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Preface 

Guidebooks have been part of the exploration of the American West since Oregon Trail days. Geologic 
guidebooks with maps and photographs are an especially graphic tool for school teachers, University classes, 
and visiting geologists to become familiar with the temtory, the geologic issues and the available references. 

It was in this spirit that we set out to compile this two-volume set of field trip descriptions for the Annual 
Meeting of the Geological Society of America in Salt Lake City in October 1997. We were seeking to produce 
a quality product, with fully peer-reviewed papers, and user-friendly field trip logs. We found we were buck- 
ing a tide in our profession which de-emphasizes guidebooks and paper products. If this tide continues we 
wish to be on record as producing "The Last Best Geologic Guidebook." 

We thank all the authors who met our strict deadlines and contributed this outstanding set of papers. We 
hope this work will stand for years to come as a lasting introduction to the complex geology of the Colorado 
Plateau, Basin and Range, Wasatch Front, and Snake River Plain in the vicinity of Salt Lake City. Index maps 
to the field trips contained in each volume are on the back covers. 

Part 1 "Proterozoic to Recent Stratigraphy, Tectonics and Volcanology: Utah, Nevada, Southern Idaho and 
Central Mexico" contains a number of papers of exceptional interest for their geologic synthesis. Part 2 
"Mesozoic to Recent Geology of Utah" concentrates on the Colorado Plateau and the Wasatch Front. 

Paul Link read all the papers and coordinated the review process. Bart Kowallis copy edited the manu- 
scripts and coordinated the publication via Brigham Young University Geology Studies. We would like to 
thank all the reviewers, who were generally prompt and helpful in meeting our tight schedule. These included: 
Lee Allison, Genevieve Atwood, Gary Axen, Jim Beget, Myron Best, David Bice, Phyllis Camillen, Marjorie 
Chan, Nick Christie-Blick, Gary Christenson, Dan Chure, Mary Droser, Ernie Duebendorfer, Tony Ekdale, 
Todd Ehlers, Ben Everitt, Geoff Freethey, Hugh Hurlow, Jim Gamson, Denny Geist, Jeff Geslin, Ron Greeley, 
Gus Gustason, Bill Hackett, Kimm Haw, Grant Heiken, Lehi Hintze, Peter Huntoon, Peter Isaacson, Jeff 
Keaton, Keith Ketner, Guy King, Me1 Kuntz, Tim Lawton, Spencer Lucas, Lon McCarley, Meghan Miller, 
Gautarn Mitra, Kathy Nichols, Robert Q. Oaks, Susan Olig, Jack Oviatt, Bill Perry, Andy Pulharn, Dick Robison, 
Rube Ross, Rich Schweickert, Peter Sheehan, Norm Silberling, Dick Smith, Barry Solomon, K.O. Stanley, 
Kevin Stewart, Wanda Taylor, Glenn Thackray and Adolph Yonkee. In addition, we wish to thank all the dedi- 
cated workers at Brigham Young University Print Services and in the Department of Geology who contributed 
many long hours of work to these volumes. 

Paul Karl Link and Bart J. Kowallis, Editors 
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ABSTRACT 

This Field Excursion will visit outcrops of the fluvial-deltaic Upper Cretaceous (Turonian) Ferron Sand- 
stone Member of the Mancos Shale, known as the Last Chance delta or Upper Ferron Sandstone. This field 
guide and the field stops will outline the architecture and depositional sequence stratigraphy of the Upper 
Ferron Sandstone clastic wedge and explore the stratigraphic positions and compositions of major coal zones. 
The implications of the architecture and stratigraphy of the Ferron fluvial-deltaic complex for coal and coal- 
bed methane resources will be discussed. 

Early works suggested that the southwesterly derived deltaic deposits of the the upper Ferron Sandstone 
clastic wedge were a Type-2 third-order depositional sequence, informally called the Ferron Sequence. These 
works suggested that the Ferron Sequence is separated by a type-2 sequence boundary from the underlying 
3rd-order Hyatti Sequence, which has its sediment source from the northwest. Within the 3rd-order deposi- 
tional sequence, the deltaic events of the Ferron clastic wedge, recognized as parasequence sets, appear to be 
stacked into progradational, aggradational, and retrogradational patterns reflecting a generally decreasing sed- 
iment supply during an overall slow sea-level rise. The architecture of both near-marine facies and non- 
marine fluvial facies exhibit well defined trends in response to this decrease in available sediment. 

Recent studies have concluded that, unless coincident with a depositional sequence boundary, regionally 
extensive coal zones occur at the tops of the parasequence sets within the Ferron clastic wedge. These coal 
zones consist of coal seams and their laterally equivalent fissile carbonaceous shales, mudstones, and silt- 
stones, paleosols, and flood plain mudstones. Although the compositions of coal zones vary along depositional 
dip, the presence of these laterally extensive stratigraphic horizons, above parasequence sets, provides a 
means of correlating and defining the tops of depositional parasequence sets in both near-marine and non- 
marine parts of fluvial-deltaic depositional sequences. Ongoing field studies, based on this concept of coal 
zone stratigraphy, and detailed stratigraphic mapping, have documented the existence of at least 12 parase- 
quence sets within the Last Chance delta clastic wedge. These parasequence sets appear to form four high 
frequency, 4th-order depositional sequences. The dramatic erosional unconformities, associated with these 
4th-order sequence boundaries, indicate that there was up to 20-30 m of erosion, signifying locally substantial 
base-level drops. These base-level drops were accompanied by a basinward shift in paleo-shorelines by as 
much as 5-7 km. These 4th-order Upper Ferron Sequences are superimposed on the 3rd-order sea-level rise 
event and the 3rd-order, sediment supply/accommodation space driven, stratigraphic architecture of the 
Upper Ferron Sandstone. The fluvial deltaic architecture shows little response to these 4th-order sea-level 
events. 
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Coal zones generally thicken landward relative to the mean position of the landward pinch-out of the 
underlying parasequence set, but after some distance landward, they decrease in thickness. Coal zones also 
generally thin seaward relative to the mean position of the landward pinch-out of the underlying parase- 
quence set. The coal is thickest in the region between this landward pinch-out and the position of maximum 
zone thickness. Data indicate that the proportion of coal in the coal zone decreases progressively landward 
from the landward pinch-out. The effects of differential compaction and differences in original pre-peat 
swamp topography have the effect of adding perturbations to the general trends. These coal zone systematics 
have major impact on approaches to exploration and production, and the resource accessment of both coal 
and coalbed methane. 

INTRODUCTION sented by Garrison and van den Bergh, reiterated in the 

This Field Excursion is conducted in the northwestern 
field trip stop descriptions. 

portion of the Colorado Plateau in East-central Utah (fig. 1). 
Energy Resources in Fluvial-deltaic Reservoirs 

Here uplift and erosion of the broad north-northeast-trend- 
ing anticlinal structure of the San Rafael Swell along the 
northwestern margin of the Colorado Plateau exposes Creta- 
ceous rocks. The focus of this Field Excursion will be the 
outcrops of the fluvial-deltaic Upper Cretaceous (Turonian) 
Ferron Sandstone Member of the Mancos Shale (fig. 2). 

This field guide is organized in a fashion as to provide 
the field trip participant, and future workers in the Ferron 
Sandstone, with a comprehensive database and detailed field 
trip guide. A general introduction to the geology and stra- 
tigraphy of the Ferron Sandstone is presented and the 
major studies, that have contributed to our general under- 
standing of the stratigraphy of the Ferron Sandstone, have 
been discussed to provide a general background. Any omis- 
sions of previous works are due to unintentional oversights. 
This field guide has at its core, the recent and ongoing 
studies of Ganison and van den Bergh (e.g., van den Bergh, 
1995; Garrison and van den Bergh, 1996; 1997; van den 
Bergh and Gamson, 1996). The results of these studies, up 
to the time of the printing of this guidebook, are compiled 
and are included below in a short paper. 

A detailed road log, through the outcrop belt of the 
Ferron Sandstone, is provided below. Each day of the two 
day field trip has its own road log. Each of the road logs 
starts and end in Price, Utah. The road logs attempt to pro- 
vide the reader with geological, geographical, and cultural 
information, in hopes that the excursion through the Ferron 
Sandstone outcrops in the Castle Valley will both enjoyable 
and informative. The detailed discussions of the geology of 
each days field trip stops are presented separately from the 
road logs. They can be found immediately following each 
day's road log. This is done, first, to make it easier for the 
reader to follow the road log without interruptions, and sec- 
ondly, to make it more easy to obtain the key points and 
background geology for each field trip stops. In order to 
preserve continuity and to have both the paper of Gamson 
and van den Bergh and the field trip stop descriptions able 
to stand alone, the reader may find some information, pre- 

Fluvial-deltaic sandstones, such as the Ferron Sandstone, 
combined with their related strand-plain deposits, make up 
an estimated 45% of world's oil and gas reservoirs. The 
Ferron Sandstone produces natural gas; cumulative pro- 
duction exceeds 128 BCF (Laine and Staley, 1991), with a 
cumulative production of 8.8 MMCF from the Ferron Gas 
Field alone. In addition, the coals of the Ferron Sandstone 
have been targeted for coalbed methane production, result- 
ing in a cumulative production of over 30 BCF of coalbed 
methane. 

Most of the worlds coal reserves occur in fluvial-deltaic 
facies associations, such as the Ferron Sandstone. The Ferron 
Sandstone coals are analogous to, and similar in occurrence 
to, the coals of many coal fields in the eastern United States, 
Europe, Asia, and Australia. The Upper Ferron Sandstone 
of the Emery Coal Field has itself produced as much as 
600,000 tons/year of bituminous B rank coal. Total cumula- 
tive coal production from the Emery Coal Field exceeds 
9.5 million tons (Jahanbani, 1996). It is estimated that the 
Emery Coal Field has reserves in excess of 2.15 billion tons 
(Doelling, 1972). The Ferron Sandstone is but one of sever- 
al formations in the Cretaceous of Central Utah to produce 
coal. Estimates are that total coal production exceeds 22 
million tonsfyear in the Emery, Book Cliffs, and Wasatch 
Plateau Coal Fields of Central Utah (Semborsh, 1991). 

Coal Correlation and Geometry as a Tool in the Energy 
Industry 

In fluvial-deltaic facies associations, coals are ubiquitous, 
although many times discontinuous, lithostratigraphic hori- 
zons. There is a natural tendency to connect together these 
compact, lithologically unique beds in outcrop and subsur- 
face correlations. In the coal mining and the petroleum 
industries, performing subsurface coal correlations is an 
every day event. Even after years of industry experience, 
many subsurface correlations can still be problematic. This 
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OUTCROP OF THE 
FERRON SANDSTONE 
IN THE SOUTHERN 
CASTLE VALLEY, 

UTAH 

Ferron Outcrop 

'C 
0 
w 

0 5 - 
after Cotter (1 975) Miles 

LC Limestone Cliffs 10 Indian Canyon 
NF North Fork WS Wtllow Springs Wash 
CB Coyote Basin RC Rock Canyon 
CG Corbula Gukh BT Blue Trail 
SC Scabby Canyon IC lvie Creek 
QC Quitchapah Creek CM Cowboy Mine 
EM Emery Mime BG BearGulch 
TC Tri-Canyon MC Miller Canyon 
MCC Muddy Creek Canyon PP Pictograph Point 
RO Rochester Creek BS Bier  Seep 
CR Cedar Ridge DW DryWash 
ST Short Canyon DF Dutch Flat 

Figure 1.  Location map for Ferron Sandstone outcrop belt andjeld trip stops. 
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Nomenclature Thickness Lithology 
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m T o n e s ( N )  

P*Tongue (N) 

Uppe&-$J&$m 

-0SrleyCanVm 
Me-r (N) 

Upper--(s) 

Larer Fefml salds&m (N) 

Adapted from Hintze (1 988) 

Shale and Siltstone Conglomerate 

-1 Carbonate T I  Sandstone 

Figure 2. Stratigraphic column for the Cretaceous of the Castle Valley. 
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uncertainty introduces risk into exploration and production 
decisions. The desire to reduce this risk drives geologists to 
continue to investigate and to seek improved methodolo- 
gies for making reliable subsurface correlations. 

There appears to be a genetic relationship existing be- 
tween the geometries of major coal beds and the geome- 
tries of the associated near-marine sediments in fluvial- 
deltaic deposits (e.g., see Ryer, 1981; Cross, 1988; Hamilton 
and Tadros, 1994). Numerous authors have proposed theo- 
ries to utilize these relationships in lithostratigraphic, genetic 
sequence stratigraphic, depositional sequence stratigraphic, 
and/or regression1 transgression sequence stratigraphic cor- 
relations (e.g., see Ryer, 1981; Cross, 1988; Hamilton and 
Tadros, 1994; Aitken, 1994; Ryer et al., 1980; Gamson and 
van den Bergh, 1996). 

Garrison and van den Bergh (1996) outlined, in a case 
study within the Upper Ferron Sandstone, stratigraphic 
relationships existing between the geometries of major coal 
beds and the geometries of the associated near-marine and 
non-marine sediments in Ferron fluvial-deltaic deposits. 
They describe this approach as coal zone stratigraphy and 
outline its use in depositional sequence stratigraphy. 

This field excursion will examine the use of coal zone 
stratigraphy in high-resolution depositional sequence strati- 
graphic correlations of the Upper Ferron Sandstone. The 
stratigraphic positions and compositions of the Ferron coal 
zones will be discussed, in the context of this stratigraphy. 
The implications of this stratigraphy for coal and hydrocar- 
bon exploration and production will also be addressed. 

GENERAL GEOLOGY AND STRATIGRAPHY 
OF THE FERRON SANDSTONE 

Introduction 

The Upper Cretaceous (Turonian) Ferron Sandstone 
Member of the Mancos Shale is one of several eastward 
thinning clastic wedges that prograded into the Mancos Sea 
dong the western margin of the Interior Cretaceous Seaway, 
between 89 and 90 million years ago (Gardner, 1992). The 
Ferron deltaic complex was deposited into the Mancos Sea 
in response to the abundant supply of sediments shed from 
the thrust-faulted and uplifted Sevier Orogenic belt located 
to the west in southeastern Nevada, western Utah, and 
southern Idaho. It reaches a thickness of over 1100 feet in 
the western area beneath the Wasatch Plateau and extends 
over 10,500 square kilometers (Tripp, 1989). The Ferron 
Sandstone is exposed along the approximately 170 kilome- 
ter length of the northeasterly trending outcrop belt. 

The Ferron Sandstone can be divided into two distinct 
clastic wedges (Ryer, 1981). The lower portion of the Ferron 
Sandstone is a thin, northerly derived storm- and wave- 
dominated shorelineIdeltaic complex, informally called the 
Vernal delta. The upper portion of the Ferron Sandstone is 

a younger, thicker, and more north-northeasterly prograding 
deltaic complex, informally called the Last Chance delta. 
The Last Chance deltaic complex is exposed along the out- 
crop belt generally parallel to the deltaic progradational 
direction. There is almost a complete 92 lan long dip sec- 
tion exposure of the deltaic complex. The width of the out- 
crops of the Ferron Sandstone perpendicular to the trend of 
the outcrop belt is generally less than about 5 km, thus 
allowing very little opportunity to examine the deltaic 
deposits in the strike direction (Ryer, 1981) (fig. 1). In this 
discussion, only the upper clastic wedge of the Ferron 
Sandstone lmown as the Ferron Last Chance delta complex 
or the Upper Ferron Sandstone (Ryer, 1981) will be 
addressed, unless otherwise noted. 

Stratigraphy 

Ryer and McPhillips (1983) recognized that the Ferron 
deltaic complex was composed of sediments deposited dur- 
ing a series of transgressions and regressions of the Creta- 
ceous shoreline. Ryer (1981;1982) recognized five deltaic 
cycles within the Last Chance deltaic complex of the south- 
em Ferron Sandstone outcrop belt. These delta-front sand- 
stones were referred to as sandstones 1-5. Ryer (1981; 1982) 
noted that the delta-front sandstone 2 had both a seaward 
and landward limit displaced further seaward than delta- 
front sandstone 1 and that delta-front sandstones 3-5 each 
have seaward limits displaced successively landward. In a 
subsurface well-log study, Ryer and McPhillips (1983) iden- 
tified delta-fiont sandstones 1-5 in the subsurface beneath 
the Castle Valley and the Wasatch Plateau. Subsequent 
work by Gardner (1992; 1993) and Ryer (1991) led to the 
identification of two more, stratigraphically higher, delta 
cycles in the outcrop belt, referred to as 6-7; both have sea- 
ward limits displaced successively landward. The Ferron 
Sandstone was subdivided into 7 major deltaic events 
(Gardner, 1992; 1993). Gardner also suggested that an eighth 
delta-front sandstone occurred in the subsurface further 
south. Gardner's eighth, subsurface, deltaic unit will not be 
discussed in this paper. Recent works have subsequently 
delineated an additional eighth delta-front sandstone in the 
outcrop belt. 

Major coal beds occur within the Ferron sandstone com- 
plex and generally mark the top of the deltaic events. The 
coal nomenclature was first developed by Lupton (1916) 
and retained by Ryer (1981; 1982) and Gardner (1993). These 
coal beds can be easily correlated through the Ferron delta- 
front complex and can be further correlated as discontinu- 
ous zones of coal and carbonaceous shale into the distribu- 
tary channeI dominated delta-plain setting (Garrison and 
van den Bergh, 1996). Many of the major coal beds within 
the Ferron Sandstone contain one or more layers of kao- 
linitichentonitic material representing altered volcanic ash 
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falls (Ryer et. al., 1980). The coal beds together with altered Gardner (1992; 1993) described the individual deltaic 
volcanic ash layers can be generally used as chronostrati- events, within the 3rd-order Ferron Sequence, as genetic se- 
graphic indicators. quences (Galloway, 1989). Recent workers have described 

them as depositional parasequence sets (e.g., van den Bergh, 
Sequence Stratigraphy-Historical Development 1995; Anderson and Ryer, 1995; Ryer and Anderson, 1995; 

Gardner (1992; 1993) examined these deltaic events and 
placed them into a sequence stratigraphic framework. He 
recognized the upper portion of the Ferron Sandstone to be 
a Type-2 third-order depositional sequence, called the 
Ferron Sequence. A Type-2 sequence boundary is physical- 
ly expressed by a downward shift in coastal onlap, onlap of 
overlying strata, and subaerial exposure with minor ero- 
sional truncation at the top or base of the progradational, 
parasequence set (Van Wagoner et. al., 1990). The south- 
westerly derived deltaic deposits of the 3rd-order Ferron 
Sequence contains Scaphites ferronensis and is separated 
by a type-2 sequence boundary from the underlying 3rd- 
order Hyatti Sequence, which contains the ammonite E 
hyatti (Gardner, 1992). The Hyatti Sequence has its sedi- 
ment source from the northwest (Gardner, 1993). Gardner 
(1993) places the sequence boundary at the base of the 
Upper Ferron Sandstone above the Hyatti condensed sec- 
tion. Ryer (1994) suggested that the fluvial-deltaic sandstones 
of the lower Ferron Sandstone (i.e., the Hyatti Sequence) 
probably formed in response to a dominantly eustatic sea 
level change. Leithold (1994) also suggested that the Hyatti 
Sequence (i.e., Lower Ferron Sandstone and its correlative 
siltstones and shales of the Tununk Member of the Mancos 
Shale) was formed as a result of a high frequency (i.e., 3rd- 
order) eustatic sea level change superimposed on the tec- 
tonically induced 2nd-order ~ r e e n h o i  sea level cycle. 
Leithold (1994) also suggested that the Lower Ferron Sand- 
stone, of the Hyatti Sequence, probably formed during the 
regressive phase of the Greenhorn sea level cycle (i.e., at 
the point of maximum sea level regression). Ryer (1994) 
postulated that the Upper Ferron Sandstone (i.e., the Ferron 
Sequence) probably formed in response to an increase in 
sediment supply associated with increased tectonic activity 
in the Sevier orogenic belt, during a period of slow sea 
level rise (i.e. during a 3rd-order slow sea level rise). These 
3rd-order cycles are postulated to be on the order of 
400,000 years in duration (Leithold, 1994). 

Leithold (1994) hypothesized that the higher frequency 
Greenhorn events (i.e., parasequence sets and parase- 
quences) are probably associated with local autocyclic 
events, although many of these events appear to be more 
basin-wide in extent and thus, may be associated with cli- 
matic changes or Malankovitch cycles, van den Bergh and 
Sprague (1995) and van den Bergh (1995) first discussed 
the possibility of additional high frequency (i.e., 4th-order) 
sequences within the 3rd-order Ferron Sequence deltaic 
complex. 

Gamson and van den Bergh, 1996). After examining the 
seaward and landward limits of the delta-front complexes, 
Gardner (1993) recognized that genetic sequences 1 3  suc- 
cessively stepped seaward recording an overall regressive 
event and genetic sequences 4-7 recorded a relative trans- 
gression, with genetic sequences 45 being aggradational 
and genetic sequences 6-7 back-stepping sharply landward. 
Although described as depositional parasequence sets, the 
stacking pattern of the delta cycles was later confirmed by 
Ryer and Anderson (1995). van den Bergh and Sprague 
(1995) postulated that these parasequence sets may be 
grouped into high-frequency 4th-order depositional se- 
quences within Gardner's 3rd-order Ferron Sequence. 

Coals, where preserved within the Ferron Sandstone, 
generally occur below the flooding surface at the top of 
each of the delta cycle or parasequence sets (e.g., see 
Garrison and van den Bergh, 1996). Gamson and van den 
Bergh (1997) have noted that in a few instances, that in 
addition a transgressive lag or a high-order depositional 
sequence boundary may occur at the top of a parasequence 
set. Based on the Ferron coal zone stratigraphy and detailed 
stratigraphic mapping, Garrison and van den Bergh (1996; 
1997) have subsequently documented the existence of at 
least 12 parasequence sets (i.e., including single hierarchi- 
cally equivalent parasequences) which form four high fre- 
quency, 4th-order depositional sequences (fig.3). These 4th- 
order events are superimposed on the slow 3rd-order sea- 
level rise event discussed by Gardner (1993) and Leithold 
(1994). The work of Garrison and van den Bergh (1997) 
suggests that the 3 stratigraphically lowest parasequence 
sets, within the Ferron clastic wedge, may actually belong 
to the underlying 3rd-order Hyatti Sequence. Widespread 
condensed sections lie stratigraphically above (Garrison 
and van den Bergh, 1997) and below (Gardner, 1993) the 
Upper Ferron Sandstone clastic wedge. 

