-stratification commonly associated with tidally-influenced deltaic 

systems (Bhattacharya and Willis, 2001; Willis and Gabel, 2001; Dalrymple and Choi, 2007). This 

combination of sedimentary structures, ichnology, and architectures suggests that the Loyd near 

Rangely is best categorized as a mixed river-flood dominated and tidally-modified delta. The 

relative lack of wave-modified structures including hummocky cross-stratification and 

symmetrical ripples along the delta front suggests that the Loyd delta lobes were affected only in 

a minor way by wave processes.  Rare, regionally restricted wave-modified deposits near the top 

surface of the Loyd are likely wave reworked proximal delta front mouthbar elements. The 

regional extent of the Loyd sequences (at least 25x15 km), their stratigraphic context that includes 

a coarsening-upward progradational system overlying marine shelf deposits and overlain by a 

marine flooding surface (Figs. 2.8, 2.9), and paleocurrents that indicate a spread of paleoflow 
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directions from northwest to southeast (Fig. 2.21) indicate that the Loyd should not be interpreted 

as a flood-tidal delta.  

 

IMPLICATIONS OF THE ICHNOLOGIC ASSEMBLAGE 

Integrating the ichnology of the Loyd with the process sedimentology can provide excellent 

proxy evidence for sediment flux, fresh water input, relative salinities, nutrient content, and oxygen 

levels (c.f. MacEachern et al., 2005; MacEachern and Bann, 2008; Hurd et al., 2015). Temporal 

and spatial variations in these parameters can affect the preservation of primary sedimentary 

structures and the vertical and lateral stacking of facies (Hurd et al., 2015), and may also have a 

profound impact on the trace fossil assemblage (MacEachern et al., 2005). Outcrop scale trends in 

trace fossil distribution in this deltaic succession should reveal the relationship between 

environmental conditions that represent the bulk of time on the delta-front, and recurrent 

sedimentation which periodically interrupts these background conditions (MacEachern and Bann, 

2009).  

The presence of such a high diversity, deeply tiered trace fossil assemblage within a high 

energy, high sedimentation rate, and high freshwater flux environment suggests that quiescent 

periods of non-deposition regularly occurred along the delta front, on timescales protracted enough 

to allow complete colonization of the substrate by a variety of fully marine organisms 

(MacEachern et al., 2005; MacEachern and Bann, 2008).  Therefore, the characteristics of this 

high abundance and high diversity ichnological assemblage suggests that traction flows that 

formed the distal to proximal mouth bars that comprise the bulk of stratigraphy, and that brought 

freshwater into delta front environments most likely do not represent the prevailing conditions on 

the delta front.  In actuality, the bulk of the time on the delta front was likely dominated by marine 
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salinities favorable to bioturbation of the delta front environment. Tidal action may be responsible 

for maintaining marine salinities across the delta front during periods of quiescent non-deposition 

(McIlroy, 2007).  In addition, although the majority of the sediment was delivered to the system 

by recurrent river-flood processes, likely in bursts of sedimentation during flooding events, the 

bulk of the time recorded on the delta front is recorded by tidal processes and burrowing by marine 

fauna.  

The standard approach to delta classification (Galloway, 1975; Olariu et al., 2005; 

Hampson et al., 2008; Bhattacharya, 2010) does not adequately account for the time represented 

by periods of quiescence and slow deposition rates, which are punctuated by episodic depositional 

events (Mellere et al., 2002; Olariu and Bhattacharya, 2006; Bhattacharya and MacEachern, 2009), 

and does not account for many other conditions of the receiving basin (Bhattacharya, 2006, 

MacEachern et al., 2005). The classification scheme is based primarily on modern plan view delta 

morphology, and applying this classification scheme to 2D outcrop belts tends to force 

interpretations of complex stratigraphic relationships into categories which assume certain 

characteristic sediment dispersal patterns (Bhattacharya, 2006).  The presence of ichnological 

indicators for smaller scale fluctuations of deltaic depositional conditions may provide information 

on time, and what processes are dominant at different stages of deposition, and ultimately may 

reveal the temporal relationship between sedimentation, quiescence, and bioturbation (Fig. 2.22). 

