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ABSTRACT 

The Upper Cretaceous Ferron Sandstone Member of 
the Mancos Shale, the coal-bearing unit of the Emery 
coalfield in central Utah, shows accumulation of clastic 
sediments in a lobate, river-dominated deltaic system 
that existed along the western shoreline of the Interior 
Cretaceous seaway during late Turonian time . Five 
cycles of deltaic sedimentation, each containing one ma
jor coal bed or coal lone, are represented. A clear 
genetic relationship exists between the geometries of the 
major coal beds of the Emery field and the geometries 
of the delta-front sandstone units with which they are 
associated. The thicker part of each coal bed extends 
from the vicinity of the landward pinch-out of the 
associated delta-front sandstone landward to a distance 
of about 10 km. This genetic relation forms the basis of 
a predictive model that call be used in designing more 
cost-effective exploration programs in coal-bearing 
strata of Cretaceous age in the Western Interior. 

INTRODUCTION 

A substantial gap exists between capabilities and com
mon practices in the science of coal geology. The basic 
tasks of the coal geologist typically are (I) to design 
drilling and coring programs that, in combination with 
existing data, adequately evaluate areas of interest ; (2) 
to supervise the drilling programs and the collection of 
data and coal samples; (3) to compile and interpret da ta 
to es tablish coa l bed co ntinuity , thickness, coa l qu alit y, 
and min a ble reserves ; and (4). when a parti cular area 
warrant s , to cooperate with mining engin eers in the 
pl anning of a mine . This procedure has been applied ef· 
fec tively fo r many years , but it has one major sho rt com
ing- little o r no a tt enti on is pa id to the relatio ns be-
t ween t he coa l beds and their enclosing strata. 1f t he 
stra ta are stud ied a t a ll , it is to determ ine ph ys ica l pro-

'Man uscript rece ived, February 2, 1981; accepted, July 20,1981. 
'U.S. Geolog ica l Survey, Denve r, Colorado 80225. Presenl addre ss: 
Departmen l of Geolog ical Sc iences , Univers il y o f Co lorado. Boulder. 
Colorado 80309. 

The results of this study were first presented at the AAPG annual 
meeti ng, Ho us ton, Texas, in t979. 

Stratigraph ic studies of the Ferron Sands ton e Member and il S coa l 
beds were conducted primarily during the summers of 1976·78. Michael 
Hannigan . Debra Hannigan, Richard Phillip. and Steven Goolsby all 

perties that affect mining . A great deal of valuable in
formation has remained unutilized. 

In recent years, depositional models relating the 
paleoenvironmental histories of' coal beds and 
associated strata have been effectively and profitably 
applied in mine planning (Horne et ai , 1978). The prin
cipal value of the models is that they are predictive. 
Areas of potentially dangerous roof conditions, areas 
where coal beds are likely to thin or split, and, to a lesser 
extent, coal quality and chemistry all can often be 
predicted with even a limited amount of drill hole data. 
These predictions can be utilized in both advanced-stage 
drilling and mine planning. Unfortunately, most tract 
evaluation and mine-planning programs do not include 
development and application of depositional models. 
This will undoubtedly change in coming years, as in
creasing demand for coal, wider use of multiple seam 
mining methods, mining to greater depths as shallow 
reserves are depleted, and increasing concern for mine 
safety all increase the desirability of more efficient and 
cost-effective methods in tract evaluation and mine 
planning . 

It is the premise of this paper that depositional 
models can also be effectively applied in coal explora
tion. The predictive model presented here has been 
developed for the Upper Cretaceous Ferron Sandstone 
Member of the Mancos Shale, the coal-bearing unit o f 
the Emery coalfield in central Utah. I believe that th e 
model will prove to be applicable to much of the coal
bearing strata of Cretaceous age in the Western Interior 
Unit ed States , although modification will be necessa ry 
for its application to areas characteri zed by di fferent 
styles of sedimentation . Some poss ible modificati o ns 
are di scussed. 