COAL ZONE AND HIGH-RESOLUTION 
DEPOSITIONAL SEQUENCE STRATIGRAPHY 

AND ARCHITECTURE OF THE UPPER 
FERRON SANDSTONE 

James R. Garrison, Jr. and TC.V van den Bergh 

Introduction 

In the petroleum industry, performing subsurface corre- 
lations is an every day event. Uncertainty in subsurface cor- 
relations introduces risk into exploration and/or production 
management decisions. The desire to reduce this risk drives 
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geoscientists to continue to investigate and to seek improved 
methodologies for mahng reliable subsurface correlations. 

Coals are intuitively excellent stratigraphic correlation 
horizons because they are easily recognizable in outcrop, 
core, and on logs, they tend to be laterally extensive, and 
generally chronostratigraphic markers. In fluvial-deltaic 
facies associations, coal seams are ubiquitous, although many 
times discontinuous, lithostratigraphic horizons. There is 
an intuitive tendency to connect together these compact, 
lithologically unique beds in outcrop and subsurface corre- 
lation exercises. 

There appears to be a clear genetic relationship between 
the geometries of major coal beds and the geometries of the 
associated near-marine sediments in fluvial-deltaic deposits. 
Numerous authors have proposed theories to utilize these 
relationships in lithostratigraphic, genetic sequence strati- 
graphic, depositional sequence stratigraphic, and/or regres- 
sion/transgression sequence stratigraphic correlations (e.g., 
see Cross, 1988; Hamilton and Tadros, 1994; Ryer, 1981; 
Aitken and Flint 1994,1995, van den Bergh, 1995; Garrison 
and van den Bergh, 1996). This paper details the high-reso- 
lution depositional sequence stratigraphy of the Upper 
Ferron Sandstone and outlines the ideas for the use of coal 
zone stratigraphy as a tool in high-resolution depositional 
sequence stratigraphic correlations, as proposed by Garrison 
and van den Bergh (1996). 

Coal zones-An Extension of Coal Seam Stratigraphy 

Flint et al., (1995), Aitken and Flint (1995), Gastaldo et al., 
(1993), Garrison and van den Bergh (1996) and van den 
Bergh (1995) have examined coal stratigraphy in a deposi- 
tional sequence stratigraphic context. Aitken (1994) pointed 
out that in many situations coals may become thin and lat- 
erally restricted, commonly becoming poorly developed, 
with carbonaceous mudstones, shales, and siltstone and 
paleosols becoming more prevalent. The observation that 
coal seams, in the Ferron Sandstone, are commonly associ- 
ated with carbonaceous siltstone and shales and paleosols, 
has suggested to the authors that coal zones (i.e. coals and 
their lateral equivalents) may prove useful tools in se- 
quence stratigraphic correlations in fluvial-deltaic systems. 

Garrison and van den Bergh (1996) define coal zones as 
coal seams and their laterally equivalent fissile carbona- 
ceous mudstones, shales and siltstones, paleosols (e.g., root- 
ed horizons), and flood plain mudstones. It should be noted 

variable geometry, associated with back barrier environ- 
ments, while coals in the upper delta plain to alluvial plain 
become thicker, more elongate, and associated with lacus- 
trine and fluvial deposition systems (e.g., Fielding, 1985). 
This paper extends the well documented coal seam stratig- 
raphy, as discussed above, to more non-marine, continental 
environments. Gamson and van den Bergh (1996) explain 
where these coal zones reside in the shoaling upward facies 
tracts outlined by Van Wagoner et. al. (1990) and developed 
a methodology for using coal zones in high resolution depo- 
sitional sequence stratigraphy. 

In the study of Garrison and van den Bergh (1996), a 
model was proposed in which peat accumulations and their 
laterally equivalent delta plain/alluvial plain facies associa- 
tions, occur, generally time synchronously, in a variety of 
depositional situations ranging from back barrier (near- 
marine) peat swamps (i.e., generating true coal seams as 
defined by Hamilton and Tadros (1994) and Ryer, (1981)), to 
local to sub-regional ephemeral organic-rich swamp/lacus- 
trine environments to very localized abandoned fluvial chan- 
nel settings. All of these organic-rich peat or organic-rich 
mud accumulations are time synchronous, although not 
necessarily connected in space, either in elevation or geo- 
graphic proximity. Ye (1995) also describes rooted paleosols 
that can also be correlated, for many kilometers, in fluvial 
flood-plain settings. This "South Louisiana" bayou/swamp 
model is most common in temperate to tropical delta plain 
and d~stal alluvial plain settings. Ryer (1981), McCabe (1993), 
Shanley and McCabe (1993), Cross (1988), and Vail (1987) 
have also discussed the occurrences of coal bearing strata in 
relation to their stratigraphic positions within a fluvial- 
deltaic sequence and hypothesized that the thickest accu- 
mulations of coal occur in areas landward of aggradational 
or landward-stepping shorelines. 

The coal zone stratigraphic model has been successfully 
tested in a 3 km strike cross-section of the delta plain/allu- 
vial plain facies association of the Ferron Sandstone. This 
coal zone correlation has also been further tested by con- 
structing of a 40 krn dip section, both north and south of 
the strike section, in the delta plain/alluvial plain to near- 
marine facies associations. It has been clearly demonstrated 
that coal seams occurring above near-marine parasequence 
sets are transitional into coal zones as they are traced land- 
ward into the non-marine facies associations (van den Bergh, 
1995; Gamson and van den Bergh, 1996). 

that a coal zone may, vertically or laterally, consist of any 
A Case Study in the Upper Ferron Sandstone 

combination of these components. This concept of coal 
zones has evolved as an outgrowth of the challenge of cor- The Upper Cretaceous Ferron Sandstone Member of 
relating coal horizons from within the lower delta plain/ the Mancos Shale accumulated during late Turonian time 
near-marine transition landward into the delta plain /allu- as a series of river- and storm-dominated deltaic deposition- 
vial plain environments. It is well known that lower delta al episodes (e.g., see Ryer, 1981). Offshore marine, delta- 
plain coals are generally laterally extensive and thin, with front, delta-plain, and alluvial-plain depositional facies are 
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recognized within the Ferron delta complex. Ryer and 
McPhillips (1983) recognized that the Ferron deltaic com- 
plex was composed of sediments deposited during a series 
of transgressions and regressions of the Cretaceous shore- 
line of the Mancos Sea. The upper clastic wedge of the 
Ferron Sandstone, known ad the Last Chance delta, can be 
subdivided into 7 major deltaic events (Ryer, 1991). Gardner 
(1993) described these deltaic events as genetic sequences. 
Recent workers have described them as parasequence sets 
(e.g., van den Bergh, 1995; Anderson and Ryer, 1995; Gar- 
rison and van den Bergh, 1996; 1997). Major coal beds 
occur within the Ferron Sandstone complex and, generally, 
mark the top of parasequence sets (van den Bergh, 1995; 
Garrison and van den Bergh, 1996). The coal nomenclature 
was first developed by Lupton (1916) and retained by Ryer 
(1981) and Gardner (1993). These coal beds can be easily 
correlated through the Ferron delta-front complex. Most of 
the major coal beds within the Ferron Sandstone contain 
one or more layers of kaolinitic/bentonitic material repre- 
senting altered volcanic ash falls (Ryer et. al., 1980; Gamson 
and van den Bergh, 1996). The coals together with altered 
volcanic ash layers can be used as time line indicators. 

The studies of Garrison and van den Bergh (1996; 1997) 
resulted in the construction of a short 3 krn strike cross-sec- 
tion in Willow Springs Wash, Willow Springs Quadrangle, 
to document the uses of coal zones as tools for delineating 
parasequence sets in non-marine sections, and in the con- 
struction of a 40 km long sub-regional dip cross-section 
from the Limestone Cliffs, north of Last Chance Creek, to 
Dry Wash, in Willow Springs, Walker Flat, Mesa Butte, 
Emery East, and Short Canyon Quadrangles to test the coal 
zone stratigraphy model. The strike cross-section is based 
on 11 measured sections, seven of which are detailed sedi- 
mentological measured sections and four are geometric 
(i.e., only thicknesses of lithologic units are recorded with 
grain-size and sedimentary structures generalized). The dip 
cross-section is a projected 40 km long section based on 45 
measured sections, five of which are geometric, and one 
core. The emphasis in the construction of these cross-sec- 
tions was the application of coal zone stratigraphy and its 
relationship to the architecture and stacking patterns of 
parasequences and parasequence sets in a depositional 
sequence stratigraphic framework. Parasequence sets were 
delineated, and where possible, parasequences were bro- 
ken out. The nature of the upper boundaries of parase- 
quences and parasequence sets was determined. 

The original delta cycle and/or genetic sequence and/or 
depositional sequence nomenclature (e.g., cycles 1-7, genetic 
sequences 1-7, and parasequence sets 1-7) is so prevalent 
in the literature (e.g., Ryer, 1991; Gardner, 1993; Ryer and 
Anderson,l995;, and Garrison and van den Bergh, 1996), 
that the authors have chosen to retain this numeric scheme 
in this study, although more than seven events have been 

identified by the authors. How this will be accomplished is 
described below. For example, multiple parasequences iden- 
tified within the original delta cycle 2 will be consecutively 
denoted as Parasequences 2a, 2b, 2c, etc. (Parasequence de- 
noted as upper case ). Furthermore, multiple parasequence 
sets identified within delta cycle 2 will be consecutively 
denoted as Parasequence Sets 2A, 2B, 2C, etc. (Parasequence 
Set denoted as upper case). This convention will retain the 
connection to the original Ferron nomenclature and make 
discussions of the newer depositional sequence stratigra- 
phy easier. The only exception to this scheme is that the 
oldest identified parasequence in Parasequence Set 1 is 
given the non-sequential, designation of Parasequence lz. 
This was done, in part, because its entire dip length has not 
yet been quantified in the studies of Gamson and van den 
Bergh (1996). 

Ferron Sandstone Depositional Sequence Stratigraphy 

These detailed cross-sections have delineated 12 parase- 
quence sets within the Upper Ferron Sandstone (fig. 3). In 
the cross-sections, 12 near-marine parasequences have been 
identified within Ferron Parasequence Set 1 (denoted lz, 
la-lk); 4 occur within Ferron Parasequence Set 2A (denoted 
2a-2d). Parasequence Set 2B contains only Parasequence 
2e. Parasequence Set 2C contains 5 parasequences (denot- 
ed 2f-2j). Parasequence Set 3 contains only two parase- 
quences. Both Parasequence Sets 4A and 4B contains only 
one parasequence. Parasequence Set 5A contains 2 parase- 
quences and Set 5B contains only one. Parasequence Set 6 
contains one parasequence. Parasequence Set 7 contains 4 
parasequences. Parasequence Set 8 contains two parase- 
quences. The single parasequences of Parasequence Sets 
2B, 4 4  4B, 5B, and 6 have been given hierarchical equiva- 
lence to a parasequence set. Parasequence Sets 3-8 are 
represented along the Ferron Sandstone outcrop belt as 
dominantly delta plain facies associations (fluvial channel 
belts, crevasse splays, delta plain mudstones, and carbona- 
ceous shale/coals). Fluvial channel belts have widthlthick- 
ness that varies as a function of parasequence set stacking 
pattern (van den Bergh and Gamson, 1996). These system- 
atics are honored in the coal zone stratigraphy and parase- 
quence set delineations. 

The 12 parasequence sets form four high frequency, 4th- 
order depositional sequences (denoted FS14)  (fig. 3). The 
lowest 4th-order sequence FS1 consists of three parase- 
quence sets. FS2 also consists of three parasequence sets. 
FS3 consists of two parasequence sets and FS4 consists of 
four parasequence sets. In general, the 4th-order deposi- 
tional sequences consist of progradational and/or aggrada- 
tional parasequence sets, with the upper-most, highstand 
(back-stepped) parasequence set lying stratigraphically 
above a transgressive lag deposit. The upper boundaries of 



u 
Figure 3. Cross-section showing the depositional sequence stratigraphy of the Upper Femon Sandstone. Between Limestone Cliffs and the Emery Mine is datum is the top of 
the sub-A coal zone; from the Emery Mine to Pictograph Point the datum is the base of the composite A-C coal zone; from Pictograph Point to Dry Wash the datum is the top 
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parasequence sets, when not coincident with sequence 
boundaries, are coal zones. 

The upper boundaries of 4th-order depositional se- 
quences FS1, FS2, and FS3, are marked by regionally ex- 
tensive erosional unconformities produced by major fluvial 
events that record major basinward shifts in depositional 
facies. It appears that erosion along these sequence bound- 
ary surfaces has removed most, if not all, of any previously 
deposited coals. The up-dip correlative surface of the upper 
boundary of FS2 is an extensive rooted zone in the non- 
marine part of the section. The up-dip correlative surfaces 
of FS1 and FS3 are still problematic. The lower boundary 
of FS1 is immediately above the Hyatti condensed section 
(Gardner, 1993) suggesting that it is actually a correlative 
conformity/condensed section boundary in this part of the 
basin. The upper boundary of FS4 is a below a concretion- 
bearing condensed section a few m above the uppermost 
sandstones of FS4. Based on this interpretation, FS1 should 
probably be assigned to the 3rd-order Hyatti Sequence of 
Gardner (1993) and FS2, FS3, and FS4 assigned to the 3rd- 
order Ferron Sequence of Gardner (1993). FS1 would be 
the 4th-order highstand depositional sequence of the 3rd- 
order Hyatti Sequence. FS2 and FS3 would be the 4th- 
order progradational to aggradational sequences of the 3rd- 
order Ferron Sequence (i.e., representing a shelf-margin 
systems tract) and FS4 is the 4th-order transgressive depo- 
sitional sequence of the Ferron Sequence. The 4th-order 
highstand sequence of the Ferron Sequence is not located 
in the study area, but is only represented by condensed 
section sediments. 

Seaward-Stepping Parasequence Sets 

In the context of the larger scale 3rd-order Ferron Se- 
quence defined by Gardner (1992; 1993), each of the delta 
cycles represented by Ferron Parasequence Sets 1, 2A-2C, 
and 3 progressively step seaward. The landward pinch-out of 
the near-marine sandstones (i.e., location of paleo-shorelines) 
of each younger parasequence set is progressive hrther 
down-dip. Internally, within each of these parasequence 
sets, the parasequences themselves exhibit a progradation- 
al, seaward-stepping stacking pattern. Coal zones typically 
occur at or near the top of these depositional parasequence 
sets, with the thickest portion of the coal zones occumng 
near the landward pinch-out of the near-marine delta-front 
sandstones of the depositional parasequence sets. The sub- 
A coal zone caps Ferron Parase- quence Set 1; the A coal 
zone caps Parasequence Set 2; the C coal zone caps Parase- 
quence Set 3. It is common for these coal zones to split 
near the top of a depositional parasequence set. 

Paraseauence Set 1 

Ferron Parasequence Set 1 contains at least 12 river-dom- 
inated, fluvial-deltaic parasequences (denoted lz, la-lk), 

that exhibit a seaward-stepping stacking pattern (fig. 3). 
Within Parasequence Set 1, the landward pinch-out of the 
near marine facies of each successively younger parase- 
quence steps seaward by an average of about 2-5 km, rela- 
tive to the landward pinch-out of the near marine facies of 
immediately underlying parasequence. The near-marine 
sandstones of Parasequence Set 1 extend at least 27 km in 
the dip direction. 

The near-marine parasequences in Ferron Parasequences 
Set 1 exhibit both vertical and lateral facies changes from 
(1) stream mouth bar (SMB), to (2) proximal delta front 
(pDF), to (3) distal delta front (dDF), to (4) prodelta (PD) 
(figs. 4 and 5). Both poximal and distal delta front deposits, 
as denoted here, represent subdivisions of the distal bar 
facies of Ryer (1981). Distributary channels (DC) and delta 
plain (DP) facies associations are commonly present as 
well. Distal prodelta/shelf slumping, indicating instability 
as a result of rapid deposition, is common. Contorted bed- 
ding, flame structures, escape burrows, and the cannibaliz- 
ing of distal stream mouth bar by poximal stream mouth 
bar (or distributary) channels also suggests generally a rapid 
rate of deposition (van den Bergh, 1995). In general, Para- 
sequence Set 1 delta front deposits exhibit little to mild evi- 
dence of wave influence. They locally exhibit poorly devel- 
oped hummocky stratification and only rare bi-directional 
ripple stratification. 

Parasequences lz-ld appear to represent a series of 
delta lobes prograding seaward in a northeasterly direction 
(25'40" azimuth), each of which progressively steps sea- 
ward and rises stratigraphically relative to the immediately 
underlying parasequence. The outcrop belt is approximately 
along the depositional dip direction. The landward pinch- 
out of the near marine facies, of each successively younger 
parasequence, steps seaward by an average of about 2-5 
krn, relative to the landward pinch-out of the near marine 
facies of immediately underlying parasequence. The near- 
marine facies of Parasequences la, Ib, Ic, and Id are 
approximately 4.9 km, 6.3 km, 8.4 km, and 7.5 km, in dip 
length, respectively, and maximum thicknesses are 24 m, 20 
m, 10 m, and 17 m, respectively. Parasequence l c  is a com- 
posite delta with 2 3  mouth bars. Parasequences le,  If, Ig, 
and l i  appear to have formed in response to the northwest- 
erly (310°3350 azimuth) progradation of very small, river- 
dominated sub-delta lobes. The outcrop belt cuts these 
parasequences in a strike-oblique direction. Parasequences 
le,  If, lg, and l i  are approximately 2.9 km, 3.7 km, 2.7 km, 
and 2.5 km in strike width, respectively, and the maximum 
thicknesses are 22 m, 17 m, 9 m, and 13 m, respectively. 
Parasequence If appears to be a composite delta with two 
mouth bars. Parasequences l h  and Ik appear to represent 
small delta lobes prograding seaward in a northeasterly 
direction. Parasequence Ik pinches out into a split of the 
sub-A coal zone. The dip lengths of l h  and lk are approxi- 
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Figure 4. Photograph of the Upper Fen-on Sandstone Parasequence Set 1 at Ivie Creekll-70 outcrop. 

mately 2.5 km and 2.4 km and maximum thicknesses are 15 
m and 7 m, respectively. 

Parasequence Ij, occurs within a split in the sub-A coal 
zone, and is represented in the outcrop belt as a brackish 
water bay mudstone, to the south near 1-70, and as a small 
2.9 km, 3 m thick delta front sandstone body, to the north in 
Quitchapah Creek Canyon. 

In the Limestone Cliffs, the sub-A coal zone is approxi- 
mately 15 m thick and splits into two components denoted 
sub-A1 and sub-A2. The sub-A1 coal zone disappears in 
Coyote Basin and the Sub-A2 coal zone disappears in Rock 
Canyon. A coal zone stratigraphically equivalent to the 
Sub-& reappears in Blue Trail Canyon and splits into two 
components near 1-70, where they are designated the sub- 
A3 and sub-A4. The sub-A3 and sub-A4 section of the sub- 
A coal zone extends some 8.5 km, from Blue Trail Canyon 
to North Quitchapah Creek. The total dip length for the 
sub-A coal zone is at least 27 km. In the Limestone Cliffs, 
the sub-A2 coal zone contains a very well-developed ton- 
stein. This sub-A2 tonstein has not been identified further 
down-dip. 

2B. Parasequence Set 2B is severely truncated by sequence 
boundary erosion, such that its true extent cannot be ascer- 
tained. Parasequence Set 2C contains 5 parasequences 
(2f-2j). The near-marine sandstones of Parasequence Set 
2C extend allout 29 km in the dip direction. 

The near-marine parasequences in Ferron Parasequence 
Set 2A, 2B, and 2C all exhibit both vertical and lateral facies 
changes from (1) stream mouth bar and reworked stream 
mouth bar (frequently preserved as upper shoreface deposits 
(USF)), to (2) reworked delta front (pDF and dDF) (fre- 
quently preserved as middle (MSF) and lower shoreface 
(LSF) deposits), to (3) prodelta (figs. 6 and 7). South of 
Willow Springs Wash, distributary channels and delta plain 
facies associations are present as well. In general, Parase- 
quence Set 2 stream mouth bar and distal bar (i.e., pDF 
and dDF) deposits exhibit evidence of moderate wave 
influence. The stream mouth bar deposits are frequently 
moderately burrowed (ichnofacies Skolitlaos) and may exhibit 
well-developed trough and hemngl>one stratification. The 
distal bar deposits are frequently moderately burrowed 
(ichnofacies SkolitJlos and Cwiana),  but exhibit well- 
developed hummocky and planar stratification and bi- 
directional ripple-stratification (van den Bergh, 1995). 

Parasequences 2a and 2b appear to represent large wave 
influenced, river-dominated delta lobes prograding seaward 
in a northeasterly direction. South of 1-70, Parasequence 2a 
progrades northeast (034" azimuth) (van den Bergh, 1995). 
In the vicinity of 1-70 and Ivie Creek, Parasequence 2a pro- 
grades northeast (025" azimuth). Parasequence 2b is actually 

Paraseauence Sets 2A. 2B. and 2C 

Parasequence Set 2A contains 4 wave-modified, river- 
dominated parasequences (2a-2d), that exhibit a seaward- 
stepping stacking pattern (fig. 3). The near-marine sand- 
stones of Parasequence Set 2A extend about 36 km in the 
dip direction. Parasequence 2e is hierarchically equivalent 
to a parasequence set and is placed in Parasequence Set 
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Figure 5. Measured section through the Upper Ferron Sandstone Parasequence Set 1 at the 1- 70 roadcut. 
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a composite delta lobe with a more easterly progradation 
direction. In the vicinity of Scabby Canyon and 1-70, Para- 
sequence 2b progrades northeast (045" azimuth). The land- 
ward pinch-out of the near-marine facies of Parasequence 
2b steps seaward 3.5 lan, relative to the landward pinch-out 
of the near-marine facies of the immediately underlying 
Parasequences 2a. Near-marine Parasequence 2c appears 
to be a deltaic lobe prograding northeast (025" azimuth) into 
a quiet brackish-water bay. The landward pinch-out of near- 
marine facies of Parasequence 2c occurs almost 7.5 km sea- 
ward of the landward pinch-out of the underlying Parase- 
quence 2b. Parasequence 2d is a major delta lobe prograd- 
ing northeast (050" azimuth). The landward pinch-out of 
Parasequence 2d steps seaward almost 2.7 km from the 
pinch-out of Parasequence 2c. There is slight stratigraphic 
rise associated with each seaward step. The near-marine 
facies of Parasequences 2a, 2b, 2c, and 2d are approximately 
18.0 km, 15.1 km, 11.4 km, and 24.0 km in dip length, re- 
spectively and maximum thicknesses are 31 m, 16 m, 10 m, 
and 19 m, respectively. 