The integration of ichnologic information, such as diversity, abundance, salinity tolerance, and 

tiering of traces, with conventional sedimentological and architectural analysis should yield a more 

robust classification scheme. Instead of employing a point classification of deltas within a ternary 

diagram, considering the temporal variations in conditions representing the full range in processes 

influencing the depositional pattern of deltas is an alternative to accurately reflect all available data 
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and honor the concept that ancient deltas preserve stratigraphy that is an integration of many 

processes over time (Figs. 2.22, 2.23, 2.24). Combining a modified time-deposition diagram with 

ichnologic and stratigraphic data as well as current process sedimentologic models can provide a 

better framework to work within (see Figs. 2.22, 2.23, and 2.24). Finer-grained units and high 

abundance and diversity, bioturbated, deeply tiered units within deltaic strata representing longer 

time-scales of deposition are marked separately relative to the rapidly deposited sand-rich units, 

and units containing reduced diversity and abundance, shallow tiered units. 

 

 

 

 

Figure 2.22: Schematic model of the relationship between sedimentary processes and 

ichnologic diversity, abundance, and tiering. Figure shows the evolution of depositional 

environments, trace fossils, lithologies, and relative depositional rate and dominant processes. 

Figure also shows the relationship between fluvial discharge, tidal reworking, and burrowing 

in the Loyd. 
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Figure 2.23: Schematic stratigraphy-relative time diagram for an idealized succession of the 

Loyd Delta. Sand rich depositional events (orange) of hyperpycnites (F-2 and F-4) correspond 

to short periods of time, whereas non-deposition (gray) periods dominated by reworking of 

the delta front under background conditions of the receiving basin represent longer periods of 

time. Increased trace fossil abundance, diversity, and tiering also accounts for relatively 

longer periods of non-deposition than intervals with reduced ichnologic expression. 
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COMPARISON WITH OTHER CWIS DELTAS 

This study was undertaken, in part, because of gross similarities in outcrop stratal 

architecture between the Loyd sequences in the Rangely area and the Panther Tongue of the Star 

Point Formation (Panther Tongue) near Helper, Utah (Olariu and Bhattacharya, 2006).  In fact, 

certain deltas of the CWIS that are interpreted to be classic examples of river-dominated deltas 

contain similar facies, sedimentary structures, and architectures  including the Panther Tongue 

delta and the Ferron-Notom (Ferron) delta (Olariu et al., 2005; Olariu and Bhattacharya, 2006; 

Fielding, 2010).  Facies and architectures found in the Panther Tongue and Ferron that are 

similar to those of the Loyd include: current and combined-flow ripple laminated sandstone 

interbedded with flaser-wavy-lenticular siltstone, tabular low-angle planar laminated sandstone 

sheets that may also fill scoured surfaces, and amalgamated, erosively based, trough cross-

stratified sandstone sheets and channel fills. Although these broad similarities are evident, some 

sedimentary structures, the trace fossil distribution, and ichnological pattern of the Panther 

Tongue and Ferron deltas differs from that of the Loyd. The basal surfaces of hyperpycnite beds 

identified along the delta front deposits of the Panther Tongue and Ferron contain sole structures, 

such as gutters, flutes, and tool marks, while within beds abundant soft sediment deformation is 

observed. In contrast, the Loyd does not contain abundant soft sediment deformation or sole 

structures along the basal surfaces of beds within equivalent delta front strata, and instead are 

heavily bioturbated (Fig. 2.20C). The trace fossil assemblage in the Panther Tongue is 

interpreted to record the archetypal proximal Cruziana ichnofacies which are characterized by a 

relatively abundant and high diversity assemblage of deposit-feeding and grazing structures, 

while the trace fossil assemblage in the Ferron Notom Delta is interpreted to record the 

archetypal Cruziana and mixed proximal Cruziana-Skolithos ichnofacies, which are 

characterized by transitional elements of the Cruziana ichnofacies and relatively low diversity  
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assemblage of  suspension feeding organisms typically forming vertical burrows (MacEachern 

and Bann, 2009). Observed trends of these ichnofacies in these two deltas indicate that the 