EMERY COALFIELD, UTAH 

Th e Emery coalfield (Fig. I), with to ta l coa l reso urces 

rendered capab lo ass istance in the field. 
A large quantit y o f subsu rf ace data from lhe Emery coa l field was 

made ava il ab le by The Consol idation Coa i Co. Ti ,e conclusion s drawn 
here would no l have been possible without access to these data: 
special thanks to Will iam Eastwood and Edwin Kuhn for their help in its 
acqu isit ion. Add itional subsurface data were provided by Gerald 
Van inetti , Utah Power and Light Co., Salt Lake City , and Mark Wilker· 
son, At lantic Richf ield, Denver. Anna Langer com pil ed much of tho sub· 
surface data and ass isted in it s interpretation. 
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of approximately 1.3 billion metric tons (Lupton, 1916; 
Doelling , 1972), is one of the smaller coalfields in the 
Rocky Mountain region. It combines variou s 
characteristics that make it ideally suited for a stud y 
relating the geometries of coal beds to their paleoen
vironmental settings : (I) natural exposures of the Fer
ron Sandstone Member in the Emery area are superb 
(Fig. 2), permitting detailed stratigraphic study and 
paleoenvironmental reconstruction; (2) the struct ural 
strike of the area is at a high angle to the depositional 
strike of the Ferron, making it possible to describe com
plex interfingering of marine and nonmarine facies in 
the direction of depositional dip; (3) all major coal beds 
and some associated rocks contain layers of altered 
volcanic ash that can be correlated and used as 
isochronous surfaces in paleoenvironmental reconstruc
tions; and (4) the area has been extensively drilled by the 
coal industry. 

METHODOLOGY 

Of primary importance in this study was the delinea
tion of the stratigraphic framework of the Ferron Sand
stone Member in the Emery coalfield, specifically, the 
recognition and mapping of the major cycles of 
sedimentation. The nearly continuous outcrops of the 
Ferron were studied along a distance of 40 km parallel 
with the structural strike. The actual outcrop distance 
studied, considering the numerous canyons and smaller 
irregularities of the outcrop, totals about 70 km . 
Smaller areas within the coalfield and selected 
stratigraphic intervals within the Ferron were chosen for 
more detailed stratigraphic study. The purpose of these 
studies was to relate, in as much detail as the outcrops 
would afford, several major coal bodies to their 
paleoenvironmental settings within the depositional 
cycles. The results of these studies are reported 
elsewhere (Ryer and Langer, 1980; Ryer et ai, 1980; 
Ryer, 1981 a). A large amount of proprietary drill hole 
and corehole data was made available by the coal in
dustry. These data were interpreted and combined with 
the general and specific stratigraphic models to provide 
a sound , three-dimensional picture of the Ferron Sand
stone Member and its coal beds. Finally, all data were 
integrated to produce the predictive model. 

FERRO N SANDSTO NE MEMBER 

Stratigraphic Settin g 
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FIG. I-Outline of Emery' coalfield . Southeast edge of 
coalfield is outcrop of Ferron Sandstone Member; northwest 
edge approximately coincides with eastern escarpment of 
Wasatch Plateau. The coalfield is defined at its northeast edge 
by approximate seaward limit of coal in Ferron and at its 
southwest edge by covering of Ferron by Tertiary volcanic 
rocks. Also shown are locations of landward pinch-outs of 
delta-front and marine sandstones discussed in text. (Outline 
of coalfield from Doelling, 1972.) 

of the Interior Cretaceous seaway, in southeastern 
Nevada, western Utah , and southern Idaho, a moun
tainous region, the Sevier orogenic belt, was repeatedly 
thrust-faulted and uplifted throughout Cretaceous time 
(Armstrong, 1968). Erosion of Paleozoic strata and, 
later, g ranitic basement rocks in the Sevier orogenic belt 
during Late Cretaceous time produced immense quan
titi es o f clastic sediments, which were shed eastward to 
acc umul ate in the Rock y Mounta in geosyncline . T he 
thi ckes t Upper Cretaceous sections occur in a pro
no un ced fore land bas in that extended from central Utah 
nort hward into so uthwes tern Wyoming (McGookey , 
1972). The Emery area lies on the southeastern flank of 
this for eland basin 

Th e Ferro n Sands to ne Mem ber accu m ulated duri ng 
la te T uronian time in a suit e o f deltaic pa leoen
vironments along the wes tern shore li ne of the vast In 
te ri or Cretaceo us epe iric seaway. The seawa y (Fig. 3), 
wh ich occupied th e int erior of the North Am eri can COll 

tinent d uring lat es t Ear ly Cr taceous and most of I .a rc 
C retaceo us tim e, connected wa ters o f th e pro to 
Ca ri bbean o n th e so uth wi th [h ose of the C ircul11borea l 
sea o n th e no rth a nd , at tim es of maxim uill d eve lop
men t, st retc hed fro m wes tern and centra l Ut a h eas twa rd 
to Missour i and Iowa (Willi ams and Ste lck, 1975). West 