Parasequence 2e has its landward pinch-out, in Quit- 
chapah Creek Canyon, about 0.5 km seaward from the 
pinch-out of Parasequence 2d. In Bear Gulch, Parasequence 
2e lies upon a highly bioturbated transgressive lag deposit. 
This transgressive lag deposit can be traced over 3 km 
northward into Muddy Creek Canyon, where it goes into 
the subsurface. Parasequence 2e has a very small stream 
mouth bar deposit and for much of its length. In Muddy 
Creek Canyon, it has distal delta front and prodelta facies 
lying stratigraphically above the stream mouth bar deposits 
of Parasequence 2d, suggesting a slight back-stepping rela- 
tive to Parasequence 2d. Based on these observations, Para- 
sequence 2e has been assigned to the stratigraphically higher 
Parasequence Set 2B. Due to severe degrees of erosional 
truncation by overlying fluvial deposits, it cannot be deter- 
mined whether additional parasequences existed in Parase- 
quence Set 2B prior to Parasequence Set 2C fluvial erosion. 

From North Quitchapah Creek Canyon, near the Emery 
Mine, to Muddy Creek Canyon, Parasequence Set 2C con- 
sists of a major fluvial channel belt complex that incises up 
to 25 m deep into Parasequence 2A and 2B. South of 1-70, 
this incision is represented only as an erosional unconfor- 
mity, with up to 30 m of relief, as most of the sediment was 
by-passed some 5 km seaward to the northeast. This fluvial 
system marks a basinward shift of 3 km and a substantial 
base level fall. The wave-modified, river dominated, near- 
marine sandstones of Parasequence 2C, represented by 
Parasequences 2f, 2g, 2h, 2i, and 2j have their landward 
pinch-outs in South Muddy Creek Canyon, Muddy Creek 
Canyon, north of Bitter Seep Wash on the Molen Reef, Dry 
Wash, and near Short Canyon, respectively. Parasequences 
2f and 2g are near vertically stacked. Parasequences 2h, 2i, 

and 2j represent seaward steps of 6.7 km, 1.2 km, and 7.5 
krn respectively The near-marine facies of Parasequences 
2f, 2g, 2h, 2i, and 2j are approximately 16.2 km, 16.8 km, 
11.6 km, 16.7 km, and 13.3 km in dip length, respectively 
and maximum thicknesses are 8 m, 10 m, 13 m, 15 m, and 
11 m, respectively. Locally, in the Miller Canyon area, the 
upper part of Parasequence Set 2C contains small laterally 
restricted flood tidal delta deposits. These deposits are inti- 
mately associated with the A coal zone. 

Parasequence Set 2C is capped by the A coal zone (fig. 
3). In Blue Trail Canyon, the A coal zone splits into three 
components denoted Al, A2, and A3; the A1 coal zone dis- 
appears near 1-70; only the A2 and A3 coal zones can be 
seen in Quitchapah Creek Canyon. In the region from just 
south of Bear Gulch to Muddy Creek, the A coal zone lies 
conformably below the C coal zone. The A coal zone 
extends over 40 km, from the Limestone Cliffs to just north 
of Dry Wash. Most of the coal deposited at the top of 
Parasequence Sets 2A and 2B was probably subsequently 
removed by erosion and is now represented only by the 
unconformity between FS1 and FS2. This will be discussed 
in more detail below. 

Parasequence Set 3 

Parasequence Set 3 contains 2 wave-modified, river- 
dominated parasequences, that exhibit an aggradational to 
seaward-stepping stacking pattern (fig. 3). The near-marine 
sandstones of Parasequence Set 3 extend about 22 km in 
the dip direction. Parasequence Set 3 contains 2 parase- 
quences, denoted Parasequences 3a and 3b. In the south- 
em half of the outcrop belt, Parasequence Set 3 is repre- 
sented by non-marine delta plain facies associations com- 
posed of delta plain mudstones, large distributary channel 
belts, crevasse splay sandstones, over-bank deposits, and 
carbonaceous shales and siltstones. 

The near-marine parasequences in Ferron Parasequence 
Set 3 exhibit both vertical and lateral facies changes from 
(1) stream mouth bar and reworked stream mouth bar (fre- 
quently preserved as upper shoreface deposits (USF)), to 
(2) reworked delta front (pDF and dDF) (frequently pre- 
served as middle (MSF) and lower shoreface (LSF) deposits), 
to (3) prodelta. From Cedar Ridge Canyon to Dry Wash, 
Parasequence Set 3 also contains tidal inlet and channel 
deposits. 

Parasequences 3a and 3b represent delta lobes with a 
general east-northeastern progradational direction (075" 
azimuth). This paleoshoreline is much north-south oriented 
(approximately 345" azimuth) than that of underlying and 
overlying parasequence sets. Parasequence 3a and 3b have 
near-marine facies that are 10.8 km and 20.8 km in dip 
length, respectively, and maximum thicknesses of 5 m and 
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Figure 6. Photograph of the Upper Ferron Sandstone Parasequence Set 2A at the 1-70 roadcut. 

16 m, respectively. Parasequence 3b steps seaward less 1 km 
relative to Parasequence 3a. Parasequence 3a steps land- 
ward 13 km relative to the youngest parasequence in Para- 
sequence Set 2C. 

Parasequence Set 3 is capped by the C coal zone. The C 
coal zone extends over 35 km from the Limestone Cliffs to 
it seaward pinch-out in Cedar Ridge Canyon. In Willow 
Springs Wash, the C coal zone splits into two components 
denoted C1 and C2; the C2 coal zone appears to not be 
present further down-dip than north Quitchapah Creek; 
the C1 coal zone locally splits into two components near 
Rock Canyon, but merges at Blue Trail Canyon and splits 
again at Ivie Creek, but merges again just south of Bear 
Gulch. The C coal zone has multiple tonstein layers. The 
C2 coal zone tonstein can be traced from Ivie Creek to its 
pinch-out in north Quitchapah Creek. The thickest tonstein 
in the C1 coal zone can be traced from Corbula Gulch, just 
south of Blue Trail, northward to northern portions of 
Muddy Creek, near Pictograph Point. Numerous smaller 
tonsteins can also be correlated from north of 1-70 to 
Muddy Creek. 

Aggradational Parasequence Sets 

In the context of the larger scale 3rd-order Ferron 
Sequence defined by Gardner (1993), the delta cycles rep- 
resented by Ferron Parasequence Sets 4A4B and 5A5B 
are essentially vertically stacked (i.e., aggradational) (fig. 3). 
In the southern 25 km of the outcrop belt, Parasequence 
Sets 4A, 4B, 5A, and 5B are represented by non-marine 
delta plain facies associations composed of delta plain mud- 
stones, large distributary channel belts, crevasse splay sand- 
stones, over-bank deposits, and carbonaceous shales and 
siltstones. Coal zones occur at or near the top of Parase- 
quence Sets 4B and 5B, with the thickest portion of the 
coal zones occurring near the landward pinch-out of the 
near-marine delta-front sandstones. Parasequence Set 4B is 
capped by the G coal zone and Parasequence Set 5B is 
capped by the I coal zone. The near-marine facies of Para- 
sequence Set 4A and 5A are sub-regionally bounded above 
by erosional unconformities representing 4th-order deposi- 
tional sequence boundaries. 
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Figure 7. Measured section through the Upper Ferron Sandstone Parasequence Set 2A at the 1- 70 roadcut. 



170 BYU GEOLOGY STUDIES 1997, VOL. 42, PART I1 

Parasequence Set 4A and 4B 

Parasequence Sets 4A and 4B appears to contain only 
one parasequence (fig.3). The near-marine facies of the single 
parasequence in each Parasequence Sets 4A and 4B repre- 
sent wave-dominated, wave-reworked delta front deposits. 
Near-marine facies of the parasequences in Parasequence 
4a is 15.0 km, and the maximum thickness is approximately 
28 m. Near-marine facies of the Parasequences 4b, in 
Parasequence Set 4B, is 11.2 krn in dip length with a maxi- 
mum thicknesses of approximately 20 m. The near-marine 
facies of both parasequences exhibit vertical and lateral 
facies changes from (1) stream mouth bar and reworked 
stream mouth bar (frequently preserved as upper shoreface 
deposits (USF)), to (2) reworked delta front (pDF and dDF) 
(frequently preserved as middle (MSF) and lower shoreface 
(LSF) deposits), to (3) prodelta. The stream mouth bar and 
reworked stream mouth bar deposits contain trough and 
hemngbone stratification and frequently contain the ichno- 
fossil Ophiommpha. The reworked delta front deposits (pDF 
and dDF) contain hummocky, planar, and ripple cross-strat- 
ification and frequently the ichnofossils Ophiomorpha, 
Teichichnus, Chondrites, Cylindrichnus, Arenicolites, Diplo- 
craterion, and Thalassinoides. 

In Miller Canyon, Parasequence 4a of Parasequence Set 
4A rests on a transgressive lag deposit. This deposit reworks 
the upper part of the C coal zone and exhibits extreme bio- 
turbation. This transgressive deposit can be traced north- 
ward over 13 km to Dry Wash. The paleoshoreline of the 
near-marine facies of Parasequence 4a shifts landward 
approximately 7 krn relative to the paleoshoreline of under- 
lying Parasequence 3b. In Miller Canyon and southward 
into Bear Gulch, there is approximately 20 m of erosional 
relief developed on Parasequence Set 44, as fluvial channel 
belts of Parasequence Set 4B scour down into the underly- 
ing parasequence (fig 8). The paleoshoreline of the near- 
marine facies of Parasequence Set 4B shifts basinward some 
7 krn relative to the paleoshoreline of Parasequence Set 4A 
and is accompanied by at least 32 m of erosion. This change 
in shoreline position and baselevel and the development of 
the erosional unconformity indicate that the boundary 
between Parasequence Sets 4A and 4B is the sequence 
boundary between 4th-order depositional sequences FS2 
and FS3. In the non-marine part of the Parasequence Set 
4A, south of Bear Gulch, Parasequence Set 4A is capped by 
a very laterally extensive rooted zone (designated the E 
Rooted Zone). This rooted zone can be traced from just 
north of Last Chance Creek northward to just south of Bear 
Gulch, where it is correlative with the erosional unconfor- 
mity between Parasequence Set 4A and 4B cropping out in 
Bear Gulch and Miller Canyon. 

The G coal zone caps Ferron Parasequence Set 4B. 
South of Indian Canyon, in the Limestone Cliffs, the G coal 

zone is completely scoured out by distributary channel 
belts and does not occur further south than Mussentuchit 
Wash. Curiously, the G coal zone does not split within the 
study area. The G coal zone extends over 27 km from its 
erosional limit in the Limestone Cliffs to it seaward limit 
north of Bitter Seep Canyon. 

Paraseauence Set 5A and 5B 

Parasequence Set 5A is a progradational to aggradational 
set containing two parasequences (fig. 3). The near-marine 
facies of the parasequences in each Parasequence Sets 5A 
and 5B represent wave-dominated, wave-reworked delta 
front deposits. They all exhibit both vertical and lateral 
facies changes from (1) stream mouth bar and reworked 
stream mouth bar (frequently preserved as upper shoreface 
deposits (USF)), to (2) reworked delta front (pDF and dDF) 
(frequently preserved as middle (MSF) and lower shoreface 
(LSF) deposits), to (3) prodelta. The stream mouth bar and 
reworked stream mouth bar deposits contain trough stratifi- 
cation and frequently contain Ophiomorpha. The reworked 
delta front deposits (pDF and dDF) contain hummocky, 
planar, and ripple cross-stratification and are commonly 
contain the ichnofossils Ophiomorpha and Thalassinoides 
and occasionally Skolithos. 

The landward pinchout of Parasequence 5b is truncated 
by fluvial channels of Parasequence Set 5B, but can be 
located to within 1 km. This erosion makes estimates of 
maximum length and thickness problematic. Near-marine 
facies of the Parasequences 5a, and 5b, in Parasequence Set 
5A, are approximately 10.4 km, and 9.6 km in dip length, 
respectively, and maximum thicknesses are approximately 
14 m, and 15 m, respectively. The estimated overall dip 
length of Parasequence Set 5A is approximately 11 km with 
a maximum thickness of approximately 33 m. The near- 
marine facies of the Parasequence 5c, in Parasequence Set 
5B, is 8.5 km in dip length and has a maximum thickness of 
16 m. 

Parasequence Set 5A backsteps landward about 2.2 km, 
from the position of the landward pinch-out of Parasequence 
Set 4B. From the southern goosenecks of Muddy Creek Can- 
yon to Picture Flats, the top of Parasequence Set 5A has 
from 10 to 20 m of erosional relief developed, as fluvial 
channel belts of Parasequence Set 5B scour down into the 
underlying parasequence set. This represents a basinward 
shift of at least 3 km. Within progradational to aggradational 
Parasequence Set 5A, Parasequence 5b steps seaward 0.7 
km, relative to the underlying Parasequences 5a. 

The I coal zone caps Ferron Parasequence Set 5B. South 
of Indian Canyon, in the Limestone Cliffs, the I coal zones 
are completely scoured out by distributary channel belts 
and does not occur further south than Mussentuchit Wash. 
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Figure 8. Photogruplt showing the sequence hozinclary separating Upper Ferron Purasequence Sets 4A and 4B in Bear Gulch. 

South of Coyote Basin, the I coal zone splits into three 
zones, denoted as the 11, 12, and IB coal zones. 

Landward-Stepping Parasequence Sets 

Ferron Parasequence Sets 6, 7, and 8 each progressively 
step landward, relative to the older, underlying parase- 
quence sets (Gardner, 1993) (fig. 3). Along most of the out- 
crop belt, Parasequence Sets 6, 7, and 8 are represented by 
delta plain facies associations composed of delta plain mud- 
stones, wide distributary channel belts, crevasse splay sand- 
stones, over-bank deposits, and carbonaceous shales and 
siltstones. Parasequence Sets 6, 7, and 8 contain one, four, 
and two parasequences, respectively. The near-marine facies 
of the parasequences in each Parasequence Sets 6, 7, and 8 
represent a wave-dominated, wave-reworked delta front 
deposit. They all exhibit both vertical and lateral facies 
changes from (1) stream mouth bar and reworked stream 
mouth bar (frequently preserved as upper shoreface deposits 
(USF)), to (2) reworked delta front (pDF and dDF) (fre- 
quently preserved as middle (MSF) and lower shoreface 
(LSF) deposits), to (3) prodelta. The stream mouth bar and 

reworked stream mouth bar deposits contain trough stratifi- 
cation and frequently contain Ophiomorpha and Arenico- 
lites. The reworked delta front deposits (pDF and dDF) 
contain hummocky, planar, and ripple cross-stratification 
and commonly contain the ichnofossils Ophiomorpha and 
Thalassinoides. Locally, the base of Parasequence Set 7, 
resting on the J coal zone, contains the trace fossils Teich- 
ichnus, Thalassinoides, Planolites, and Rhizocorallium. 

Near-marine facies of Parasequence Sets 6, 7, and 8 are 
approximately 2.8 km, 6.7 km, and 5.4 km, in dip length, 
respectively. The thicknesses of the near-marine facies of 
the Parasequence Sets 6, 7, and 8 are 6 m, 8 m, and 7 m, 
respectively. Parasequence 6a of Parasequence Set 6 is 2.8 
km in dip length and has a maximum thickness of 6.4 m. 
Parasequence 6a backsteps 2 km relative to Parasequence 
Set 5B. Parasequences 7a, 7b, 7c, and 7d of Parasequence 
Set 7 are 1.3 km, 2.4km, 3.2 km, and 3.8 km in dip length 
and have maximum thicknesses of 3.6 m, 2.1 m, 8.5 m, and 
3.6 m, respectively. Parasequence Set 7 is a retrogradational 
parasequence set with the near-marine facies of Parase- 
quence 7d back-stepped landward 2.9 km, relative to Para- 
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sequence 7c. Parasequence 7c backsteps 1.4 lan landward, 
relative to Parasequence 7b and Parasequence Set 7b back- 
steps 1.7 km landward, relative to 7a. Parasequence 7a steps 
landward 0.2 km, relative to Parasequence Set 6. Parase- 
quences 8a and 8b of Parasequence Set 8 are 2.8 km and 
3.4 km in dip length and have maximum thicknesses of 3.2 
m and 3.4 m, respectively. Parasequence Set 8 is a retrogra- 
dational parasequence set with the near-marine facies of 
Parasequence 8b back-stepped landward 2.0 lan, relative to 
Parasequence 8a. Between south Quitchapah Creek and 
the Emery Mine, Parasequence 8 is separated from Parase- 
quence Set 7 by a extra-basinal pebble lag. The pebbles 
range from 1 cm up to 10 cm in length and are found 
nowhere else in the Upper Ferron Sandstone. In some 
areas, these pebbles are found floating throughout the near- 
marine facies of Parasequence Set 8. 

Coal zones occur at or near the top of these depositional 
Parasequence Sets 6 and 7. The J coal zone caps Ferron 
Parasequence Set 6; the M coal zone caps Ferron Parase- 
quence Set 7. The M coal zone capping Parasequence Set 7 
is only exposed from North Fork Canyon to Willow Springs 
Wash and from Ivie Creek to south Quitchapah Creek 
Canyon. North of Willow Springs Wash, the top of Parase- 
quence Set 7 is represented only as a burrowed transgres- 
sive surface; the burrows are marine Thulassinoides belong- 
ing to the Skolithos ichnofacies. South of North Fork Canyon 
the surface is rooted and is burrowed by non-marine 
Scoynia. In the Muddy Creek Canyon area, Parasequence 
Set 7 is capped by a thin shale interval containing septarian 
nodules. Parasequence Set 8 is locally capped by lag of oys- 
ter fragments and a thin shale interval containing septarian 
nodules. 

Architectural Systematics of Near-Marine Facies 

A plot of dip length versus thickness for Ferron Parase- 
quence Sets and Parasequences is shown in figure 9. 
Examining the dimensions of parasequence sets and para- 
sequences, clear trends can be discerned. When classified 
according to their delta cycle stacking arrangement in the 
3rd-order Ferron Sequence (Gardner, 1993), the total near- 
marine facies of the parasequence sets occupy distinct 
fields on the plot of dip length versus thickness. The 3rd- 
order seaward-stepping Parasequence Sets 1,2A-2C, and 3 
have mean dip lengths of 24 km with mean thicknesses of 
24 m; the mean aspect ratio (i.e., length/thickness) is 1180. 
The 3rd-order aggradational Parasequence Sets 4A4B and 
5A5B have mean dlp lengths of 11 km with mean thick- 
nesses of 24 m; the mean aspect ratio is 490. The 3rd-order 
landward-stepping Parasequence Sets 6,7, and 8 have mean 
dip lengths of 5 km with mean thicknesses of 7 m; the mean 
aspect ratio is 682. This suggests that the general trend in 
3rd-order delta cycle evolution within the Ferron Sequence 

(Gardner, 1993) is one of first seaward-stepping of thick, 
long parasequence sets, followed by the aggradation of thick, 
short parasequence sets, and finally followed by the back- 
stepping of thin, short parasequence sets. When considered 
in the context of the slow 3rd-order sea-level rise, this over- 
all trend can be explained by a systematic decrease in sedi- 
ment supply. In the seaward-stepping parasequence sets, 
sediment supply is large relative to available accommodation 
space, resulting in substantial seaward-stepping (i.e., pro- 
gradation) of the deltas. Very early in this period (i.e., Para- 
sequence Set 1 time), the deltas were extremely river domi- 
nated, with little wave-reworlang. Later, there is an increase 
in the degree of wave-reworking, but still an abundance of 
sediment for major seaward progradation. Midway through 
the Ferron deposition (i.e. the aggradational phase of the 
3rd-order cycle), sediment supply declined. This, coupled 
with substantial wave reworking slowed the seaward pro- 
gradation, allowing aggradation of several delta cycles. In 
the final phase (i.e., during the back-stepping phase of 
Ferron deposition), sediment supply decreased dramatical- 
ly resulting in small retrogradational deltas and a retreat of 
the paleoshorelines. These well defined trends suggest that 
the 4th-order depositional sequence events, described 
above, are superimposed on the 3rd-order sediment supply/ 
accommodation space driven trends and that the superim- 
posed 4th-order internal stacking patterns have little over- 
all geometrical effects. 

Examination of the dip length and thickness systematics, 
at the parasequence scale, reveals groupings based on the 
degree of wave-reworlang (fig. 9). In particular, in the sea- 
ward-stepping phase of the 3rd-order cycle where both 
river-dominated parasequences and wave-reworked parase- 
quences occur, the effects of degree of wave-reworking is 
very evident. In the very river-dominated Parasequence 
Set 1, the average near-marine facies of the parasequences 
is 15 m thick and 5.4 km long, with a mean aspect ratio of 
400. The strike dimensions of parasequences suggest that 
these deltas had dip lengthlstrike width aspect ratios near 
1.8. These systematics are reasonable in light of the typical 
morphology and avulsion frequency exhibited by river-domi- 
nated deltas. The river-dominated, but wave-reworked 
near-marine facies of parasequences of Parasequence Sets 
2A, 2C, and 3 are similar in thickness, with a mean thick- 
ness of 15 m, but have substantially longer dip lengths, 
averaging 15.9 km, and higher aspect ratios (e.g., mean 
aspect ratio is 1124). The length and thickness systematics 
of the parasequences belonging to the 3rd-order aggrada- 
tional phase of Ferron deposition are somewhat thinner 
than the wave-reworked seaward-stepping deltas (i.e. mean 
thickness is 19 m), and shorter in dip length (i.e., mean dip 
length is 11 km); mean aspect ratio is 602. This decrease in 
progradational length reflects the overprint of a declining 
sediment supply, as discussed above. The parasequences 
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belonging to the back-stepping phase of Fei-ron deposition 
have lengths and thickness that appear to be mainly con- 
trolled by the continued, but dramatic, decrease in sediment 
supply. They are shorter in dip length, with mean lcngtl~s of 
only 2.8 km, and are thin, with mean thicknesses of only 4 
m, resulting in a rnearl aspect ratio of 754. 

It is clear fi-on1 these dimensional data that the volume 
of seditnent progressively decreased throughout Ferron 
deltaic deposition. No relationship can be fitund with the 
positions of parasequences or parasequence sets within the 
higher frecluency 4th-order sequences. Therefore, it can he 
assumed that the effects of the 4th-order sea-level tluctua- 
tions were over-shadowed by the overwhelming effects of a 
constantly varying sediment supply. 