Figure. 2.24: Outcrop image and corresponding time-space schematic diagram for the Loyd at 

Thirsty Draw. Collected stratigraphic data is summarized to illustrate the concept of periodic 

event deposition of hyperpycnites (orange) interrupting the background conditions of the 

receiving basin recorded by bioturbation, fine-grained deposition, and tidal reworking on the 

delta front (gray). High abundance/diversity trace fossil assemblages displaying a deep tiered 

expression are interpreted to record more time relative to similar intervals with less 

diversity/abundance and which display a shallow tiered expression. 
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diversity, distribution, and intensity of bioturbation is sporadic and the trace fossils present are 

often diminutive across all depositional environments along the prodelta and delta front 

(MacEachern et al., 2005). This ichnological trend suggests that in The Panther Tongue and 

Ferron Notom delta the high sedimentation rate and freshwater discharge generated during river 

flood events was dominant enough to affect the overall trends in salinity, nutrient levels, 

oxygenation, and other physiochemical conditions recorded by the trace fossil assemblages 

(MacEachern et al., 2005; MacEachern and Bann, 2009; Jackson et al., 2015). In contrast, the 

Loyd contains a high diversity, fully marine trace fossil assemblage of a mixed Cruziana-

Skolithos ichnofacies, which exhibits a tiered system of burrow penetration, a trait not commonly 

associated with river-flood deltas (MacEachern et al., 2005; Bhattacharya and MacEachern, 

2009). This ichnological trend is interpreted to record the presence of fully marine salinities and 

other physiochemical conditions conducive to marine fauna colonization for protracted periods 

of time on the delta front of the Loyd (Jackson et al., 2015). This suggests that while the Loyd is 

grossly similar to the Panther Tongue and Ferron in terms of sedimentary structures and stratal 

architectures, the information provided by ichnological analysis alone establishes a distinct 

difference in relative forcings (river-wave-tide) on this system, and the interpretation of the 

system should reflect the influence of that fully marine, tidal input. Additionally, the abundant 

flutes and tool marks on the basal surfaces of hyperpycnite beds within the Panther Tongue and 

Ferron are indicative of the interaction of turbulent jet flows, generated during river-flood events, 

with the underlying delta front substrate. The lack of similar sole structures along equivalent 

bedding surfaces of the Loyd may be related to relatively lower river discharge within the Loyd 

system, or these sedimentary structures could have been removed from the basal surface of these 

beds by abundant bioturbation.  Furthermore, these findings highlight the contrast in temporal 
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variations of river-flood and quiescent periods between these three deltas and reveal the subtle 

differences that allow the ability to distinguish mixed-energy and true “end-member” deltas from 

each other.            

The Sego Fm in the Book Cliffs contains outcrops of classically described ancient tide-

dominated deltas (Willis and Gabel, 2003). These deltas contain some sedimentary structures and 

architectures similar to the Loyd such as wavy-flaser lenticular bedding and mud-draped cross-

stratification (Willis and Gabel, 2003). In contrast to the Loyd, tide-dominated deltas of the Sego 

contain elongate bar form architectural elements comprising bidirectional herringbone cross-

stratified to large-scale trough cross-stratified sandstone containing abundant internal mud 

drapes, double mud drapes, mud rip-up clasts, and mud balls, which are interpreted to record 

deposition along tidal mouth bars (Willis and Gabel, 2003). These barforms are not present in the 

Loyd, suggesting that although the Loyd contains some tidal modification the bulk depositional 

mechanisms between the Sego and Loyd were mostly dissimilar. The sandbodies of the Loyd 

were likely deposited by more river-generated processes while the sandbodies in many Sego 

sequenced were more extensively modified by tidal processes.  Detailed ichnological studies do 

not exist for the Sego tide-dominated deltas, although abundant Ophiomorpha have been 

documented along the tops of preserved tidal mouth bars (Willis and Gabel, 2003). 