Arclutectural Syste~rutics of No~i-marine Chamel 
Belt Sandstones 

A favorable strike outcrop section that exposes almost 
the complete delta plain facies association of the Ferron 
Sandstone stratigraphic interval is located in Willow Springs 
Wash, M'illow Springs Quadrangle, Emery and Sevir~r Coun- 
ties (fig. 1). Outcrop studies to quantify the sizes and shapes 
of Ferron Sandsto~le tluvial channel belts were conducted 
hy the authors in FVillow Springs Wash, along both the north 
and south canyon walls (van den Bergh, 1995; varr den Bergh 
and Garrison, 1996). These data represent the majority of 
the data for the followi~lg discussion and subsequent statis- 
tical analyses. Barton (1994) and Lowry and Jacobsen (1993) 
acquired data for some fluvial channel belts hrther north 

from Willow Springs Wash; diis clata is also included in the 
following analysis. 

Exanrination of the channels belts in Willow Springs 
Wash reveals clear differences in charlnel belt in tend  and 
external architecture as a function of channel position with- 
in the stacking arrangement in the 3rd-order Iierron 
Sequence (fig. 10). The fluvial channel belts of seaward- 
stepping paraseqrrence sets are generally laterally restricted 
and multi-storied with channel filling elcmerlts (i.c., macro- 
forms ancllor bdorms) geiierally stacked vcrtically within 
the channel belt boundaries. The fluvial channel belts of 
aggraciational parasequence sets are generally quite laterally 
extensive and multi-storied with channel filling elements 
generally stacked en echelon laterally within the channel 
belt boundaries. The fluvial channel belts of landward-step- 
ping parasequence sets are laterally extensive and sheet-like 
with channel filling elements generally stacked vertically 
within the channel belt boundaries. 

The proximal seaward-stepping fluvial chanirel belts 
(i.e., those charrnel belt cross-sections that are located near 
the upper delta plain and adjoining the allt~vial plain) in 
Willow Springs W a ~ h  have a bimodal thickness distribution 
ranging in tllicktiess from 2.4 m to 20.1 nl with thicknesses 
hetween 3-5 m and 12-14 m being most common. Their 
widths range fro111 77 111 to 580 111, with widths near 90-220 
and 360430 m being most common. The width/thickncss 
aspect ratios range from 7.8 to 52.9, with an average of 29.5 
(fig. 10). Tlie distal distributary cllannel belts (i.e., those 
near the paleoshoreline) are generally narrower anc'l thicker 
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than the proximal channel belts with widths ranging from 
43 m to 510 m, averaging 195 m, and thicknesses ranging 
from 4.9 m to 22.9 m, with thickness of 5-9 and 15-18 m 
being most common. The aspect ratios of the distal distrib- 
utary channel belts are also much less than those of the 
proximal channel belts ranging from 7.1 to 45.5, averaging 
16.6. This change in size and shape of the seaward-stepping 
hstributary channel belts is consistent with the change in 
channel morphology resulting from river bifurcation. 

The proximal aggradational distributary channel belts in 
Willow Springs Wash have a bimodal thickness distribution 
ranging in thickness from 4.6 m to 18.3 m, with thicknesses 
between 8-11 m and 17-18 m being most common. Their 
widths range from 380 m to 1448 m, with widths near 
380580 m being most common. The width/thickness aspect 
ratios range from 31.9 to 97.4, with an average of 57.2 (fig. 
10). The distal distributary channel belt, reported by Barton 
(1994) at Cedar Ridge, is generally narrower and thicker 
than the proximal channel belts with a width of 255 m, and 
a thickness of 21.3 m. The aspect ratio of 12.0 for the distal 
distributary channel belt at Bitter Seep Canyon is also much 
less than those of the proximal channel belts. This change 
in size and shape of the aggradational fluvial channel belts 
is consistent with the change in channel morphology result- 
ing from river bifurcation. The proximal aggradational fluvial 
channel belts in Willow Springs Wash are generally much 
wider than the seaward-stepping channel belts, while the 
thicknesses are generally slightly greater; aspect ratios of 
the aggradational fluvial channel belts are a factor of two 
higher that those of the proximal channel belts. 

The proximal landward stepping fluvial channel belts in 
Willow Springs Wash have a thickness distribution ranging 
in thickness from 2.7 m to 7.9 m, averaging 5 m in thick- 
ness. Their widths are uniformly distributed from 228 m to 
809 m. The widthfthickness aspect ratios range from 43.8 to 
195.0, with aspect ratios near 65-90 and 185-195 being 
most common (fig. 10). The landward-stepping channel belts 
in Willow Springs Wash are similar in width to the proximal 
channel belts, but generally much wider than the seaward- 
stepping channel belts; these channel belts are generally 
thinner that either the aggradational or seaward-stepping 
channel belts; aspect ratios of the landward-stepping fluvial 
channel belts are generally higher that those of the aggra- 
dational and seaward-stepping channel belts. 

The aspect ratio distributions for the individual channel 
fill elements within the fluvial channel belts, are similar, 
regardless of position within the deltaic staclang pattern, 
suggesting that only channel belt internal stacking patterns 
vary between the fluvial channel belts within the Ferron 
seaward-stepping, aggradational, and landward-stepping 
stacking pattern. The proximal channel belt fill elements 
are generally thicker and wider than the distal channel belt 

fill elements. This change in size of the distal fluvial chan- 
nel belt macroforms is also consistent with the change in 
channel morphology resulting from river bifurcation. 

The channel belts, in context of their position within the 
Ferron staclang pattern, exhibit clear differences in channel 
belt internal and external architecture as a function of 
stacking pattern. Channel belts evolve through the spec- 
trum from supplying the purely river-dominated to the 
lobate wave-dominated to the strandbeach type strongly 
wave-dominated deltaic systems. As they move from river- 
dominated, seaward-stepping deltaic systems to more wave- 
dominated aggradational systems, they change from multi- 
storied belts with channel fill elements stacked vertically 
within the channel belt boundaries to increasingly wider 
and quite laterally extensive multi-storied channel belts with 
channel fill elements generally stacked in echelon laterally 
within the channel belt boundaries. As the deltas begin to 
step landward during strong (relative) transgressions, the 
channel belt morphology responds by becoming thinner 
and narrower, yet still quite laterally extensive. 

Lithologic Composition of Coal Zones 

Analysis of the coal zone thicknesses and compositions 
obtained from detailed measured sections has allowed 
some quantification of coal zone systematics as a function of 
dip length along the Ferron delta cycles (i.e., parasequence 
sets). Choosing an appropriate datum, with respect to which 
systematics are to be examined is difficult and problematic. 
One might choose the landward pinch-out of the near-marine 
facies of a parasequence set, or the landward pinch-out of 
the stratigraphically highest parasequence in the parase- 
quence set, or the mean paleoshoreline position for the 
parasequence set, or the mean position of the paleoshore- 
line of the highest parasequence in the parasequence set. 
In this paper, the coal zone systematics are examined as a 
function of position along the dip cross-section of Garrison 
and van den Bergh (1996; 1997) (fig. I), but the details of 
the coal zones are discussed in terms of the general archi- 
tecture of the underlying parasequence set. In this analysis, 
the coal seam and coal zone thicknesses are the sums of all 
coal seams and coal zone thicknesses of all splits of the coal 
zone at the sampling location. The total coal zone thickness 
is the sum of the thicknesses of the coal seams, the carbona- 
ceous shales, mudstones, and siltstones, tonsteins, paleosols, 
and delta plain mudstones and siltstones included within 
the coal zone. 

Coal zones generally thicken landward relative to the 
mean position of the landward pinch-out of the underlying 
parasequence set, but after some distance landward, they 
decrease in thickness. This can be seen well in a plot of coal 
zone thickness and coal thickness versus &stance for the C 
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Figure 11. Thickness profile of Upper Ferron C coal zone along its Figure 12. Thickness profile of Upper Fem-on sub-A coal zone along 
dip length. its dip length. 

coal zone, from Limestone Cliffs to Muddy Creek Canyon 
(fig. 11). In this plot, the C coal zone progressively increases 
in thickness in a landward direction until it reaches a maxi- 
mum thickness of 13.8 m, at Cowboy Mine Canyon, about 
6 krn landward of the approximate projected position of the 
landward pinch-out of Parasequence 3a in Parasequence 
Set 3; further south the zone continually decreases in thick- 
ness. The coal is thickest in the region between this land- 
ward pinch-out and the position of maximum zone thick- 
ness. The data indicate that the proportion of coal in the 
coal zone decreases progressively landward from the land- 
ward pinch-out of Parasequence Set 3 (fig. 11). The balance 
of the coal zone is composed of carbonaceous shale and 
mudstone; with tonstein and delta plain mudstone and silt- 
stone occurring as minor constituents. 

Coal zones generally thin seaward relative to the mean 
position of the landward pinch-out of the underlying para- 
sequence set. This is particularly well shown in the data for 
the sub-A coal zone (f ig .  12). The landward extent of the 
sub-A coal zone cannot be determined because it occurs 
south of the Ferron outcrop belt. Therefore, the outcrops of 
the sub-A are seaward of the landward pinch-out of the old- 
est near-marine rocks of Parasequence Set 1. The sub-A 
coal zone appears to have two distinct parts, the southern 
most part is composed of the sub-A1 and sub-A2 splits and 
overlies Parasequences Iz-ld, and the northern part con- 
sists of the sub-A3 and sub-A4 splits and overlies Parase- 
quences le-lk. The composite sub-Al+A2 portion of the 
sub-A coal zone decreases dramatically in thickness in a 

seaward direction, from 6.1 m in the Limestone Cliffs to 0.5 
m in Rock Canyon, before pinching out in Corbula Gulch. 
The composite sub-A3+A4 portion of the sub-A coal zone 
also decreases dramatically in thickness in a seaward direc- 
tion, from 2.4 m in Scabby Canyon to 0.5 m in north 
Quitchapah Creek Canyon, before pinching out near Bear 
Gulch. These systematics suggest that the sub-A should 
actually be divided into 2 distinct coal zones. Examining 
composite sub-Al+A2 coal thickness, in light of the posi- 
tion of the near-marine pinch-out of Parasequence Id, in 
Coyote Basin, it appears that the coals become thicker just 
landward of this position. The same is true of the composite 
sub-A3+A4 coal thickness, where it becomes thicker near 
the landward pinch-out of Parasequence lk  in Quitchapah 
Creek Canyon. 

The effects of differential compaction and differences in 
original pre-peat swamp topography have the effect of add- 
ing perturbations to the general trends discussed above. 
The A coal zone illustrates this particularly well (fig. 13). 
Almost the entire A coal zone is exposed in the outcrop belt 
from Limestone Cliffs, where it is only 0.7 m thick, to its 
seaward pinch-out just north of Dry Wash. In Dry Wash, 
the A coal zone is 1.9 m thick and contains 0.45 m of coal. 
This zone represents the seaward extension of the A coal 
zone. The A coal zone has its minimum thicknesses near its 
landward limit and then again as it approaches its seaward 
limit. The most notable feature of the A coal zone is that it 
does not thicken to a maximum and then thin seaward, but 
has at least 4 distinct maxima. The A coal zone has its thick- 
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Figure 13. Thickness profile of Upper Femon A coal zone along its 
dip length. 

est accumulations just south of Coyote Basin (8.8 m thick) 
and just north of Ivie Creek and Quitchapah Creek Canyon 
(6.4 m thick). In the vicinity of Rock Canyon and Corbula 
Gulch and at 1-70, the A coal zone appears to be abnormally 
thin. The coal is thickest in the area near Rock Canyon and 
to the north in Quitchapah Creek Canyon. In the vicinities 
of Rock Canyon and 1-70, the A coal zone is composed of 
about 75% coal. The compaction of the coal zone (i.e., the 
original peat accumulation) was greater in these areas than 
in Coyote Basin, where it is composed of 20% coal, 56% 
carbonaceous shale, and 24% interlayered delta plain mud- 
stones, and north of Ivie Creek area, where it is composed 
of 58% coal, 17% carbonaceous shale, and 25% delta plain 
mudstones. The A coal zone appears to be associated with 
the landward pinch-out of Parasequence Set 2C, because, 
except for a small A coal "split" between South Blue Trail 
Canyon and 1-70, the A coal zone lies above the erosional 
unconformity on Parasequence Sets 2A and 2B, marking 
the sequence boundary between FS1 and FS2. Most of the 
older coals associated with Parasequence Sets 2A and 2B 
must have been removed by erosion. The only exceptions 
may be in the area south of Willow Springs Wash, where 
the zone becomes extremely thick, and in the area immedi- 
ately south of 1-70. 

Altered Volcanic Ash Layers in Coal Zones (Tonsteins) 

In the Ferron Sandstone, coal zones frequently contain 
volcanic ash layers (Ryer et al., 1980; Gamson and van den 

Bergh, 1996). These volcanic ash horizons are character- - 
ized as laterally continuous kaolinitic claystone partings 
called "tonsteins" (Williamson, 1970). These tonsteins are 
greenish-white to gray in color and contain kaolinite book- 
lets, beta quartz, volcanic K-feldspars, Fe-oxide and Ti- 
oxide minerals, and zircons (fig. 14) (van den Bergh, 1995). 
Tonsteins have been found in all major coal zones in the 
Ferron Sandstone (Garrison and van den Bergh, 1997). 
Many coal zones contain multiple tonstein layers. The ton- 
steins associated with these coal zones document near time 
synchroneity of the coal zone horizons, but splits in coal 
zones clearly indicate significant time represented by these 
deposits. 

In the 7 Ferron Sandstone coal zones, 13 distinct ton- 
steins have been identified. In the Limestone Cliffs, the 
sub-A2 coal zone contains a very well-developed tonstein. 
This sub-A2 tonstein has not been identified further down- 
dip. Both the A1 and A2 splits of the A coal zone contain 
tonstein layers. The tonstein in the A1 coal zone extends as 
far up-dip as the Limestone Cliffs and as far down-dip as 
Blue Trail Canyon. The tonstein in the A2 coal zone has 
been identified in Coyote Basin and at I-70JIvie Creek. 
North of 1-70, the A2 coal zone contains two tonsteins that 
can be traced northward to at least Bear Gulch. North of 
1-70, the C coal zone contains at least 2 tonsteins and occa- 
sionally up to four tonsteins. The thickest tonstein in the C 
coal zone has been traced from Corbula Gulch to Muddy 
Creek Canyon, a distance of over 16 km. No tonsteins have 
been identified in the C coal zone south of Corbula Gulch. 
A tonstein occurs in the G coal zone from Willow Springs 
Wash to Muddy Creek. A tonstein was identified in the I 
coal zone from Rock Canyon to Bear Gulch. The J coal zone 
contain a tonstein from Willow Springs Wash to Rochester 
Creek, a distance of about 23 km. From the South Goose- 
necks of Muddy Creek to Rochester Creek, the J coal zone 
also contain an additional tonstein layer. A tonstein has 
been identified in the discontinuous M coal zone in Willow 
Springs Wash and in Coal Wash, north of Ivie Creek. 

Landward and seaward of near-marine pinch-outs of 
parasequence sets, preservation potential of volcanic ash 
layers decreases dramatically, as illustrated well by the sub- 
A1-A2 and C coal zones. The southern most 15 km of the C 
coal zone, in the outcrop belt, is devoid of tonstein. From 
Corbula Gulch to 1-70 only a single tonstein is present in 
the C coal zone, in Bear Gulch four tonsteins are assigned 
to the C coal zone, in Miller Canyon 3 tonsteins occur, and 
about 4 krn north of Miller Canyon, near Pictograph Point, 
where the C coal zone goes into the subsurface, it still con- 
tains 2 tonsteins. This is approximately 20 krn landward of 
the seaward pinch-out of Parasequence Set 3. The compos- 
ite sub-Al-A2 coal zone is devoid of tonstein seaward from 
the Limestone Cliffs to its seaward limit in Rock Canyon, a 
distance of over 8 km. 
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Figure 14. Photomicrogruphs of tonsteins within tlze A coal zone 
(top) and the]  coal zone (iiottorn). 

Depositional Sequence Stratigraphic History 
of the Last Chance Delta 

Based on radiometric age dates of Obradovich (1991) 
and ammonoidea and inoceramadae faunal zonations, Gard- 
ner (1992) suggested that the Upper Turonian Ferron Sand- 
stone Last Chance Delta was deposited between 89.8 and 
88.8 m.y.b.p. During this period, the eustatic sea-level curves 
indicate a slow 2nd-order sea-level fall event, upon which 
are superimposed two 3rd-order sea-level cycles (Gardner, 
1992). The tectonic activity in the Sevier orogenic belt was 
relative quite during this period, although a period of fore- 
land basin expansion was occumng (Gardner, 1992). Based 
on the geochronology and faunal zone correlations, Gardner 
(1992) developed a relative sea-level curve for Central Utah 
and hypothesized that tectonic subsidence, coupled with 
the eustatic events, produced a local slow 3rd-order sea- 
level rise event in Central Utah during the Upper Turonian. 
The 3rd-order Ferron Sequence was deposited during this 
slow Upper Turonian 3rd-order sea-level rise. 

Based on the geochronology and the sea-level curve 
developed by Gardner (1992), it is possible to speculate on 
the timing and durations of the depositional episodes occur- 
ring within the Ferron clastic wedge. The earliest deposi- 

tion of Ferron Parasequence Set 1 occurred during the 
beginning of this slow sea-level rise, near 89.8 m.y.b.p. The 
youngest parasequence set of the outcrop belt, Parase- 
quence Set 8, was deposited in earliest Coniacian time at 
about 88.8 m.y.b.p., while the local relative sea-level was 
still rising. Ryer (1994) suggested that this sea-level rise 
event was accompanied by an increase in sediment supply 
from the Sevier Orogenic Belt. The available stratigraphic 
and architectural data, for both near-marine and non- 
marine facies, as quantified by Gamson and van den Bergh 
(1996; 1997) and van den Bergh and Garrison (1996), indi- 
cate that, when taken in the context of 3rd-order deltaic 
parasequence set stacking patterns, the over-all Ferron 
Sandstone Last Chance Deltaic deposition is controlled by 
sediment supply. This is also confirmed by the calculations 
of Gardner (1992), in which he demonstrated that the total 
volume of sediment progressively decreased during each 
successive depositional episode. The increased sediment 
supply, in the early stages of deltaic development, resulted 
in a volume of sediment that exceeded the available accom- 
modation space, with subsequent deltaic events stepping 
seaward at a dramatic rate. During each successive deltaic 
cycle, less sediment was available, resulting in aggradation 
and eventual back-stepping of the final delta cycles (i.e. 
transgression), as the sediment supply could no longer keep 
pace with the rise in relative sea-level. 

The 4th-order Upper Ferron Sequences FS1-FS4 are 
superimposed on the 3rd-order sea-level rise event and the 
3rd-order stratigraphic architecture of the Ferron Sand- 
stone. The dramatic erosional unconformities associated 
with the sequence I~oundaries at the tops of Upper Ferron 
Sequences FS1, FS2, and FS3, indicate that there was up 
to 20-30 m of erosion, signifying locally substantial base- 
level drops. These base-level drops were accompanied by a 
basinward shift in paleoshorelines by as much as 5-7 km. 

The internal architecture of the 4th-order depositional 
sequences FS1-FS4, of the Ferron clastic wedge (fig. 3), 
also reflect the progressive change in the ratio of sediment 
supply to available accommodation space. 4th-order se- 
quence FS1, formed during a period in which available 
sediment supply was much greater than available accom- 
modation space. It has an internal architecture dominated 
by progradational parasequence sets. The transgressive 
phase is probably only represented by the transgressive lag 
deposit. The highstand parasequence set is poorly devel- 
oped. 4th-order sequence FS2 formed during a period in 
which available sediment was initially greater than avail- 
able accommodation space, but later became more bal- 
anced. It has an internal architecture consisting of a progra- 
dational parasequence set overlain by an aggradational para- 
sequence set. A transgressive lag is well developed and is 
overlain by a well-developed highstand parasequence set. 
4th-order sequence FS3 developed during a period when 
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sediment supply was balanced with the rate of develop- 
ment of accommodation space. Its internal architecture is 
dominated by aggradational parasequences. The oldest para- 
sequence set consists of a single parasequence overlain by a 
poorly developed transgressive lag deposit. The highstand 
parasequence set is slightly progradational to aggradational. 
4th-order sequence FS4 developed during a period when 
the sediment supply was waning and could not keep up 
with the development of accommodation space. Its internal 
architecture is dominated by retrogradational (back-step- 
ping) parasequence sets. The oldest parasequence set con- 
sists of a single (slightly progradational to aggradational) 
parasequence (i.e. its dip length is consistent with older 
aggradational parasequences). The transgressive phase is 
represented by retrogradational (back-stepping) parase- 
quence sets. A transgressive lag is not apparently devel- 
oped. A highstand parasequence set was either apparently 
not developed or has not been identified within the outcrop 
belt. 

As stated above, FS1 actually belongs to the Hyatti Se- 
quence and FS2, FS3, and FS4 belong to the Ferron Se- 
quence. FS1 would be the 4th-order highstand sequence of 
the 3rd-order Hyatti Sequence. The lower boundary of FS1 
is immediately above the Hyatti condensed section (Gard- 
ner, 1993) suggesting that it is actually a "correlative confor- 
mity/condensed section boundary" in this part of the basin. 
FS2 and FS3 would be the 4th-order progradational to 
aggradational sequences of the 3rd-order Ferron Sequence 
and FS4 is the 4th-order transgressive sequence of the 
Ferron Sequence. The upper boundary of FS4 is a below a 
concretion-bearing condensed section a few m above the 
uppermost sandstones of FS4, suggesting that the 4th-order 
highstand sequence of the Ferron Sequence is not located 
in the study area, but is only represented by condensed 
section sediments. On balance, these 4th-order events are 
most easily explained as forming as a result of small, rapid, 
sea-level fall and rise events. These events are superimposed 
on the overall 3rd-order patterns of the Upper Ferron Last 
Chance Delta, as described by Gardner (1992; 1993). 

Within the clastic wedges of the Cretaceous interior sea- 
way, conglomerates can mark major basinwide unconformi- 
ties (Ryer, 1994). Within the Upper Ferron Sandstone only 
two major occurrences of extrabasinal pebble and conglom- 
eratic lags have been identified. The channel belts of Ferron 
Parasequence Set 4B contain extrabasinal pebbles with a 
maximum long dimension of up to 4 cm. Extrabasinal peb- 
bles (up to 15 cm) occur at the base of, and occasionally 
floating within, Ferron Parasequence 8a. The pebbles, in 
both Parasequence Sets 4B and 8 are quartzite, chert, sand- 
stone, siltstone, volcanic-derived lithics, and large, rounded 
K-feldspar crystals. The pebbles, within Parasequence Set 
4B, appear to occur in response to base-level drop during 

sequence boundary development. The pebbles in Parase- 
quence Set 8 may be related to sedimentological events 
that are~correlative with the events that produced the 
Calico Beds of southern Utah and the Coalville Conglom- 
erate of Northern Utah (e.g. see Ryer, 1994). 