 

THE LOYD AS A RESERVOIR ANALOGUE 

Deltaic strata are a major sand-rich component of otherwise mud-rich shelfal systems, 

and deltaic reservoirs are commonly the target of hydrocarbon exploration. Deltas commonly 

contain complex stratigraphic relationships, variable geometries, and heterogeneous strata, 

making mapping and production from deltaic prospects a challenge. The Loyd near Rangely 
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presents an ideal outcrop analog for ancient mixed tidal and river-flood deltaic reservoirs that 

contain heterogeneous strata and intense bioturbation. Additionally, the relative input of river-

flood, wave, and tide energy on a system has implications for the ultimate distribution and 

geometries of reservoir and barrier/baffle facies. The Loyd is extensive across a large area (25 x 

15 km) and contains up to two stacked lobes of sand-rich deltaic strata separated by a fine-

grained interval of siltstone (F-1, FA-I). At the gross interval scale the Loyd represents a 

significant package of sand-rich deposits (up to 25 m) encased in the Mancos Shale.     

 As a reservoir analog, the sand-rich mouth bars along the distal (FA-III) to proximal 

(FA-IV) delta front (F- 2, F-4, F-5) of the Loyd might represent the best reservoir components, 

however the interbedded silts and shales (F-1, F-3) draping them are likely to present 

considerable barriers-baffles to flow in the vertical direction ,and potentially in the horizontal 

direction in the case of lensoidal sand bodies encased in silts and shales present within (F-3). The 

up dip transition of these distal mouthbars to the amalgamated, sand-dominated, proximal 

mouthbar facies suggests that reservoir connectivity and quality improves in an up stratigraphic 

dip direction. Additionally the presence of sandy channel-fills within the distal and proximal 

delta front documented in the Loyd may increase lateral and vertical connectivity if these 

preserved channel-forms extend across the foresets of the delta.  The down dip transition into 

heterolithic prodelta (FA-II) and dominantly shale and siltstone marine shelf (FA-I) deposits 

suggests that reservoir connectivity and quality decreases down stratigraphic dip as the Loyd 

pinches out into the Mancos Shale. The localized distribution of hummocky cross-stratified wave 

modified delta front deposits precludes this association from being significant components of a 

Loyd reservoir model, despite the high sand/shale ratio and stratigraphic position of these 

deposits. 
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 Abundant vertical and horizontal sand-filled burrows in the Loyd may provide potential 

pathways of increased vertical (kV) and horizontal (kH) permeability within the finer grained 

portions of the distal elements of the delta-front and prodelta (Chamberlain, 1978). Specifically, 

the deeply-tiered bioturbation style observed in the Loyd within the heterolithic distal delta front 

strata works to increase connectivity between stacked, sand-rich, reservoir quality components of 

the delta front (F-2, F-4) by providing sand-rich (Higher kV) trace fossil pathways across 

multiple beds of finer-grained lower permeability barrier components of the delta front (F-1, F-3) 

for hydrocarbons to flow through in the vertical direction.   

End-member deltaic systems, such as the river-flood dominated Panther Tongue or tide-

dominated Sego deltas, are commonly used as outcrop analogs to model reservoir characteristics. 

Care must be taken to use the appropriate outcrop dataset during application of data from outcrop 

analogs to reservoir models.  Investigations may reveal grossly similar sedimentary structures 

and architectures; however, detailed ichnologic analysis may reveal potential differences 

between a chosen outcrop analog and the reservoir of interest. The geometry and distribution of 

sand- and mud-rich facies is primarily controlled by a combination of the processes acting on 

deltas. As such, detailed investigations of both sedimentology and ichnology will provide insight 

into the relative contribution of each process, and ultimately refine paleoenvironmental 

interpretations used to drive the development of the most correct reservoir model.
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CONCLUSIONS 

The Campanian Loyd Sandstone Member of the Buck Tongue of the Mancos 

Shale in the Sand Wash Basin extends into the Piceance Basin near Rangely, Colorado 

and records deposition along a delta that prograded from west to east. Outcrop analysis 

demonstrates that the Loyd contains facies and architectures common to classic river-

flood dominated deltas, but also contains a high diversity, high abundance trace fossil 

assemblage and sedimentary structures indicative of tidal modification. The trace fossil 

assemblages, its tiered relationships within depositional environments, and the presence 

of tidal indicators suggests that the Loyd should be classified as a mixed river-flood 

dominated tidally-modified delta.  The distribution of facies and sedimentary structures 

suggests that time on the delta front of the Loyd was dominated by relative quiescence, 

low sediment input, marine salinities and tidal processes that were punctuated by 

episodic, river-flood generated, hyperpycnal flows that delivered sediments that actually 

comprise the bulk of deltaic strata.  The trace fossil assemblages provides crucial 

information regarding salinity, sediment flux, and other physiochemical conditions that 

helped determine the relative influence of river-flood, tidal, and wave processes.  The 

ichnology provides a contrasting interpretation to one made by relying on sedimentologic 

and architectural analysis alone. Modification of delta classification schemes should be 

considered to include temporal variations in the “dominant” processes controlling the 

morphology of deltas. Although the Loyd appears grossly similar to the Panther Tongue 

and Ferron deltas the contrast between ichnologic assemblages of these three deltas 

provides key information regarding the relative role of river-flood discharge between 
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these systems. The Loyd is an outcrop analog to deltaic reservoirs, and the integration of 

ichnology aids in interpreting the processes controlling the distribution of reservoir 

quality facies and barriers/baffles to flow in these models.  
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CHAPTER 3: FUTURE STUDIES APPLIED TO THE LOYD 

Although this study was detailed in scope and extensive in nature, additional work 

could be performed on the Loyd Fm in the future. Below is a list of two potential projects 

that could improve our understanding of the Loyd system:  

PROPOSED STUDY 1 

Suggested future work regarding the Loyd in the Rangely area that could enhance 

this work could include additional investigations to map the extent of the Loyd or Loyd 

equivalent stratigraphy to the East and West (up and down dip) and North and South (along 

strike) from the outcrops in the Rangely, CO area. The additional mapping of the Loyd 

may reveal the up-stratigraphic-dip coastal plain or terrestrial deposits not documented in 

this study. This data could help reveal the nature of the fluvial system feeding the Loyd 

deltaic systems. Conversely mapping the extent of the Loyd down-stratigraphic-dip would 

provide a better estimate of the aerial extent of this system and may aid in comparing it to 

modern systems or other documented ancient deltas. Potential variations in facies, 

ichnology, and stratal geometries along strike and dip of a deltaic system may reveal 

additional information regarding temporal depositional patterns. This would not only 

supplement this study but also the subsurface mapping work done by Burton et al., 2016. 

PROPOSED STUDY 2 

Detailed dimensional analysis of architectural elements of the Loyd, potentially 

integrating the use of GigaPan and LiDAR technology, and a comparing this quantified 

dimensional data with other ancient deltaic outcrops and architectural elements, could 

provide insight into the link between dominant process regime (river-flood, tide, wave) 

contributions and the size and shape of architectural elements in final preserved 

stratigraphy. This data would aid reservoir modelers in identifying these elements in the 
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subsurface and creating better training images and predictive methods for mapping 

reservoir architectural element geometries and their distribution.  
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APPENDIX 