Based on stratigraphic data (Garrison and van den Bergh, 
1996; 1997) and faunal zonations (Gardner, 1992), the 
Upper Ferron 4th-order Sequences would have each been 
deposited over about a 250,000 year period. The individual 
depositional events that produced the parasequences with- 
in the Upper Ferron Sandstone, would have been deposit- 
ed over, on average, about a 2O,OOWO,OOO year period. It 
is estimated that the parasequence sets within the Upper 
Ferron Sandstone, would have been deposited, on average, 
during a 60,000-100,000 year period of time. The duration 
of the Upper Ferron 4th-order depositional sequence events 
is similar to the duration of older 3rd-order events within 
the Tununk Shale (i.e., the Woolgari and Hyatti Sequences), 
observed by Leithold (1994). The duration of the deposi- 
tional episodes that resulted in the Upper Ferron Parase- 
quences and Parasequence Sets is similar to the 20,000- 
100,000 year durations postulated for 4th-order events in 
the Tununk Shale (Leithold, 1994). 

DAY 1 ROAD LOG 

Int. Cum. 
Miles Miles 

0.0 0.0 Leave parking lot of Holiday Inn in Price, 
Utah. Travel east on Utah Highways 6 and 
191. 

0.6 0.6 Price River. 
0.7 1.3 Exit 241. Junction with Utah Highway 

10. Travel south on Utah Highway 10 
through Huntington, Castle Dale, Ferron 
and Emery to Fremont Junction. 

1.5 2.8 Industrial Park. The Book Cliffs can be 
seen to the north. The reddish coal bums 
are in the Blackhawk Formation that over- 
lies ledges of Star Point Formation and 
the Aberdeen Tongue (fig. 2). 

0.5 3.3 Four Mile Hill. The Blue Gate Shale in 
the road cut contains thin sandstone lens- 
es probably representing small channels. 

0.6 3.9 Junction with Ridge Road. Continue south 
on Utah Highway 10. To the southeast, 
Cedar Mountain and the San Rafael Swell 
can be seen. Cedar Mountain is capped 
by the Lower Cretaceous Buckhorn Con- 
glomerate Member of the Cedar Moun- 
tain Formation (fig. 2). 

1.0 4.9 Miller Creek. 
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Junction with Stake Farm Road on east. 
Continue south on Utah Highway 10. To 
the west, the northwest dipping Garley 
Canyon Sandstone can be seen (fig. 2). 
Pump jacks and well heads of the 
Drunkards Wash Coalbed Methane Field 
can be seen in the foreground to the 
west. 
PinnacIe Peak. A pinnacle of Blue Gate 
Shale. 
Junction with Utah Highway 122 to the 
west. Continue north on Utah Highway 
10. The Plateau Coal Mine is visible to 
the west on the Wasatch escarpment. The 
first prominent cliff former on the Wasatch 
escarpment is the Panther Tongue of the 
Star Point Formation (fig. 2). 
Road cut in Blue Gate Shale. Note the 
sandy nature of the upper part of the out- 
crop. 
Emery-Carbon County Line. Enter Car- 
bon County. 
Road cut in Blue Gate Shale. Note the 
sandy nature of the Blue Gate Shale and 
the thin sandstone lenses that are about 1 
foot thick and 30-40 feet wide. 
Broad Valley Wash. 
Road cut in Blue Gate Shale. 
Washboard Wash. 
Road cut exposes small lamprophyre dike 
cut by a small thrust fault. 
North junction with Utah Highway 155 
to Cleveland (pop. 498). Cleveland was 
established in 1885 by Samuel Alger and 
Henry Oviatt (Geary, 1996). Continue 
south on Utah Highway 10. 
Wildcat Draw. 
Road cut in Blue Gate Shale. Trail to the 
west up the steeply sloping Poison Spring 
Bench. The Hiawatha Coal Mine is at the 
head of Poison Spring Bench. 
Top of Hill. View of Castle Valley with 
Wasatch Plateau to the west and the Book 
Cliffs to the north and northeast and Cedar 
Mountain to the east. Low outcrops of 
the reddish Jurassic Momson Formation 
can be seen in the middle ground (fig. 2). 
Potter Wash. To the west the Panther 
Tongue is well exposed on the Wasatch 
escarpment. 
Huntington International Airport on the 
east. 

South junction with Utah Highway 155. 
Continue south on Utah Highway 10. 
Utah 155 provides access to the Cleve- 
land-Lloyd Dinosaur Quarry. The Cleve- 
land-Lloyd Dinosaur Quany is managed 
by the BLM. More than 12,000 bones 
from at least 70 dinosaurs representing 
14 species, including two previously un- 
known species, have been recovered. 
Huntington Creek. Huntington Creek is 
a major tributary of the San Rafael River 
that dissects the San Rafael Swell. 
Junction with Utah Highway 31 to the 
west. Continue south on Utah Highway 
10. 
Huntington. Huntington (pop. 1875, elev. 
5791 feet) was established in 1879 by 
Elias Cox. Proceed south on Utah High- 
way 10. 
Junction with north road to Lawrence. 
Continue north on Utah Highway 10. 
Five Mile Wash Bridge. Prominent topo- 
graphic feature on the western skyline is 
Red Point. The lower slope of the Wasatch 
escarpment is the Blue Gate Shale, over- 
lying the Emery Sandstone at the base of 
the escarpment. The three sandstone 
benches overlying the shale are the Pan- 
ther, Storrs, and Spring Canyon Tongues 
of the Star Point and Blackhawk Forma- 
tions. The Spring Canyon Tongue and the 
overlying Blackhawk Formation are red- 
dish in color due to coal burns in the 
Blackhawk Formation (fig. 2). 
Wilberg Wash. Junction with south road 
to Lawrence (pop. 80, elev. 5652 feet). 
Lawrence was established in 1885 (Geary, 
1996). Continue south on Utah Highway 
10. 
Junction with Utah Highway 29 to the 
west to Joe's Valley Reservoir. Continue 
south on Utah Highway 10. 
Junction with the Old Spanish Trail to the 
east. Continue south on Utah Highway 
10. 
Roadcut through dark gray Blue Gate 
Shale, containing no sand or silt. 
100 East Street in Castle Dale. Castle 
Dale, Utah (pop. 1707, elev. 5600 ft) was 
originally settled in 1877 by Orange Seely. 
Castle Dale lies in the central part of the 
Castle Valley located between the Wasatch 
Plateau to the west and the San Rafael 
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Swell to the east and is the county seat of 
Emery County. Proceed south on Utah 
Highway 10 through the Castle Valley. 
Cottonwood Creek. Cottonwood Creek is 
a major tributary of the San Rafael River. 
Hunter Power Plant. The power plant is 
fueled by local coal. 
Junction with Utah 57 on right to Orange- 
d l e  (pop. 1459, elev. 5772 ft). Orangeville, 
named after Orange Seely, was established 
in 1880 (Geary, 1996). Continue on Utah 
Highway 10. 
Old Rest Area in Rock Canyon Flat. On 
the right, cliffs exposing the Cretaceous 
age Mesaverde Group can be seen. The 
Blackhawk Formation overlies the cliff- 
forming Star Point Sandstone mid-way 
up the escarpment. The escarpment is 
capped by the Castlegate Member of the 
Price River Formation (fig. 2). The lower 
part of the Star Point Formation become 
more sandy as the correlative Panther 
and Storrs Tongue Members are devel- 
oped. The "reddish" area marking a coal 
bum is on the uppermost Spring Canyon 
Tongue Member of the Blackhawk Forma- 
tion. 
Junction with Main Street of Clawson 
(pop. 151, elev. 5950 feet). Continue on 
Utah Highway 10. 
South access road to Clawson. Continue 
on Utah Highway 10. 
"Castles" within the Blue Gate Shale along 
the Castle Valley These "castles" are held 
up by thin sandstone tongues of the 
Garley Canyon Sandstone, can be seen in 
the foreground to the west and south- 
west. The Emery Sandstone can also be 
seen, in the background, up Garley Can- 
yon. Note the down thrown fault block 
up the canyon, demarking the Joe's Valley 
fault system. 
Ferron (pop. 1606 and elev. 5934 feet ). 
Ferron was established in 1880 by Abram 
Conover (Geary, 1996). 
Ferron Creek. Ferron Creek is a major 
tributary of the San Rafael River. 
Ferron Creek Drainage. View to the west, 
toward Ferron Canyon, that dissects the 
Wasatch Plateau escarpment, showing the 
units of the Upper Cretaceous Mesaverde 
Group. The Blue Gate Shale is the slope- 
former near the base of the escarpment, 

which is overlain by the cliff-forming Star 
Point Sandstone. The Star Point Sand- 
stone is overlain by the coal-bearing 
Blackhawk Formation. The Castlegate 
Member of the Price River Formation 
caps the escarpment. Nelson Mountain 
(9070 feet) is the highest peak along the 
escarpment. 

0.2 39.2 Ferron Gas Field. West of the highway, 
the pumping unit of the Pan Amer~can 
Ferron Unit 3 well within the Ferron Gas 
Field (10,022 ft TD) can be seen. This 
well produced over 36,000 bbl oil from 
the Permian Kaibab Formation and over 
10 BCF gas from the Ferron Sandstone 
and the Kaibab Formation. 

2.2 41.4 Top of Hill. Roads cuts expose the Blue 
Gate Shale Member of the Mancos Shale. 
Note the lack of sandstone, siltstone, or 
concretions in the Blue Gate Member. 

1.1 42.5 Junction with old Utah Highway 10 to 
Moore (pop. 6, elev. 6269 feet). Moore, 
originally named Rochester, was estab- 
lished about 1903 (Geary, 1996). To the 
west, Youngs Peak (9005 feet) is the high 
peak along the Wasatch escarpment. 
Continue south on Utah Highway 10. 

1.3 43.8 ViewofDryWashtotheeast.DryWash 
is formed by a major drainage that dis- 
sects the western limb of the San Rafael 
swell, a prominent north-south trending 
anticlinal structure, and exposes sand- 
stones of the Upper Ferron Sandstone 
Member of the Mancos Shale. The Upper 
Ferron Sandstone (figs. 1 and 2) in this 
area is represented by the the more distal 
near-marine sandstones of the Last Chance 
Delta complex. Coal deposition was very 
minimal in this portion of the Upper 
Ferron Sandstone. Only the A coal zone 
remains in this northern portion of the 
outcrop belt. 

2.7 46.5 The town of Moore is visible in the fore- 
ground, to the east. In the foreground, 
the western limb of the anticlinal San 
Rafael Swell containing outcrops of the 
Upper Ferron Sandstone, can be seen 
dipping westward, while the eastern sky- 
line is dominated by the distant peak- 
forming outcrops of Jurassic Navajo Sand- 
stone. 

1.6 48.1 South road to Moore and to the "Rochester 
Panel" Fremont Indian rock art site. A 
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replica of the rock art panel is on display 
at the Museum of the San Rafael. Con- 
tinue on Utah Highway 10. 
Muddy Creek. One of the three major 
drainages that dissects the San Rafael 
Swell. It provides drinking and imgation 
water for both Moore and Emery. At its 
confluence with the Fremont River near 
Hanksville, they become the Dirty Devil 
River which flows into the Colorado River 
near Hites Crossing at Lake Powell. 
Camp Muddy Creek Monument. From 
1885-1888, early settlers, led by Heber 
Petty and Casper Christensen, dug a 
1200 foot long tunnel through the Blue 
Gate Shale to bring waters from Muddy 
Creek to supply the settlement of Emery. 
In the middle ground to the east, Miller 
Canyon can be seen cutting through the 
Molen Reef, a topographic escarpment 
whose western slopes are defined by the 
anticlinal San Rafael Swell. The Molen 
Reef rises almost 1,000 feet above the 
desert floor. In the background through 
the gap of Miller Canyon, the peaks of 
the Henry Mountains can be seen. The 
highest peak on the skyline to the south is 
Mount Hilgard (elev. 11,527 feet) in the 
Wasatch Mountains south of 1-70, 
Junction with 300 East Street to Miller 
Canyon road and Interstate-70. Continue 
south on Utah Highway 10. 
Emery (pop. 300, elev. 6250 ft). Emery 
was established in 1884 by Samuel 
Williams. Rest Area on the west side of 
Utah Highway 10. 
Junction with road to Emery Coal Mine. 
The mine, inactive since about 1990, is 
owned by Consolidation Coal Company 
(Consol). Continue south on Utah High- 
way 10. 
Sevier-Emery County Line. Enter Sevier 
County. Coal beds can be seen in the 
Blackhawk Formation in the Wasatch 
Plateau escarpment to the west. 
Junction with BLM access road to the 
east. In the middle ground to the east the 
Emery Coal Mine can be seen at the con- 
fluence of Quitchapah Creek and Chris- 
tiansen Wash. 
To the west, the Joe's Valley fault system 
can be seen veering off to the north. In 
this area, the fault system has developed 

a graben system that is manifest as a sad- 
dle in the mountains to the north. 
Junction with paved road, to the east, to 
the Hidden Valley Coal Mine. The mine, 
currently owned by Consol, has been 
reclaimed. The Hidden Valley Mine is in 
the Ferron A coal zone. 
Northern limit of Miocene basalt boulder 
field. These boulders were fluvially trans- 
ported from Miocene basalt flows to the 
southwest. 
Junction with BLM access road to the 
east of Utah Highway 10. This road fol- 
lows part of the historic Spanish Trail, a 
major trading route that wound through 
Utah, New Mexico, Arizona, Nevada, and 
California during the period from 1800- 
1850. Portions of the trail were first pene- 
trated by Juan Maria de Rivera in 1765, 
and late in 1776 by Padres Dominquez 
and Escalante. 
Sandstone cliffs on the west side of Utah 
Highway 10 are formed by the Emery 
Sandstone Member of the Mancos Shale. 
The Emery Sandstone is another fluvial- 
deltaic wedge that prograded eastward 
into the Mancos Sea and is 3-4 million 
years younger than the Ferron Sandstone 
deltaic complex (fig. 2). 
Fremont Junction. Proceed under the 
overpass to the south side of 1-70 and 
immediately turn left onto the east-bound 
entrance ramp. Proceed east onto 1-70, 
Road cuts expose the Blue Gate Shale 
Member of the Mancos Shale. 
To the north and northwest, the skyline is 
dominated by the Wasatch Plateau. The 
Castle Valley lies to the east of the plateau 
and is floored by the Mancos Shale. The 
northeastern skyline is Coal Cliffs out- 
crops of the fluvial-deltaic Ferron Sand- 
stone. Note the gently westward dipping 
western limb of the north-south trending 
anticlind San Rafael Swell. 
Sevier-Emery County Line. Enter Emery 
County and continue east on 1-70. 
To the south of the highway, a Ferron 
Parasequence Set 5 channel belt occurs 
within a split in the I coal zone. Coal 
zones such as this occur at the tops of 
parasequence sets within the Upper 
Ferron Sandstone. Splits such as seen 
here are common in the coal zones. Note 
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the accretionary surfaces within the chan- 
nel complex and the mud-filled channel 
margin on the west side of the channel. 
Continue east on 1-70 through the Ferron 
Sandstone outcrops. 

0.8 68.7 On the north side of 1-70 near Mile 
Marker 94, the C coal zone. is well ex- 
posed and consists of several coal seams, 
layers of carbonaceous shale, delta plain 
mudstones and siltstones, and volcanic 
ash (tonstein). 

0.1 68.8 On the south side of 1-70, the upper split 
of the A2 coal zone. is very well exposed 
and contains a thick white tonstein layer. 
Continue east on 1-70 descending through 
the massive cliffs of Upper Ferron Para- 
sequence Set 2A near-marine sandstones 
and the more mud-rich delta-front sand- 
stones of Upper Ferron Parasequence Set 
1. The gray shale underlying the Ferron 
Sandstone is the Tununk Shale Member 
of the Mancos Shale. 

2.2 71.0 Ivie Creek Canyon. Note the slope-form- 
ing gray Tununk Shale exposed in the 
mesas to the south of the highway. The 
Coal Cliffs can be seen to the north of the 
highway. Mesa Butte is the high butte to 
the south of the highway. The amphithe- 
ater at the mouth of Ivie Creek Canyon 
exposes the near-marine rocks of Ferron 
Parasequence Sets 1 and 2. 

0.6 71.6 Turn right off 1-70 at exit 97. Intersect the 
north-south Ranch Road, turn north, and 
cross over 1-70. Where the Ranch Road 
intersects the 1-70 entrance ramp, turn 
west and proceed west onto 1-70. 

2.2 73.8 Mouth of Quitchapah Creek Canyon is 
located to the north of 1-70. The mouth of 
Blue Trail Canyon can be seen on the 
south side of 1-70 to the southeast. Note 
the intense red color of the canyon walls, 
to the north, due to coal bums in the A 
and C coal zones. 

0.8 74.6 STOP 1: 1-70 Road Cut at Ivie Creek 
(fig 1). (no facilities). Pull off 1-70 on the 
north side of the highway, midway up the 
narrow road cut. The massive cliffs of the 
road cut expose the sand-rich Upper 
Ferron Parasequence Set 2A near-marine 
sandstones and more mud-rich delta-front 
sandstones of Upper Ferron Parasequence 
Set 1 (figs.3, 4 and 6). Two splits of the 

sub-A (sub-A3 and sub-A4) coal zone. 
separate these two parasequence sets. 
Parasequence Set 2A is capped by the A 
coal zone. Ferron Parasequence Set 3 is 
chiefly represented by the C coal zone. 
Carefully pull back onto 1-70 and pro- 
ceed west. 
Sevier-Emery County Line. Enter Sevier 
County. 
Exit 1-70 to north at exit 89. Stop sign at 
junction of 1-70 exit ramp to Utah High- 
way 10. Turn north onto Utah Highway 
10 and proceed north to Emery. 
Junction with 300 East Street in Emery. 
Turn south and proceed south down 300 
East Street. 
Junction with Miller Canyon Road on east 
side of 300 East Street. Proceed south on 
300 East Street. Leave paved road and 
continue on dirt road south. Miller Can- 
yon can be seen to the east cutting 
through the Coal Cliffs and Molen Reef 
to the southeast. 
Junction with Emery County Road to 
east. Continue south on dirt road. 
Cattle guard. Junction with Cowboy Mesa 
County Road. Turn east on the County 
Road and proceed up the dip slope of 
Cowboy Mesa. Cowboy Mesa, expressed 
as the gently sloping topographic feature 
in the middle ground, is the west side of 
the topographic Molen Reef and marks 
the western limb of the San Rafael Swell, 
in this area. 
Christiansen Wash. Continue on County 
Road up the dip slope of Cowboy Mesa. 
The low sandstone outcrop to the north 
of the road is the retrogradational (back- 
stepping) near-marine facies of Ferron 
Parasequence Set 7. 
Cattle guard. 
Intersection with jeep trail to the south. 
Turn south and continue along Cowboy 
Mesa. The sandstone ridges to the east of 
the road are fluvial channel belts of Ferron 
Parasequence Sets 5A and 5B. 
Cowboy Mine Canyon. Intersection with 
jeep trail to east and west. Turn east and 
proceed up switchback, on jeep trail 
across Cowboy Mesa. 
Intersection with jeep trail to west. Turn 
west onto jeep trail and poceed along 
the south side of Cowboy Mine Canyon. 
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STOP 2: Overlook of Quitchapah Creek 
Canyon (fig 1). (no facilities). 
Retrace road back to Cowboy Mesa 
County Road. 
Junction of jeep trail with Cowboy Mesa 
County Road. Turn east onto Cowboy 
Mesa County Road and proceed up the 
dlp slope of Cowboy Mesa. 
Junction with jeep trail to the north. Turn 
north on jeep trail to Bear Gulch. 

STOP 3: Bear Gulch (fig 1). (no facili- 
ties). 
Retrace road back to Cowboy Mesa 
County Road. 
Intersection of jeep trail with Cowboy 
Mesa County Road. Turn west onto Cow- 
boy Mesa County Road and proceed down 
the dip slope of Cowboy Mesa. 
Junction with Emery County Road. Turn 
north on County Road and proceed north. 
Junction with Emery County Road to the 
east. Turn east and proceed east along 
County Road. 
Junction with paved Miller Canyon Road. 
Turn southeast on Miller Canyon Road 
and proceed. 
Cattle guard. Enter Miller Canyon and 
descend along paved road. The massive 
sandstone outcrops are fluvial channel 
belt sandstones of Ferron Parasequence 
Sets 5A and 5B. 
Midway up the canyon walls, outcrops of 
the Ferron G Coal zone can be seen. In 
Miller Canyon, the G coal zone is domi- 
nantly carbonaceous shale and contains 
only three thin coal seams. 
On the east side of the Canyon, near the 
base of the cliffs, a small mine shaft into 
the C coal zone can be seen. Whitish- 
gray tonstein layers can be seen in this 
2.6 m thick coal seam. 

STOP 4: Miller Canyon (fig 1). (no facili- 
ties). 
Pull back on Miller Canyon Road and 
proceed on paved road northwest back to 
Emery. 
Junction with Emery 300 East Street. 
Turn north on 300 East Street and pro- 
ceed. 
Junction with Utah Highway 10. Turn 
east and proceed along Highway 10 

through Ferron, Castle Dale, and Hunt- 
ington and back to Price. 

49.7 160.8 Junction of Utah Highway 10 with Utah 
Highways 6 and 191. Turn west onto 
Utah Highways 6 and 191. 

1.3 162.1 Pull into parking lot of the Holiday Inn in 
Price. 

DAY 1 STOPS 

Stop 1: 1-70 Road Cut at Ivie Creek 

Vertical Sedimentology and Architecture of the Near- 
Marine facies of Ferron River-Dominated Parasequence 
Set 1 and Wave-modified Parasequence Set 2A 

The road cut of 1-70 through the Ivie Creek Bench, near 
Mile Marker 94, and the canyon incised by Ivie Creek, 
near Mile Marker 95, provide excellent 3-D exposures of 
Upper Ferron Parasequence Sets 1 and 2A (figs. 3, 4, 5, 6, 
and 7). Ferron Parasequence Set 1 is strongly river-domi- 
nated. Parasequence Set 2A is also river-dominated, but it 
exhibits evidence of substantial wave reworking. 

Ferron Parasequence Set 1 contains at least 12 river- 
dominated, fluvial-deltaic parasequences. The near-marine 
parasequences in Ferron Parasequences Set 1 exhibit both 
vertical and lateral facies changes from (1) stream mouth 
bar (SMB) to, (2) proximal delta front (pDF) to, (3) distal 
delta front (dDF) to, (4) prodelta (PD) (fig.5). Distributary 
channels (DC) and delta plain (DP) facies associations are 
commonly present as well. Distal prodelta/shelf slumping, 
indicating instability as a result of rapid deposition, is com- 
mon. In general, Parasequence Set 1 delta front deposits 
exhibit little to mild evidence of wave influence. The high 
proportions of shale present in the near-marine facies of the 
parasequences within Parasequence Set 1, are characteris- 
tic of river-dominated delta front deposits. 