The Appendix contains all measured sections from this Thesis including any 

measured stratigraphy above the Loyd. All paleocurrent data recorded from trough-cross 

stratification in the Loyd is also included here. Paleocurrent data includes 140 

measurements taken from Nodding Donkey, Thirsty Draw, Reservoir West, The Wall, 

Walkabout Draw, The Bowl, Big Park Road, and Rattlesnake Ridge. For listed data “n=” 

is the number of measurements taken at the location, “Mean Direction” is the mean 

direction of all paleocurrent values for each location, and “Mean Length” is an r2 value for 

directional data, or a measure of the variation in the values of the angles. A mean length 

value ranges between 0.0 and 1.0 and a value near 1.0 implies there is little variation in 

values of angles within a dataset. 
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Location Paleoflow Corrected    

   

 

     
Nodding 
Donkey       

 180 190     

 140 150     

 20 30     

 93 103     

 85 95     

 120 130     

 180 190     

 135 145     

 322 332  N= Mean Length (°) Mean Direction (°) 

 165 175  18 144.6 0.6876 

 165 175     

 170 180     

 130 140     

 110 120     

 150 160     

 160 170     

 140 150     

 90 100     
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Location Paleoflow Corrected    
Thirsty Draw        

 334 344 

 

     

 349 359     

 326 336     

 334 344     

 347 357     

 9 19     

 324 334     

 20 30     

 0 10     

 10 20  N= Mean Length (°) Mean Direction (°) 

 25 35  34 27.8 0.8323 

 15 25     

 0 10     

 25 35     

 30 40     

 320 330     

 30 40     

 350 0     

 5 15     

 20 30     

 35 45     

 0 10     

 359 9     

 4 14     

 75 85     

 95 105     

 60 70     

 50 60     

 85 95     

 45 55     

 65 75     

 35 45     

 20 30     

 70 80     
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Location Paleoflow Corrected    

   

 

     
Reservoir West       

 349 359     

 335 345     

 350 0     

 295 305     

 342 352     

 345 355     

 349 359     

 333 343     

 314 324  N= Mean Length (°) Mean Direction (°) 

 337 347  27 343 0.9582 

 352 2     

 341 351     

 329 339     

 337 347     

 332 342     

 326 336     

 321 331     

 345 355     

 316 326     

 345 355     

 10 20     

 300 310     

 331 341     

 346 356     

 313 323     

 322 332     

 315 325     
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Location Paleoflow Corrected    

The Wall   

 

     

 10 20     

 345 355     

 0 10     

 10 20     

 75 85     

 50 60     

 60 70     

 5 15     

 80 90     

 65 75  N= Mean Length (°) Mean Direction (°) 

 25 35  26 36.8 0.8653 

 330 340     

 35 45     

 45 55     

 30 40     

 30 40     

 90 100     

 35 45     

 55 65     

 25 35     

 14 24     

 23 33     

 5 15     

 10 20     

 345 355     

 350 0     
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Location Paleoflow Corrected    

   

 

     
Walkabout 
Draw       

 325 335     

 307 317     

 310 320     

 110 120     

 320 330     

 330 340     

 65 75     

 0 10     

    N= Mean Length (°) Mean Direction (°) 

    8 353.3 0.6234 
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Location Paleoflow Corrected    

   

 

     
The Bowl       

 280 290     

 340 350     

 330 340     

 330 340     

 292 302     

 312 322     

 323 333     

 309 319     

 317 327  N= Mean Length (°) Mean Direction (°) 

 320 330  14 326.1 0.9574 

 335 345     

 297 307     

 308 318     

 331 341     
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Location Paleoflow Corrected    

   

 

     
Big Park Road       

 109 119     

 95 105     

 170 180     

 150 160     

 180 190     

       

       

       

    N= Mean Length (°) Mean Direction (°) 

    5 151.3 0.8364 

       

       

       

Rattle Snake Ridge  

 

     

 13 23     

 10 20     

 0 10     

 6 16     

 20 30     

 17 27     

 355 5     

 22 32     

    N= Mean Length (°) Mean Direction (°) 

    8 20.4 0.9878 
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