At the 1-70 road-cut and along Ivie Creek, Parasequences 
le, If, Ig, and l j  are exposed. Parasequences le-f are rep- 
resented by distal bar delta front deposits consisting of 
steeply dipping (31O0-33S0 azimuth) prograding clinoforms 
(fig. 4). These clinoforms average about 3 m thick at their 
thickest part. Parasequence Ig also exhibits dipping, pro- 
grading clinoforms, although these clinoforms are of a 
much smaller scale (C 1.5 m). The uppermost parasequence 
(Parasequence Ij) occurs within a split in the sub-A coal 
zone, and is represented at this outcrop as a thick succes- 
sion of brackish water mudstones, containing fragments of 
gastropods and molluscs, as well as crevasse splay deposits. 
A selected portion of a measured section from 1-70 showing 
Parasequences If, Ig, and l j  is shown in figure 5. 

Ferron Parasequence Set 2A contains 4 wave-modified, 
river dominated, fluvial-deltaic parasequences (denoted as 
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2a-2d). The near-marine facies of these parasequences 
exhibit both vertical and lateral facies changes (1) stream 
mouth bar and reworked stream mouth bar (frequently pre- 
served as upper shoreface deposits (USF)), to (2) reworked 
delta front (pDF and dDF) (frequently preserved as middle 
(MSF) and lower shoreface (LSF) deposits), to (3) prodelta 
(figs. 6 and 7). The mouth bar deposits exhibit well-devel- 
oped trough stratification. The distal bar deposits are mod- 
erately burrowed (Ophiomorpha, Teichichnus, and Thalassi- 
noides) and locally exhibit well-developed hummocky strat- 
ification and planar stratification. 

Figure 6 is a photograph of an outcrop of Parasequence 
Set 2A at 1-70 showing Parasequences 2a, 2b, and 2c. A 
selected portion of a measured section at the 1-70 roadcut 
showing Parasequences 2a, 2b, and 2c is shown in figure 7. 
The low proportion of shale present in Parasequences 2a 
and 2b, at 1-70, is characteristic of wave reworked distal bar 
deposits in Parasequence Set 2A.Parasequence 2c occurs 
between the A1 and A2 coal zones. 

Composition and Stratigraphic Positions of the Ferron 
Sub-A, A, and C Coal Zones 

Coal zones have been defined by Garrison and van den 
Bergh (1996) as coal seams and their laterally equivalent 
carbonaceous shales and siltstones, carbonaceous rich mud- 
stones and siltstones, paleosols, rooted horizons, and inter- 
layered flood plain mudstones and siltstones. The sub-A 
coal zone caps Ferron Parasequence Set 1; the A coal zone 
caps Ferron Parasequence Set 2; the C coal zone caps 
Ferron Parasequence Set 3. At 1-70, the delta plain facies 
association of Parasequence Set 3 overlies the A coal zone 
(fig. 3). At the 1-70 road cut, Parasequence Set 3 is com- 
posed dominantly of the C coal zone. 

The sub-A coal zone splits into two components near I- 
70, where they are designated the sub-A3 and sub-A4, 
which are 0.6 m and 0.3 m thick, respectively. The A coal 
zone splits into two components denoted A1 and A2; the A1 
coal zone disappears near 1-70; the A2 coal zone splits into 
two components near Corbula Gulch, denoted A2 and A3, 
and are well exposed at 1-70. The A2 and A3 coal zones are 
2.5 m and 0.6 m thick at 1-70, respectively and are separat- 
ed by a small mud-filled fluvial channel. The C coal zone 
splits into two components denoted C1 and C2; the C2 coal 
zone pinches out at Blue Trail Canyon and is not present at 
1-70. A selected portion of a measured section from 1-70 
showing the nature and composition of the 6.3 m thick C1 
coal zone is shown in figure 15. The C coal zone is com- 
posed of 26% coal, 7% carbonaceous shale, 19% mudstone, 
44% delta plain sandstones and siltstones, and 4% tonstein. 

Within coal zones, coal seams themselves are rarely 
homogeneous and can generally be sub-divided into dis- 

Figure 15. Measured section through the Upper Ferron C coal 
zone at the 1-70 roadcut. Symbols and nomenclature defined as 
in figure 5. 

tinct lithological sections. A distinct lithologic subdivision 
of a coal seam that has a uniform character is call a ply or 
coal lithotype. A lithotype that can be correlated through a 
seam over large lateral distance is defined as a coal facies. 
Figure 16 shows the lithotype (i.e., coal brightness) profiles 
of the A2 coal zone and the C 1 coal zone at 1-70. 

In the Ferron Sandstone, coal zones frequently contain 
volcanic ash layers. These volcanic ash horizons are charac- 
terized as laterally continuous kaolinitic claystone partings 
called "tonsteins." Some whitish tonstein layers are almost 
completely kaolinized, while the other more grayish ton- 
steins are dominantly bentonitic and contain a full suite of 
volcanic minerals such as beta quartz, volcanic K-feldspars, 
Fe-oxide and Ti-oxide minerals, and zircons (fig. 14) (van 
den Bergh, 1995). The tonsteins associated with the Ferron 
Sandstone coal zones may represent time lines within the 
coal zone horizons. Splits in coal zones and multiple ton- 
stein layers clearly indicate significant time represented by 
these coal zone deposits. 

Tonsteins have been found in all major coal zones in the 
Ferron Sandstone (Garrison and van den Bergh, 1997). 
Many coal zones contain multiple tonstein layers. At 1-70, 
the sub-A coal zone is devoid of tonstein layers, but further 
south in the Limestone Cliffs, it contains a very well-devel- 
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C, Coal Zone Lithotype Profile at 1-70 Roadcut A, Coal Zone Lithoty~e Profile at 1-70 Roadcut 

coa~ t i ~ ~ ~ t y p e  subunit I I GI-t 1 uppercontad 1 
Frequency Type 

6 coal m o m  subnit I Bndng I c w  1 U w r  contact 1 13 subnit ~escription Frequency ~ y p e  

Moderate 

Poor 
' 

Moderate 

Moderate 

Thln with 
lMgM lenses 

Thin 

min with 
bright lenses 

bbdarate 

min 

Thinf 
Moderate 

Thin 

min 

mick 

LOW 

Moderate 

Moderate 

High 

Moderate 

Sharp 
Sharp 
Sharp 
Sharp 

Sharp 

Sharp 
Sharp 

Sharp 

Gradational 

Gradational 

Sharp 

Sharp 

Sharp 
sharp 

Sharp 

Figure 16 Lithotype j)rt,lilos of fke A2 iznrltl CI coal zorirs at the I- 

Dull Ccal 
Tonstein 

mgm coal 

Dull Coal 
S e m l w M  

CWI 
DUN Coel 

Gull and Brlg'tl 
Banded mei 

Dull Coal 

Bright Coal 

Moderate 

Thin 

Massive 

midc 

Thln with 
Wht bsnds 

fvlassve 

Thhwith 
DUN ! e m  

t&c&rate 

Moderate 

very low 

High 
Low 

Moderate 

Low 

High 

sharp 
Sharp 

Sherp 
Sharp 

Sharp 
Gradational 
Gradational 

Gradational 

/ tithotype Cleat Frequency 

Dullcoal rn -"a 

Semt-bright Coal 132 Poor 

Brightcoal @m Moderate 

cJ Tonstem rn Hfgh 

Mudstone 

Carbonaceous Mudstone 

Sandstone 

oped toilstein. At 1-70, the coul zone contain a 5 cm iltarine pincl-r-outs, prcservidiori poterttinl iiecreased dra- 
tliick tonstein lnyc~1: Tlic tonstein in the iZ1 coal zone is not maticall): 
preserved at 1-70, but it cart be fitrtnd just south of 1-70 and 
car1 be traced to tlte IAirnestct~le Cliffs. Nortlt of 1-70, the As Key Concepts of Stop I: - 
caul zoue contains two tonsteins that can l>r traced north- 
ward to at least Bear Gdch. At 1-70, tlte C coul zonc con- 
tains a 23 rn tf~ick tonstcilt, North of 1-70, the C coal zone 
contains at least two tonstcins. In s o r ~ i ~  are:~s, rtorth of 1-70, 
the C coal zonc contains up to four distinct tonsteins. 
Frequently theye tonsteins \Irotv evidel~ce of reworking. No 
tonsteins have bccw ideittified in the> C coctl zorw sotltli of 
Corl3ula Gulch. Tonsteins are generally preserved at, and 

The river-rlorninat-ed, near-rnari~w f-:,rcies of Ferro~t 
Parasequences le, 16 and lg exltibit a vertical shoal- 
ing upward \edimenta~y profile and contain high 
~rop(xtions of' shale. TI-re vertical stacking pattern of 
Paraseqnence Set I ,  indicates that each successiv~ly 
younger parawclrtcnce steps seaward (i.e., is progm- 
dationiil), relative to the ur~derlyillg par~isecplence, 

seaward of the la~~dward I>inch-o~~ts of the ncar-marine Tlie river-doniinatect, but wave-rl~odifiecl, near- 
deltaic siinds. A\ toltstcirls iirc traced landward of near- inarine facit's of firron Parasequences 2a, 2b, and 



186 BYU GEOLOGY STUDIES 1997, VOL. 42, PART I1 

2c, of Parasequence Set 2A, exhibit a vertical shoal- occurs in Quitchapah Creek Canyon. Parasequence l k  can 
ing upward sedimentary profile and are extremely be seen out into a split i f  the sub-A coal zone. 
sand-rich. Parasequence Set 2A is a progradational Parasequence Set 2A contains 4 river-dominated, wave- 
(seaward-stepping) parasequence set. modified parasequences, that exhibit a seaward-stepping 

stachng pattern (Parasequences 2a-2d). All 4 can be seen 
Coal zones are lithologically complex and are com- in Quitchapah Creek Canyon. The near-marine sandstones 
posed of coal seams, carbonaceous shales and silt- of Parasequence Set 2A extend about 36 km in the dip 
stones, carbonaceous rich mudstones and siltstones, direction. Parasequence 2e of Parasequence Set 2B is also 
paleos0ls, rooted and interlayered exposed in Quitchap& Creek Canyon The true extend of 
plain mudstones and siltstones. Coal zones occur at parasequence 2e cannot be determined due to erosional 
the tops of parasequence sets. Coal zones frequently truncation by fluvial channels in the overlying Parasequence 
split into multiple zones. Set. Parasequence 2e is hierarchically equivalent to a para- 

* Coal facies are distinct, uniform, lithologic subdivi- 
sions of a coal seam that can be correlated through a 
seam over large lateral distance. 

Coal zones frequently contain altered volcanic ash 
layers called "tonsteins." Tonsteins tend to be pre- 
served at and seaward of the landward pinch-outs of 
the delta front sands. As tonsteins are traced land- 
ward of near-marine pinch-outs, preservation poten- 
tial decreases dramatically. 

Stop 2: Quitchapah Creek Canyon 

Lateral (Dip Section) Stacking and Architecture of the 
Near-Marine facies of Ferron River-Dominated 
Parasequence Set 1 and Wave-modified Parasequence 
Sets 2A and 2B 

The canyon incised by Quitchapah Creek provides excel- 
lent 2-D, dip section, exposures of Upper Ferron Parase- 
quence Sets 1, 2A, and 2B (fig.3). Ferron Parasequence Set 
1 contains at least 12 river-dominated, fluvial-deltaic para- 
sequences, that exhibit a seaward-stepping stacking pattern. 
In Quitchapah Creek Canyon, elements of 6 of these para- 
sequence can be seen (Parasequences If-lk). In general, 
each successively younger parasequence steps seaward by 
an average of 2-5 km. The near-marine sandstones of Para- 
sequence Set 1 extend at least 27 km in the dip direction. 

Ferron Parasequences le,  If, lg, and l i  formed in 
response to the progradation of very small, river-dominated 
sub-delta lobes prograding in a northwesterly direction 
(310O-335" azimuth). Parasequences le, If, lg, and l i  are 
approximately 2.9 km, 3.7 km, 2.5 km, and 3.2 km in strike 
width, respectively, and the maximum thicknesses are 22 
m, 17 m, 10 m, and 13 m, respectively. Parasequence l h  
and Ik appear to represent small delta lobes prograding in 
a northeasterly direction. Their dip lengths are approxi- 
mately 2.5 km and 2.6 km and maximum thicknesses are 15 
m and 6 m, respectively. Parasequence lj, occurring with a 
split in the sub-A coal zone, is represented in the outcrop 
belt as a brackish water bay mudstone, to the south at 1-70, 
and a small 2.92 km, 3 m thick delta front sandstone body 

sequence set and is placed in Parasequence Set 2B. 
Parasequences 2a and 2b appear to represent large wave 

influenced, river-dominated delta lobes prograding seaward 
in a northeasterly direction. Parasequences 2a, 2b, 2c, and 
2d all progrades northeast with azimuths of 025", 045", 
025", and 050°, respectively. The near-marine facies of 
Parasequences 2a, 2b, 2c, and 2d are approximately 18.0 
km, 15.1 km, 11.4 km, and 24.0 km in dip length, respec- 
tively and maximum thicknesses are 31 m, 16 m, 10 m, and 
19 m, respectively. The landward pinch-out of the near- 
marine facies of Parasequence 2b steps seaward 3.5 km, rel- 
ative to the landward pinch-out of the near-marine facies of 
the immediately underlying Parasequences 2a. The land- 
ward pinch-out of near-marine facies of Parasequence 2c 
occurs almost 7.5 km seaward of the landward pinch-out of 
the underlying Parasequence 2b. The landward pinch-out 
of Parasequence 2d steps seaward almost 2.7 km from the 
pinch-out of Parasequence 2c. The landward pinch-out of 
Parasequence 2e steps seaward only about 0.5 km from the 
pinch-out of Parasequence 2d. 

Although their compositions may vary laterally and they 
may split into multiple components, coal zones occur at the 
tops of parasequence sets. When they are not present at the 
tops of parasequence sets, it is due to the development of 
erosional unconformities associated with high-order se- 
quence boundaries. This is well illustrated in Quitchapah 
Creek Canyon. In Quitchapah Creek Canyon, Parasequence 
Set 1 is capped by the sub-A (sub-A3 and sub-A4) coal 
zone. The sub-A3 and sub-A4 section of the sub-A coal zone 
extends some 8.5 km, from Blue Trail Canyon to North 
Quitchapah Creek. The total dip length for the sub-A coal 
zone is at least 27 km. In Quitchapah Creek Canyon, Para- 
sequence Set 2 is capped by the A (A2 and A3) coal zone. 
The A coal zone extends over 40 km, from the Limestone 
Cliffs to north of Dry Wash. In Quitchapah Creek Canyon, 
the reddish coloring of the outcrop is due to a coal bum in 
the C coal zone. The C coal zone splits in the southern part 
of Quitchapah Creek Canyon and become one zone again 
in the northern part of Quitchapah Creek Canyon. The C 
coal zone extends over 34 km, from the Limestone Cliffs to 
just south of Dry Wash. 
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Key Concepts of Stop 2: graphically above the mouth bar deposits of Parasequence 

The river-dominated, near-marine facies of Ferron 
Parasequences le ,  If, lg, lh,  and l i  exhibit a down 
dip stacking pattern, within Parasequence Set 1, 
indicating that each successively younger parase- 
quence steps seaward (i.e., is progradational), rela- 
tive to the underlying parasequence. 

The river-dominated, but wave-modified, near-marine 
facies of Ferron Parasequences 2a, 2b, 2c and 2d, of 
Parasequence Set 2A, exhibit a progradational (sea- 
ward-stepping) down dip pattern. 

Coal zones are quite laterally extensive. The lateral 
dip section extend of the sub-A coal zone is over 27 
km. The sub-A3 and sub-A4 section of the sub-A 
coal zone extends 8.5 km. The lateral dip section 
extends of the A and C coal zones are at least 40 km 
and 34 krn, respectively. 

Coal zone compositions vary laterally and frequently 
they may split into multiple components. Within the 
Ferron clastic wedge, coal zones occur at the tops of 
parasequence sets. When they are not present at the 
tops of parasequence sets, it is due to the develop- 
ment of erosional unconformities associated with 
high-order sequence boundaries. 

Stop 3: Bear Gulch 

Depositional Sequence Stratigraphy and Sedimentology 
of the Near-Marine facies of Ferron Parasequence Sets 
2 4  2B, 2C and Parasequence Sets 4A and 4B and the 
Nature of the Sequence Boundaries above Ferron 4th- 
order Sequences FS1 and FS2 

The small north-south trending canyon of Bear Gulch 
exposes near-marine facies of Parasequence Sets 2A, 2B, 3, 
and 4A and non-marine facies associations of Parasequence 
Sets 4B, 5, and 6 (fig. 3). The sequence boundaries between 
FS1 and FS2 (i.e., SB1) and between FS2 and FS3 (i.e., 
SB2) are both well exposed in this canyon. Parasequences 
11 and Ik, of Parasequence Set 1, pinch-out at the bottom 
of the southern end of the canyon of Bear Gulch. 

The canyon exposes the seaward portions of parase- 
quences 2a and 2b and more proximal portions of Para- 
sequences 2c and 2d of Parasequence Set 2A. In this out- 
crop, the small back-stepped Parasequence 2e of Parase- 
quence Set 2B can be seen sitting on a yellowish, highly 
bioturbated, transgressive lag deposit that overlies Parase- 
quence 2d. This transgressive lag deposit can be traced 
over 5 km northward into Muddy Creek Canyon. Parase- 
quence 2e has a very small mouth bar deposit and for much 
of its length, it has distal bar delta front facies lying strati- 

2d suggesting a slight back-stepping relative to Parase- 
quence 2d. Parasequence 2e is almost completely scoured 
out by the fluvial channel belts of the overlying Parase- 
quence Set 2C. This is best seen near the northwestern end 
of the canyon of Bear Gulch to Miller Canyon and on into 
Muddy Creek Canyon. In some areas, this surface represents 
over 25 m of erosion into Parasequence Set 2A and 2B. This 
erosional surface can be identified in outcrops from Coyote 
Basin to Muddy Creek Canyon, representing a distance of 
over 18 krn. Based on the back-stepped nature of Parase- 
quence Set 2B, lying immediately below this surface, and 
the regional extent of the erosional surface between Para- 
sequence Sets 2B and 2C, this erosional surface has been 
interpreted to represent the sequence boundary between 
Ferron 4th-order Sequences FS1 and FS2. Parasequence 
Sets 1, 2A, and 2B have been assigned to Ferron 4th-order 
Sequence FS1 and Parasequences 2C, 3, and 4A have been 
assigned to Ferron 4th-order Sequence FS2. 

In Bear Gulch, the upper of Parasequence Set 2C, 
capped by the stacked A and C coal zones, is represented 
by a laterally restricted, flood tidal delta. This unit can be 
traced to the south of Bear Gulch only about 0.9 km and 
pinches out into the C coal zone on the western canyon wall 
of Bear Gulch. A correlative unit crops out again in Miller 
Canyon. These small flood tidal deltas crop out about 1 km 
landward of the associated shoreline near-marine facies, 
sensu stricto, of Parasequence 2g. This small near-marine 
unit rests on a thin, 30 cm thick, section of the A coal zone. 
The A coal zone pinches out 16 km northward of Bear Gulch, 
just north of Dry Wash. The flood tidal delta deposit of Para- 
sequence Set 2C, exposed in Bear Gulch, is represented by 
a sand-rich middle to upper shoreface facies that is trough 
and hemngbone cross-stratified and contains abundant 
Ophiomorpha burrows in the upper part and Thallasinoides 
burrows in the lower part. 

Parasequence Set 4A is represented, in the outcrops of 
Bear Gulch, by the reworked stream mouth bar/upper shore- 
face and reworked proximal delta frontlmiddle shoreface 
facies of Parasequence 4a. Parasequence 4a rests on the C 
coal zone and has a bioturbated base with sand-filled 
Thallasinoides burrows extending into the underlying C 
coal zone. Large wood fragments can also be seen in the 
base above the C coal zone. The lower part of Parase- 
quence 4a is sand-rich, with horizontal to massive bedding, 
and is pervasively burrowed, containing Thallasinoides and 
Teichichnus, with occasional Ophiomorpha burrows. The 
upper part of Parasequence 4a is sand-rich, with trough 
cross-stratification, and contains pervasive Ophiomorpha. 
The upper surface of Parasequence 4a is scoured by the flu- 
vial channel belts of Parasequence Set 4B (fig. 8). There is 
up to 20 m of erosion of Parasequence Set 4A by the fluvial 
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ficits of Paraseque~ice Set 4B. In the norr-marinc part of C Coal Zone Lithotwe Profile in Bear Gulch 
the Pi~~itseqrttnce Set 4A, south of Bear Culch, P:~riireqr~ence 
Set 4A is capped I)y :i very lateridly extensive rooter1 zone 
(tlesignatecl the E Rooted Zone). This rootetl ~ o n c  1)e 
tracctl fr-txn just tiorth of L,ut Cliance Crcelc nortliward to 
jutst soutlr of Bear Gulch, whcre it is con-elativc with the 
erosional unconforn~ity bchweii Parasequcrrce 4A and 4B 
cropping out from Bear Gulch to &filler Canyo~r to Mutltfy 
Crecxk (i.c. over 5 hi). 'Tlie paleoshorelitie of t l r r  near-ltia~lne 
fkcics of I-'arasequencc 4B shifts basinwarcl sonlch 7 k ~ r ~  rela- 
tive to the paleoshorelitlr~ of Parasequence 4A aricl is accorri- 
pniud 13) at least 20 111 of erosion. Nortliwarcl i~ r  Miller Caul- 
yon, Riraseqrtence 411 lies oti a thick tr;tr>sgrcssive lag 
deposit, tlrat is r e p ~ s t n t e d  in Bear (;ulcl;i 1'y o~tly the 
7'Izalk~isi~~oi~les bioturl~atiout of t l ~ c  upper pi02 of the C coal 
;one.. This lag can bc tracer1 13 k ~ n  north to Llr) LVi~sh. This 
change irk slioreline positior~ anrl baselevel : u ~ l  the devc~lop- 
nwnt of an erosional urrconk)~mity i~idiaitc that tlte hon~~tl-  
11i-y \,eween 4A and 3.13 is the sequence boundary htahvecn 
FS2 itrltf FS3. Parasecluenee Sets 4B anti 5A ;ire assignrcl to 
I;ermti 4th-order Secjr~ence I W .  

Volcanic Ash Layers and Co~npositio~i of the 
C Coal Zonc 

In Bear Gulch. tire A ailti C cotd zones are stac.ked into 
5.9 rn thick composite cocrl zone cornpost~d of 60% coal, 
28% carl~onaceous shale, 3 4  mt~dstone. and 9% tonstein. 
Tlic coal litliotyvc profile is s110\%~r in fig~1rt1 17. Based on 
tor~stcin regional correlations, the lower 3.7 nl has been 
assigicd to the A coal zorrc. Tlie C coal zone is 2.2 m thick 
arrcl is conrposed of 80% eixil, 20% tonstein. A cod zone is 
co~ilposcd of 42% coal, 35% car1)onaeeous shiile, 10% nmud- 
stone axid sanrlstone, iuid 3% tonstein. The eo~nposite A 
and (: coal zone, in Bear C:ulch, contains 5 tonstcini. The 
upper fbur tonstcitrs have, bccn assigtrrcl to tlre C coal zotle 
and tlrc lower ton5tcin to the iZ cutd zone. Tlie uppennost 
tonstciri in the C coal Lorre is a 5 crn thick inrpun. tonstein, 
suggesting nliving of t.olc.anic material with olllrr terrige- 
noui material. The thickest tonsttin in the C: coctl zottc is 30 
r w  thick. Below this thick torrstein i \  ;I tor~itci~z tfoiiblet. 
'The uppermost tor-r%tei~l tloublet is 3 crn thick and the lower 
1s 5 CIII th~ek. The tl-ttck, tipper tonste~n of tlrc C cocll zonp 
can Irc traced ovcr 13 k111, froni Miller Canyon sortthward 
(i.e., lanclward) to Corllt~la (;tllch, south of Blue Trail C:im- 
yon, whcre it is 40 ear thick. There are no tonsteins pre- 
sc\rvc~l in the C co<zl zonp f~tfvlter south than Corlxtla Gulch. 
Tt)nitci~ls corrclatiw with the torlsteiii do1111lct cart be traced 
as sonth as C:oxvl,oy Mirrc Canyon arid as f:tr north ns 
Miller Canyon. The tonstein in the A coal zone is 10 cm 
thick. This A coal w n c  toristeiu can 11e ml-rclatecl as far 
south as 1-70 and as filr north as Pictograph Point at the 
corrfltlertce of Mtwlcly Creek and Rocllester Creek. 

Coals ruch as those cxpctsed withill the A-C coal zone at 
Bear Cl~lch consist of nlicroscopically idcntifialrle orgitnic 
sul>stariccs fornied hortr tlre initial plant niater~als and 
altercil plant ~natcriuls \vitlritr the peat accumulation (i.e., 
cell \vall material, spores, resins, cuticles. anti fossil char- 
coals). Thew organic strbstanceb are called niacerals. There 
arc three hasic tltaceral groups called vitrinitc, liptinitc, and 
inertinite. i'itrinites are generally derived fiortr plarit cell 
will or woc~dy material. Liptirritcs are cleri\ ed frort~ spores, 
crtticles, drrtl resins. Tllr i~rertinites represent fossil charcoal 
material ttrtd othcr oxiclized, inert plant debris. 'Tl r t  abun- 
tla~icc and ctistribution of these macerals in coal seams is 
controller1 Ity tlic original peat composition, as well as 1)oth 
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pre-burial history. The maceral compositions have been 
compiled for coal seams from the Ferron Sandstone C and I 
coal zones (Sommer et al., 1991; Crowley et al., 1989). The 
Ferron C coal has a complex composition due to the pres- 
ence of thick, laterally extensive altered volcanic ash layers 
(tonsteins) (Crowley et al., 1989). Sampling above and be- 
low tonsteins produced two distinct maceral compositions 
(figure 18). The C coal samples taken immediately below 
tonsteins (Group B) have a higher percentage of inertinite 
(range = 3150% and mean = 38%) relative to vitrinite 
(range = 45-65% and mean = 57%), while samples take 
immediately above tonsteins (Group A) have a higher per- 
centage of vitrinite (range = 72-89 and mean = 80%) rela- 
tive to inertinite (range = 5.7-21.0 and mean = 14.6%). 
Liptinites remain fairly constant between the two groups, 
with means of 5.3% and 5.4%, respectively. Desmocollinite, 
telenite, and detrocollinite are the dominant vitrinite group 
macerals. Semifusinite, fusinite, and inertodetrinite are the 
dominant inertinite group macerals. Resinite, exsudatinite, 
and fluorinite are the dominate liptinite group macerals. 
Four samples taken from below tonsteins fall within Group 
A. Crowley et al., (1989) suggested that precursor peats 
formed in well drained environments until volcanic ash lay- 
ers created impermeable zones and caused waters in the 
peat swamp to pond. Well drained, oxidizing initial condi- 
tions were favorable for the formation of degradofusinites, 
while poorly drained, more nutrient-rich conditions, fol- 
lowing an ashfall, would be more conducive to the preser- 
vation of vitrinite. 

Key Concepts of Stop 3: 

The sequence boundary between Ferron 4th-order 
Sequences FS1 and FS2 is represented, in Bear 
Gulch, as an erosional unconformity between the 
near-marine facies of Parasequence Set 2B and flu- 
vial channel belt facies of Parasequence Set 2C. This 
sequence boundary can be traced over 18 km and 
exhibits up to 25 m of erosional relief. The back- 
stepped Parasequence 2e of Set 2B lies on a biotur- 
bated transgressive lag deposit that can be traced 
over 3 krn northward. 

The sequence boundaries between Ferron 4th-order 
Sequences FS2 and FS3 is represented, in Bear 
Gulch, as an erosional unconformity between the 
near-marine facies of Parasequence Set 4A and flu- 
vial channel belt facies of Parasequence Set 4B. This 
sequence boundary can be traced over 5 km and 
exhibits up to 20 m of erosional relief. 

The A and C coal zones are stacked in Bear Gulch 
forming a thick composite zone containing 5 ton- 

Vitrinite 

Wasatch (Skyl~ne) 

o Fenon C Coal (below tonean) 
Femon l Coal 

+ Skyline #I and #2 

Liptinite lnertinite 

Figure 18. Ternary diagram showing the maceral composition of 
the Upper Ferron coal seams. 

steins. The C coal zone is 2.2 m thick and contains 4 
tonsteins, the thickest of which is 30 cm thick. This 
thick tonstein can be traced over 13 krn. The lower 
3.7 m of the composite zone and the lowest tonstein 
has been assigned to the A coal zone. 

Volcanic ash deposits alter the local environments 
within peat accumulations. These lead td variations 
in, and the alteration of, coal composition and coal 
quality. 

Stop 4: Miller Canyon 

Nature of the C Coal Zone to the Transgressive Lag 
Deposits of Parasequence Set 3 and the Near-Marine 
Sandstones of Parasequence Set 4 .  

The outcrops of Miller Canyon offer a final opportunity 
to examine the composition of the C coal zone and evaluate 
the variations in the C coal zone over a substantial distance 
along the Ferron outcrop belt. We have examined the C 
coal zone at two previous localities, 1-70 and Bear Gulch. 
From 1-70 to Miller Canyon, a down dip distance of over an 
8 krn has been traversed. 

In Miller Canyon, the A and C coal zones are stacked 
together into a composite 6.2 m thick coal zone which is 
composed of 44% coal, 38% carbonaceous shale, 16% mud- 
stone, and 6% tonstein. This coal zone is correlative with 
the exposures in Bear Gulch, therefore the lower 5.0 m of 
the zone is assigned to the A coal zone. The coal lithotype 
profile for the coal zone is shown in figure 19. The C coal 
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C Coal Zone Lithotype Profile in Miller Canyon ered up-dip end of the transgressive lag, and as far rlortll as 
Dry Wash, a distance of 13 krn. In Miller Canyon, tEris lag is 
a fine to niediulrl grained, poorly sorted, fining-upward 
deposit that reworks the upper part of the C con1 zone and 
exhibits cxtrerne Irioturbation. Abunclant O?)hiontorj.i,lzct, 
Thal~ssinoides, and Eichichnils are present at the top of 
the lag deposit. This deposit represents the lag developccl 
during the \ea-level transgression prior to the developrnerrt 
of the back-stepped deltaic cleposits of Parasequcnee & of 
Parasequence Set 4A. ?'he shoreline shifted lartclward by 
over 7 Ian. 

Key Concepts of Stop 4: 

Thc C: con1 zone contains 2 tonsteins, the thicke.;t of 
cvllich is 50 ern tlick. Thc thick tonstein can be traced 
over 18 k111 within the C coal zone. 

The C coal has litliofacies and tonstein, that can be 
cotl-clatecl over a distance of at least 20 kn1. 

Parasequerree 4a rests on a 2 rn thick transgressive 
lag deposit. This cleposit reworks the upper part ctf 
the C coal zone and exliibits extreme hioturl~ation. 

Figuru 19. Idit?zot!ype pi-(!file ofthe A cind C coinposite coal Lone in This lag was developed during the sea-level trans- 
hfiller Crrnyor~ gresriort prior to the developn~erlt of the back- 

stepped deltaic deposits of Parasequence Set 4A. 

zorz~ i\ composed of 76% coal arrtl 24% tonstein. The A coal 
zone is coniposed of 35% cod, 42% carbonaceous shale, 
20% rnudstot-re, and 2% tonstein. The C cocil zonc7, in Miller 
Canyon, contains three toncteins. The thick tonstein seen 
in the C con2 zone in Miller Canyon is the same tollstein 
examined in Bear Gulch and at the 1-70 road cut. Recalling, 
at 1-70 only a single tonstein was present, in Bear Gulch 
four tonsteins were present, and at this outcrop in Miller 
Cartyon, only three tonsteins arc present. About 4 km north 
of Miller Canyon, at Pictograph Point, where the C coal 
zone goes into the subsurfice, the C coal tonsteins are still 
preserved. The lower ton\tein in the compoqite A and C 
coal zone is assigned to the A cocrl zone. 

The C coal zone is 6.3 rn thick at 1-70 and increases 
northward until it is 13.8 rn thick in Quitchapah Creek 
Canyon and deceases again north\vard until it is 6.2 In thick 
in Miller Canyon. The percentage of  the, C; coul zone that is 
coal varies from 26% at 1-70 (1.6 111) to 40% in Qttitchapall 
Creek Canyon (5.5 nl) to 80% at Bear C:ulcli (1.8 111) to 76% 
in Miller Canyon (1.0 m). Figure 20 shows the lateral coal 
fbeies cross-section of the C coal frorn 1-70 to Miller 
Canyon. 

in Miller Canyon, prodelta deposits of Wrasecluence 4a 
itf Pmsequence Set 4A rests on a 2 111 thick transgressive 
lag cleposit. This lag deposit earl be traced into Bear Gtllch, 
where the reworked distal delta front filcies lie on the feath- 

Int. 
Miles 

DAY 2 ROAD LOG 

Leave parking lot of Holiday 11111 in Price, 
Ut:d~. Travel east on Utah Iiighways 6 
a id  191. 
Exit 241. Junction with Utah Highway 10. 
Trtivel south on Utah Highway 10 through 
Huntington, Castle Dale, Ferrotr and 
Emery to Fremont Junction. 
Frenront Junction. Junction of Utah 
Highway 10 with 1-70. Procred under 
overpass under 1-70 and continue south 
on unpaved Sevier County Roacl. 
Jutletion with Dog Valley Coal ;\firre 
Road. C:ontinue east on unpaved County 
Roucl. 
Jeep trail to east of the Co~111ty Road lead\ 
to Seal)by Canyon, Blue Trail Canyon, 
Corl>rtla Gulch, arid Rock Can) on. 
U.S.C.S. drill hole WS-22 is located on 
the cast side of the road. 111 1977, eight 
tlrill lioles were put dowrl irl ?"Villow 
Springs Quadrangle to evi~ltuxte and clas- 
sify the federally owned coal resources 
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Figure 20. Lithotype pn?file cross-sectiott of C coal zor~e.from 1-70 to hf i l l~r  Cr~nyovt. 

and lands in the Emcry Coal Field of the 
Upper Ferron Sandstone. 

0.3 67.1 Jeep trail to the east of the Count). Road 
leads to Coyote Basin arid Rock C:u~yon. 
A second jeep trail, up ahcad a short dis- 
tance, turns off the the west. U.S.C.S. drill 
hole WS-17 is located just north of this 
western jeep trail, about 0.5 rniles west of 
the County Road. 0.1 68.6 

0.6 67.7 Jeep trail to the east leads to the north 
canyon wall of Willow Springs Wash. 
Hills on the western skylitie are forrr~ed 
of the 131ue Gate Shale. C:orttintle south 
on County Road. 0.0 68.6 

0.2 67.9 Willow Spring Arnpliitheater. An outcrop 
of the Fenon Smclstone I coal zone can 
be seen on the south side of the County 
Road. Note thc distributary cltarirtel belt 0.6 69.2 
of Ferron Parasecluence Set 6 sittirig on 
the I coal zonr2. Descend into \Villow 
Springs IViish via County Road. 

0.6 68.5 CVillow Springs Wash. Note the sniall 

coal milie developed (and abandoned) in 
the Fenon A con1 zone. Small mining 
shacks can be seen on both sides of the 
County R(tad and the tnine loatling clzute 
can be seen down in bottom of CVillow 
Springs Wash on the south side of the 
County Road, just ahead. 

STOP 5: Willow Springs Wash South 
Canyon Wall (fig.1). Pull off 011 the south 
~ i d e  of the County Road. Walk thrortglr 
CVillow Springs Wash and climb up onto 
the south canyon \mil. 
Return to vehicles and proceed east along 
County Road on north side of Willow, 
Springs Wash. 

STOP 6: Willow Springs Wash North 
Canyon Wall and The County Line 
Channel (fig. 1). 7i1rn into dirt road on the 
nortlr side of the County Road. Clirnb up 
to the base of the County Line Channel. 
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Return along County Road to the west to 
the Junction with 1-70 and Utah Highway 
10. 
Fremont Junction. Junction of Utah High- 
way 10 with 1-70. Proceed under over- 
pass under 1-70 and continue north on 
Utah Highway 10. 
Junction with paved road, to the east, to 
Hidden Valley Mine. The mine, currently 
owned by Consol, has been reclaimed. 
Sevier-Emery County Line. Enter Emery 
County. 
Junction with road to Emery Coal Mine. 
Turn east onto Emery Coal Mine Road 
and proceed east toward Cowboy Mesa 
of the Molen Reef. Note the water pump- 
ing unit on the north side of the road. 
This unit is used by Consol to pump water 
from the Emery Mine Shafts 740 feet 
below. It is either used for imgation or is 
held in holding ponds and then returned 
to Quitchapah Creek. This marks the 
northwestern extent of the underground 
Emery Mine. 
Junction with paved County Road to 
Emery. Continue east on Emery Coal 
Mine Road. 

STOP 7: Emery Coal Mine (Consolida- 
tion Coal Company) (fig.1). Stop in front 
of Mine Office. The Emery Mine of Con- 
solidation Coal Company (Consol) is the 
largest mine in the Emery Coal Field. 
Retrace route back to Utah Highway 10. 
Junction of Emery Coal Mine Road with 
Utah Highway 10. Turn north onto Utah 
Highway 10 and proceed north through 
the Castle Valley to Price via Castle Dale, 
Ferron and Emery. 
100 East Street in Castle Dale. Proceed 
north on Utah Highway 10 to Price via 
Huntington. 
Emery-Carbon County Line. Enter Car- 
bon County. 
Junction with Utah Highway 122 to the 
west. Continue north on Utah Highway 
10. 
Junction with Stake Farm Road on east. 
Continue north on Utah Highway 10. 

STOP 8: Drunkards Wash Coalbed 
Methane Field (River Gas of Utah and 
Texaco) (fig.1). Pull off to the west of 

Utah Highway 10 onto dirt road leading 
up to pump jack of the Utah 17-103 Coal- 
bed Methane well. These pump jacks are 
used to pump produced salt water to the 
surface, along with the produced gas. The 
water is then disposed of by pumping 
units that pump it back into the subsur- 
face Navajo Sandstone. 

0.0 137.4 Continue north on Utah Highway 10 to 
Price. 

3.9 141.3 Junction with Utah Highways 6 and 191 
in Price. Turn west onto Utah Highways 
6 and 191 and continue northwest to 
Helper, Spanish Fork, and Salt Lake. 

0.0 113.6 End of Road Log. 

DAY 2 STOPS 

Note: Since the focus of the Day 2 Field Trip Stops will be 
petroleum and coal exploration and production oriented, 
the Day 2 Field Trip Stops will be discussed using the 
English units of feet, miles, and acres, in order to be consis- 
tent with current energy industry practice in the United 
States. The units of conversion for some of these units are 
given below: 

1 ft = 0.3048 meters 1 meter = 3 28 ft 
1 mile = 1.609 km 1 Ian = 0.621 miles 
1 acre = 43560 ft2 1 acre = 4049 m2 = 0.004 km2 
1 mi2 = 640 acres 1 Ian2 = 247 acres 
40 acre well spacing = 1380 ft 40 acre well spacing = 421 meters 

Stop 5: Willow Springs Wash South Canyon Wall 

Fluvial and Distributary Channel Belt Geometry and 
Architecture as a Function of Depositional Parasequence 
Set Stacking Patterns 

The north and south canyon walls in Willow Springs 
Wash contains a strike outcrop section that exposes almost 
the complete delta plain facies association of Ferron Sand- 
stone Parasequence Sets 2A-8 (fig.3). The lowermost cliff- 
forming units are the deltaic facies of Parasequences Ib  and 
lc. The delta plain facies association of Parasequence Id 
also crops out. This canyon offers a superb opportunity to 
examine the geometry and architectural systematics of the 
non-marine delta plain facies of the Ferron parasequence 
sets, as a hnction of depositional parasequence and parase- 
quence set stacking patterns. 

van den Bergh and Gamson (1996) have quantified the 
geometry and internal architecture of the fluvial channel 
belts exposed in the north and south canyon walls of 
Willow Springs Wash. They used the parasequence and 
parasequence set subdivisions of the Ferron Sandstone 
defined by Gamson and van den Bergh (1996; 1997) and 
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classified the channel belts according to their stratigraphic 
position within the 3rd-order parasequence set stacking 
pattern, originally outlined by Gardner. The channels belts 
in Willow Springs Wash exhibit differences in geometry and 
internal and external architecture that can be correlated 
with 3rd-order depositional parasequence set stacking pat- 
terns, which can be related to sediment supply and accom- 
modation space systematics (fig. 10). 

The channel belts of 3rd-order Ferron Sequence sea- 
ward-stepping parasequence sets formed in river-dominat- 
ed deltas, when the available sediment supply exceeded the 
available accommodation space. These are generally later- 
ally restricted and multi-storied with channel filling ele- 
ments (i.e., macroforms and/or barforms) that are generally 
stacked vertically within the channel belt boundaries. Thick- 
nesses from 10-15 feet and 40-45 feet and widths from 
300-700 feet and 1200-1400 feet are most common. Width/ 
thickness aspect ratios range from 7.8-52.9 and average 
about 29.5. Channel belts bifurcate as they approach the 
paleoshoreline and become narrower, averaging 638 feet in 
width, with lower aspect ratios, averaging about 16.6. 

The channel belts of 3rd-order Ferron Sequence aggra- 
dational parasequence sets that formed in more storm- 
dominated deltas, when the sediment supply was balanced 
with rate of development of accommodation space, are gen- 
erally quite laterally extensive and multi-storied with chan- 
nel filling elements generally stacked en echelon laterally 
within the channel belt boundaries. Their thicknesses range 
from 25-35 feet and 55-60 feet. Widths from 1250-1900 
feet are most common. Aspect ratios range from 31.9-97.4 
and average about 57.2. Channel belts closer to the pale- 
oshoreline have aspect ratios averaging about 12.0. 

The channel belts of 3rd-order Ferron Sequence back- 
stepping parasequence sets, formed in wave-dominated 
deltas, when the available sediment supply was less than 
the available accommodation space. These channel belts 
are laterally extensive and sheet-like, with channel filling 
elements generally stacked vertically within the channel 
belt boundaries. They range in thickness from 9-27 feet and 
749-2652 feet in width, with vertically stacked elements. 
Aspect ratios of 65-90 and 185-195 are most common. 

There is not much evidence to suggest that local pre- 
served sand body thickness (i.e., channel fill elements) 
changes significantly as a function of distance to the pale- 
oshoreline. Data suggest that preserved channel fill ele- 
ments do become thinner downstream, but the data are 
scattered. Therefore, the data would tend to indicate that 
the preserved thickness of channel fill elements is con- 
trolled by local sedimentation rates, which decrease slightly 
down stream. The modelling of Heller and Paola (1996) 

sedimentation rate, but changes in stacking patterns down- 
stream (i.e., along the &p direction of the alluvial/delta plain) 
are driven mainly by the rate of change of subsidence along 
the basin. Based on the modelling of Heller and Paola (1996), 
it appears that the driving force behind the development of 
different channel belt architectural styles can be attributed 
to changes in rate of sediment supply, with the relative rise 
in sea level being effectively constant and with regional 
avulsion frequency being also relatively constant. 

The ratio of net sand thickness to gross stratigraphic 
thickness (netlgross), calculated for intervals within the 
Willow Spring Wash section, also vary as a function of 3rd- 
order deltaic stacking pattern. The overall Ferron Sandstone 
netlgross ratio, in Willow Springs Wash, ranges from 0.22 
to 0.47, averaging 0.31. The netlgross ratios calculated 
for the seaward-stepping, aggradational, and landward- 
stepping intervals are 0.22f0.08 (range = 0.09-0.33), 
0.43f0.18 (range = 0.14-0.65), and 0.32f0.9 (range = 
0.23-0.45), respectively The aggradational interval has the 
largest netlgross ratios, reflecting the aggrading and lateral 
stacking of the channel belts. The seaward-stepping inter- 
val has the lowest netlgross reflecting the wide spacing of 
confined channel belts, in the river-dominated systems. 

The probability of inter-well connectivity (i.e., the prob- 
ability that two wells, at a specified well spacing, will pene- 
trated the same lithologic unit), at typical 40 acre and 80 
acre well spacings is also a strong function of position with- 
in the overall stacking pattern of the 3rd-order deltaic para- 
sequence sets. In the seaward-stepping parasequence sets, 
the average width is 742f412 feet. The probability of a 
channel belt extending between two wells spaced 40 acres 
apart is only about lo%, and there is very little probability 
at a 80 acre spacing. In the aggradational parasequence sets, 
the average width is 2045f 1101 feet. The probability of a 
channel belt extending between two wells spaced 40 acres 
apart is about 75%, and the probability at a 80 acre spacing 
is only about 22%. In the landward-stepping parasequence 
sets, the average width is 1499f 711 feet. The probability of 
a channel belt extending between two wells spaced 40 acres 
apart is about 50%, and the probability at a 80 acre spacing 
is less than 10%. 

Key Concepts of Stop 5: 

The channels belts in Willow Springs Wash exhibit 
differences in geometry and internal and external 
architecture that can be correlated with 3rd-order 
depositional parasequence set stacking patterns, 
which are related to sediment supply and accommo- 
dation space systematics. 

suggests that such a scenario would result in channel stack- Width/thickness aspect ratios for channel belts with- 
ing patterns (i.e., thickness and interconnectedness) that in 3rd-order seaward-stepping parasequence sets 
are a function of the relationship of avulsion frequency and range from 7.8-52.9 and average about 29.5. 
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Width/thickness aspect ratios for channel belts with- 
in 3rd-order aggradational parasequence sets range 
from 31.9-97.4 and average about 57.2. 

Aspect ratios of 65-90 and 185-195 are most com- 
mon for channel belts within 3rd-order landward- 
stepping parasequence sets. 

Net/gross ratios, calculated for intervals within the 
Ferron Sandstone non-marine section, also vary as a 
function of 3rd-order deltaic stachng pattern. 

The probability of inter-well connectivity, at typical 
40 acre and 80 acre well spacings, is also a strong 
function of position within the overall stacking pat- 
tern of the 3rd-order deltaic parasequence sets. 

Stop 6: Willow Springs Wash North Canyon 
Wall and The County Line Channel 

Internal Channel Belt Sedimentology and Architecture 
as a Function of Depositional Parasequence Set Stacking 
Patterns 

The channel belts in Willow Springs Wash exhibit differ- 
ences in internal sedimentology and architecture that can 
be correlated with 3rd-order depositional parasequence set 
stacking patterns, which can be related to sediment supply 
and accommodation space systematics. The channel belts of 
seaward-stepping parasequence sets are generally laterally 
restricted and multi-storied with channel filling elements 
(i.e., macroforms and/or barforms) generally stacked vertical- 
ly within the channel belt boundaries. The channel belts of 
aggradational parasequence sets are generally quite lateral- 
ly extensive and multi-storied with channel filling elements 
generally stacked en echelon laterally within the channel 
belt boundaries. The channel belts of landward-stepping 
parasequence sets are laterally extensive and sheet-like with 
channel filling elements generally stacked vertically within 
the channel belt boundaries. 

The type channel belts for each of these architectural 
styles crop out in the north canyon wall. The County Line 
Channel, a Parasequence Id (Parasequence Set 1) distribu- 
tary channel belt, is excellently exposed in the lower cliffs 
of the north canyon wall of Willow Springs Wash (fig. 21). 
The Kokopelli Channel Belt, a Parasequence Set 4B chan- 
nel belt, crops out mid-wall up the north canyon wall above 
the County Line Channel. The Caprock Channel, a Parase- 
quence Set 7 channel belt caps the north canyon wall of 
Willow Springs Wash. This stop will focus on the internal 
sedimentology and architecture of the County Line Channel 
(fig. 22). 

The County Line Channel, a Parasequence Id  distribu- 
tary channel belt, trending 040°, is excellently exposed on 

the north canyon wall of Willow Springs Wash. It has a 
meander wavelength of about 3 miles and a meander ampli- 
tude of only 0.6 miles. The County Line Channel bifurcates 
just south of Indian Canyon, resulting in a smaller channel 
belt, exposed further west in Willow Spring Wash. This 
smaller distributary, the Coal Miner's Channel, generally 
trending 360' north and has a meander wavelength of about 
2 miles and an amplitude of only 0.2 miles. The County 
Line Channel feeds a mouth bar complex near the mouths 
of Coyote Basin and Rock Canyon. The County Line 
Channel is a 1243 feet wide and 60 feet thick distributary 
channel belt, with an aspect ratio of 20.7. It incises through 
the Sub-A1 coal zone into Parasequence lc. The Coal 
Miner's Channel is 354 feet wide and 16.1 feet thick, result- 
ing in an aspect ratio of 22.0. This smaller channel branch 
does not cut through the Sub-A1 coal none. 

The external geometry of the County Line Channel sug- 
gests that there are at least three stages in the development 
of the distributary channel belt morphology. Each stage 
preserves from 14-33 feet of sand and each stage becomes 
progressively wider and less confined than the previous 
stage. The lower five elements represent scour and fill ele- 
ments deposited within a narrow 332 feet wide, confined 
channel. The preserved thickness of this first phase of the 
channel belt is approximately 33 feet, resulting in a width/ 
thickness aspect ratio of 10.0. The second phase of channel 
development is recorded by the next seven higher channel 
fill elements, reflecting both cut and fill characteristics and 
lateral accretion structures. These channel fill elements 
were deposited in a much wider, yet confined channel 1120 
feet wide. The preserved thickness of this second phase of 
the channel belt is approximately 22 feet, resulting in a 
width/thickness aspect ratio of 50.9. The final phase of the 
channel belt is dominated by lateral accretionary bedforms 
and bedsets, which interfinger with the laterally equivalent 
delta-plain facies associations. This channel fill event has 
well-developed levees and overbank facies. The preserved 
width and thickness of this phase are 1243 feet and 13.6 
feet, respectively, resulting in of a widthlthickness aspect 
ratio of 91.4. 

The County Line Channel is composed of fourteen 
channel fill elements. The lower 5 elements are associated 
with the narrow, confined first stage of the channel belt 
development and represent major scour and fill events. The 
bounding surfaces of these channel fill elements are fre- 
quently delineated by thick clay pebble lag deposits. These 
channel fill elements are generally medium-lower to medi- 
um-upper grained sandstones that fine upward to medium- 
lower to fine-upper grained sandstones. They generally 
have large trough cross beds (i.e., >0.5 feet thick) near 
their bases, which change upward into faint large troughs 
and massive sandstones. The trough cross-beds decrease in 
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Figure 21. Photograph showing tlze County Line Channel in Willow Springs Wash. The channel belt is 1243 feet wide and 60 feet thick. 

size upward (to < 0.3 feet thick). Occasionally, trough cross- 
beds near bounding surfaces are contorted. There are 7 
channel fill elements in the second stage of the develop- 
ment of the County Line Channel. These channel fill ele- 
ments are dominated by lateral accretion surfaces and bed- 
forms. The bounding surfaces between these channel fill 
elements are frequently defined by bedding surfaces be- 
tween major bedform domains or barforms. These channel 
fill elements are generally medium-lower to fine-upper 
grained and exhibit a general overall fining upward trend. 
These channel fill elements contain faint large trough cross- 
beds to massive, structureless sandstones that are transi- 
tional into smaller trough cross-beds and planar and wedge 
tabular cross-stratified beds that suggest a westward lateral 
migration. The upper two channel fill elements represent 
the final final phase of the development and preservation of 
the County Line Channel, and interfinger with delta-plain 
facies associations. These two channel fill elements are gen- 
erally medium-lower to fine-upper sandstones. They exhib- 
it large scale planar tabular cross-beds near the central por- 
tion of the channel, but exhibit small scale planar tabular 

cross-beds, ripple cross-stratification, and climbing ripple 
cross-stratification near the top and laterally towards the 
channel margins. 

The changes in the geometry and architecture of the 
County Line Channel are most easily explained as simple 
consequences of channel belt evolution as a result of nor- 
mal delta progradation. The narrow confined first stage of 
channel fill (i.e., aspect ratio of 10) probably represents the 
channel belt at a position close to the paleoshoreline. The 
wider second stage of channel fill may represent the chan- 
nel belt cross-section, some 1.4 miles from the paleoshore- 
line, after the delta front deposits prograded seaward about 
0.8 miles (Gamson and van den Bergh, 1997). This change 
in position of the cross-section relative to the paleoshore- 
line is consistent with the change in width/thickness aspect 
ratio (i.e., 50.9), although the overall preserved channel belt 
aspect ratio was only 24.3. During the third stage of chan- 
nel fill, the channel fill deposits had an aspect ratio of 91.4, 
although the overall preserved channel belt aspect ratio 
was only 20.7. The final channel fill and abandonment is 
probably a normal abandonment phase of the second stage. 
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Original in-place resources for the southern part of the 
Emery Coal Field are estimated at 2.15 billion tons (Doel- 
ling and Smith, 1982) for all beds greater than 4 feet thick 
and under less than 3,000 feet of cover. Demonstrated 
resources make up 1.43 billion tons of the total, with the 
remainder falling in the hypothetical resource category. 
Cumulative coal production for the whole field through 
1990 was 9.5 million tons (Jahanbani, 1996). Assuming a 
40% recovery rate for both past and future underground 
mining, the Emery Coal Field's remaining recoverable coal 
resources are estimated to be 822 million tons. The use of 
surface mining to recover coal from areas with less than 100 
feet of overburden would increase the recoverable resources 
in those areas. 

Compositions of Upper Ferron Coals from the Emery 
Coal Field 

Average proximate and ultimate compositional analyses 
for Upper Ferron Coals from the Emery Coal Field are 
summarized in Table 1 (Molter et al., 1979; Hatch et al., 
1979; Bunnell and Hollberg, 1991; Sommer et al., 1991). All 
analyses are reported in weight percent. Recent works indi- 
cate that the Upper Ferron coals are high volatile Bituminous 
B rank coals (Sommer et al., 1991; Tabet et al., 1995), 
although earlier studies by Doelling (1972) suggested high 
volatile Bituminous C rank coals. Vitrinite reflectance data 
from wells penetrating deep Ferron coals under the Wasatch 
Plateau indicate the coals gradually increase in rank to the 
west to high-volatile B bituminous (Tabet et al., 1995). 

The most notable differences in the compositions of the 
Upper Ferron coals is their ash and sulfur contents. The ash 
content of the Ferron Coals ranges from 9.5% in the I Coal 
at the Emery Mine, to 29.4% in the J cod (Table 1). BTU 
content varies with ash content, ranging from 12690 BTUAb, 
in the I coal, to 9480 BTU/lb, in the J coal. The sulfur con- 
tent ranges from 0.6% in the I cod, up to 4.1% in the J coal 
(Table 1). With the exception of the I coal, the higher coal 
zones in the Upper Ferron Sandstone (i.e., the G, J, and the 
M) all have high ash and sulfur contents. The stratigraphi- 
cally lower C coal also has a slightly higher ash and sulfur 
content than either the A and the I coals. 

Figure 24 shows a ternary plot of the sulfur types for the 
Ferron coals. The A and I coals have a high weight percent- 
age of organic sulfur, with pyritic sulfur being lowest; the G, 
J, and M are high in pyritic sulfur; the C coal appears to be 
intermediate between these two groups. Pyntic sulfur can 
be introduced after deposition. However, it is often early 
diagenetic and suggests continuing reducing conditions. 
Organic sulfur is generally introduced during deposition. 
The coals with the highest ash, total sulfur, and pyritic sul- 
fur contents belong to transgressive phases of either the 
3rd- or 4th-order depositional sequences; the coals with the 
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Figure 23. Location map for Emery, Bookcliffs, and Wasatch Coal 
Fields and the Femon Coalbed Methane Play. 

lowest ash and sulfur contents belong to parasequence sets 
that are either strongly aggradational or strongly prograda- 
tional. Peterson et al., (1996) noted that coals formed from 
peats influenced by marine waters, generally have high sul- 
fur contents. Such conditions are likely to occur during 
marine transgressions. These observations are consistent 
with the stratigraphic positions of the high sulfur Ferron 
coals. 

Coal Mining at the Emery Mine 

The Emery Mine, now operated by Consolidation Coal 
Company (Consol), produced coal from the Upper Ferron I 
coal zone. This was the largest and longest producing mine 
in the Emery Coal Field. The Browning Mine, the original 
underground mine in the canyon, was opened in 1910. The 
old Browning Mine has its portal about 200 m southeast of 
the current Emery Mine portal. The Browning Mine was 
abandoned when a major coal bum to the south was en- 
countered. The portal was moved northwest and the current 
Emery Mine opened in 1945. In 1975, Consolidation Coal 
Company began operating the underground Emery Coal 
Mine. By the early 1980s, Consol employed up to 200 peo- 
ple, and was producing over 430,000 tons of coal per year. 
Total coal production exceeded 18 million tons. The mine 
extends about 1.4 miles underground to the northwest and 
reaches a depth of 740 feet. There are over 5 miles of con- 
veyor belts. The main market for the Ferron I Coal from 
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Figure 24. Ternary diagram showing composition of suwur within 
the Upper Femon coal seams. 

the Emery Mine was the power plants scattered up the 
Castle Valley. In 1990, Consol ceased operations in the 
Emery Mine and by 1991, the mine was classified as inac- 
tive. In 1994, a small amount of coal was shipped from the 
stockpile. In 1995, Consol sealed the portals and limited 
maintenance to pumping water from the mine to prevent 
flooding. In 1996, the last coal from the Emery mine stock- 
pile was shipped. The lack of railroad access and the high 
costs of trucking cod to the Castle Valley power plants con- 
tributed to the eventual closing of the Emery Mine. 

At the Emery Mine, coal was produced from a 22 ft 
thick seam of coal within the Upper Ferron I coal zone. To 
the northwest the coal seam splits into two 10 ft thick seams. 
The I coal seam at the Emery Mine is low in ash (9.5%), 
with a BTU content of 12690 BTUAb (dry-basis) (see Table 
1). The sulfur content of the I coal seam is low (0.6%) and is 
dominantly organic sulfur, with only minor pyritic sulhr. 
The Emery Mine contains a moderate amount of free 
methane gas, and is considered by mining standards to be 
"gas-rich." 

Key Concepts of Stop 7: 

Emery Coal Field, containing only 9.5% ash and pro- 
ducing 12690 BTUllb. 

The Upper Ferron coals have ash contents that range 
from 9.5%, in the I Coal at the Emery Mine, to 29.4% 
in the J Coal. The sulfur content ranges from 0.6%, 
in the I coal, up to 4.1%, in the J coal 

Stop 8: Drunkards Wash Coalbed Methane Field 

Generation, Retention, and Production of Methane 
from Coal: Implications for the Ferron Coalbed 
Methane Play 

Coal forms a unique hydrocarbon reservoir in that the 
hydraulic pressure typically maintains the gas in place 
rather than in a sealed porous reservoir like that found in 
conventional hydrocarbon reservoirs. Coal bed gas (CBG) 
is also unusual in that the coal itself is the source of the gas 
it stores. This gas is methane-rich and has a biogenic or 
thermogenic origin. Biogenic gas generation is restricted to 
shallow depth but this generation can occur both during 
early diagenesis and burial or late diagenesis and exhuma- 
tion. Thermogenic gas generation typically caused by burial 
heating increases with coal rank. A coal of high volatile 
Bituminous B (hvBb) rank typically produces about 960 
standard cubic feet/ ton (SCFIton) of methane (Choate et 
al., 1986). 

Free gas is expulsed from coal when the internally gen- 
erated gas volume exceeds sorption capacity. The sorption 
capacity can also be filled by externally generated gas that 
migrates into the coal. Internally generated or migrating 
gas in excess of the sorption capacity continues through the 
coal and is not retained unless trapped. Thus, if a coal exists 
within a conventional gas trap, it is possible for the coal to 
retain gas above its apparent sorption capacity and become 
supersaturated with gas. 

Coal maceral composition and ash content are also impor- 
tant internal coal bed controls on CBG content. There are 
three maceral groups found in coal. The Vitrinite group is 
formed from woody plant debris, the liptinite group is from 
waxy, resinous and oily components and the inertinite is 
from fossil charcoal as well as other altered and oxidized 
plants materials. Increasing vitrinite content enhances gas 
storage capacity and cleat (i.e., fractures in coal) permeabil- 
ity. Increasing liptinite content enhances gas generation but 
reduces storage capacity. Increasing inertinite content 

The Emery Coal Mine of ConsO1ida- enhances matrix permeability but decreases gas generation 
Coal Company was the largest and pro- but reduces storage capacity. Ash (mineral matter) has little 

ductive of the coal mines in the Emery Coal Field. It 
storage capacity, reduces gas content in direct proportion to 

produced over 430,000 tons of coal per year from 
its abundance, and inhibits cleat formation. 

the Ferron I coal zone. 
Although coal porosity is high, matrix permeability is low, 

At the mine, Ferron I coal seam is 22 feet thick and malang cleat permeability an important control in commer- 
is the highest quality and thickest coal seam in the cial production. The capacity to hold and generate gas can 
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Table 1. Analyses of Ferron coals (all analyses reported air dried). 

U. Ferron U. Ferron U. Ferron U. Ferron U. Ferron U. Ferron L. Ferron Ferron Wasatch Wasatch 
A Coal C Coal G Coal I Coal J Coal M Coal Core Henry Mts Skyline SUFCO 

Volatile (wt%) 

Fixed Carbon (wt%) 

Ash (wt%) 

Sulfate S (wt%) 

F'yritic S (wt%) 

Organic S (wt%) 

be predicted using coal rank but coal seam permeability 
must be assessed in the field. In particular finding areas of 
enhanced production or high methane content are impor- 
tant to commercial production. Zones of high methane con- 
tent formed by coal facies, partial exhumation and conven- 
tional gas traps are likely in the Ferron CBG Fairway. 

Exploration for CBG generally ranges from 150 m to 2 
km depth because: (1) at shallow depths, low hydraulic head 
causes the coal to retain little methane; and, (2) beyond 2 
km, coal cleat is closed making commercial production dif- 
ficult. The depth of burial in the Ferron CBG Fairway to 
the east of the Wasatch Plateau and west of the outcrop belt 
is generally ideal for CBG production. 

Coalbed Methane Resources of the Ferron Sandstone 
Coalbed Methane Play 

The Ferron Sandstone Coalbed Methane Play is a 6-10 
mile wide by 80 mile long fairway (Tripp, 1989; Tabet et al., 
1995) (fig. 23). The methane is produced from coal beds in 
the Lower Ferron Sandstone (Vernal Delta). The coals occur 
at attractive drilling depths ranging from under 1,000 feet 
to over 7,000 feet. Some gas desorption data have been col- 
lected from shallow coals of the Upper Ferron Sandstone, 
at the southern end of the coal field (Doelling et al., 1979), 
but these few, near-outcrop samples yielded only 0-16 
standard ft3lton (SCFIton) methane. Only one gas content 
measurement for deep Ferron Sandstone coals has been 
released by companies currently exploring for gas. River 
Gas of Utah reports its initial core test well had in excess of 
400 SCFIton methane in a 36.7 foot thick coal interval (Lyle, 
1991). If the entire Ferron coal play contains similar gas 

contents, then in-place gas resources for the play could be 
as high as 9 TCE 

River Gas of Utah, Texaco, and Anadarko have been 
active in exploring and producing the coalbed methane 
from the Ferron play. The Ferron Sandstone CBM Play cur- 
rently contains over 100 producing coalbed methane wells. 
In 1995, almost 4% of Utah's total gas production came 
from wells in the Ferron Sandstone CBM Play (Petzet, 1996). 
Cumulative production from the Ferron CBM play through 
October 1996 is approximately 30 BCE Currently two 
fields are producing from the Ferron Sandstone CBM Play: 
the Drunkards Wash Field south of Price, Utah, operated 
by River Gas of Utah, and the Buzzards Bench Field at 
Orangeville, Utah, operated by Texaco. 

Drunkards Wash Coalbed Methane Field 

The Drunkards Wash Coalbed Methane Field is the 
largest field in the Ferron Sandstone CBM Play; it covers 
120,000 acres and contains 89 producing wells on an 160 
acre spacing (Lamarre and Bums, 1996). The wells have a 
classic coalbed methane negative decline curve with increas- 
ing gas rates as the reservoir pressure declines due to the 
production of water (Lamarre and Bums, 1996). These wells 
produce 43.7 MMCFD, averaging 491 MCFDIwell. As of 
mid-1996, thirty of these wells had been producing for over 
38 months and have an average of 692 MCFDhell (Lamarre 
and Bums, 1996). The daily water production is 16,500 bbl, 
averaging 185 BWPDIwell. In 1995, the field produced 11 
BCF of methane and 5.7 million bbl water. All wells are 
cased and hydraulically stimulated and most have pumping 
units to handle the large volume of produced salt water. 
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Salt water produced with the methane gas is disposed of by 
pumping units that pump the water into the subsurface 
Navajo Sandstone at a depth of 5500-6000 feet. 

The typical depth for these wells is 1800-3400 feet. The 
total coal thickness within the field ranges from 4-48 ft, but 
averaging 24 ft (Larnarre and Bums, 1996). The coal occurs 
in from 3 to 6 dlstinct seams. The coal is high volatile Bitu- 
minous B (hvBb) coal. The hvBb rank of the Ferron coal is 
within the window of thermogenic gas generation, which 
typically produces about 960 SCFIton of methane (Choate 
et al., 1986). This volume is gas is far more than the report- 
ed 440 SCFIton of methane present in the Lower Ferron 
coals in the Drunkards Wash Field (Bums and Lamarre, 
1996). The hvBb rank also suggests a sorption capacity of 
only 200 SCF/ton at their present burial depth of about 
2,000 ft (Kim, 1977), suggesting the Ferron coals are super- 
saturated with gas. This amount of gas is higher than the 
coal rank and depth would suggest. The gas appears to be a 
combination of thermogenic and secondary biogenic gas 
(Lamarre and Bums, 1996). Canister desorption data and 
measured sorption isotherms suggest the coal is supersatu- 
rated with respect to gas at the initial measured reservoir 
pressures of 765 psi (Bums and Lamarre, 1996). Further, 
when wells are initially completed in these Ferron coals, 
gas can flow without stimulation, a signature of supersatu- 
ration. The excess gas in these marginally mature coals 
seems to come from Ferron coals themselves and perhaps 
other source rocks buried deeper in to the west. After gen- 
eration, @e gas apparently migrated into the conventional 
gas trap formed by the updip pinchout of coalbeds into the 
mudrocks at the Drunkards Wash field. 

Key Concepts of Stop 8: 

The Ferron Sandstone Coalbed Methane Play is a 
6 1 0  mile wide by 80 mile long fairway that has been 
estimated to contain as much as 9 TCF gas. Cumu- 
lative production from the Ferron CBM play, through 
October 1996 is approximately 30 BCE 

The Drunkards Wash Coalbed Methane Field is the 
largest field in the Ferron Sandstone CBM Play; it 
contains 89 producing wells (1995). In 1995, the 
field produced 11 BCF of methane and 5.7 million 
bbl water. 

Salt water produced with the methane gas is dis- 
posed of by pumping units that pump the water into 
the subsurface Navajo Sandstone at a depth of 
5500-6000 feet. 
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