T he wes tern sho reline of the Int erior C retaceous 
seawa y un derwent a se ri es of majo r transgressions a nd 
reg ress ions d uring La te Cretaceous time (Kauffm an, 
1977). Thc regress io ns arc represen ted by eastward
th inn ing and genera ll y eastward-fining wedges of clastic 

. ~ 
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FIG. 2-Exposures of Ferron Sandstone Member east of Emery, Utah. Delta-front sandstone units form prominent ledges. 

sediments from the Sevier orogenic belt; the transgres
sions are represented by westward-thinning tongues of 
marine mudstone and shale. The Ferron Sandstone 
Member constitutes the earliest of these major Upper 
Cretaceous clastic wedges in central Utah (Fig. 4). The 
Emery coalfield is situated at the distal end of the 
wedge, where the Ferron interfingers with and pinches 
out eastward into mudstones of the Mancos Shale. 

Stratigraphy and Paleoenvironments 

The stratigraphy of the Ferron Sandstone Member 
was first described by Lupton (1916) in his comprehen
sive study of the coal resources of the Emery field. Lup
to n' s coal resource da ta have been updat ed and revised 
by Doelli ng (1 972). Dav is (1954) a nd Katich (1954) 
recogni zed the Ferron as a deltai c deposit, recording ac
cum ul a tion of sediment der ived fro m an area located 
so uthwest of the Emery coalfield . They also noted that 
the Fe rron Sandstone Member in central Utah is not a 
single genet ic unit. In add ition to the de lt a ic comp lex, 
typified by exposures in the Emery coalfield , the Ferron 
includes a s ligh tl y older, strat igraph ical ly lower se
quence of intensely biotur bated, predom inant ly 
hori zon tal planar- laminated sandstone and silt stone 
th at is best developed north of the Emery field. Cott er 
(l975a, b, 1976) has elucidated this relation. Hale 

FIG. 3-PlIleogeography of Interior Cretaceous seaway of 
western North America at peak transgression in early Turo
nian time. (Modified from Williams and Stelck, 1975.) 
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FIG. 4-Diagrammatic, restored west-east cross section of Cretaceous strata extending from western Utah to western Colorado. 
(Modified from Armstrong, 1968.) 

FIG . 5-Facies of lobate, river-dominated delta . (Modified 
from Fisher et ai, 1969.) 

(1972), utili zing subsurface data from oil and gas tests, 
published a regional interpretation of the depositional 
history of the Ferron Sandstone Member. The Emery 
coalfield is in the so uthernmost part o f Hale's study 
area . 

The Ferron Sands ton e Member in th e Emery coa lfield 
is th e product o f epi sodi c north eastward progradation 
of a loba te, ri ver-domin ated de lt aic sys tem. Broadl y 
defined fa cies in a deltaic system of this type are shown 
in Figure 5. As a delta progrades seaward , the more 
landward facies come to overlie th e more seaward facies 
in a progradation sequence. An idealized prograda
tional sequence for the Ferron Sandstone Member is 
shown in Figure 6. 

Cotter (I975a) described the deltaic facies of the Fer
ron Sandstone Member in considerable detail and com
pared them with analogous facies of several modern 
deltas. Inasmuch as my observations and interpretations 
agree with Cotter's, a detailed redescription of the facies 
of the Ferron here is unwarranted. The following is a 
brief description of facies (Fig . 6), emphasizing those 
features that substantiate the interpretation of the Fer
ron as a river-dominated, lobate deltaic system. 

Prodelta-Prodelta deposits of the Ferron consist of 
interbedded mudstone and very fine to fine-grained 
sandstone (Fig. 7). The number and thickness of sand
stone beds increase upsection. The sandstone beds are 
generally planar laminated and have abrupt lower con
tacts that commonly display evidence of minor erosion. 
Long-crested oscillation ripples and ripple drift lamina
tion are commonly present in the upper parts. Bioturba
tion in the prodelta facies is generally sparse. The most 
common burrow types are Ophiomorpha and 
Thalassinoides. 

Delta front - The laterally continuous, cliff-forming 
sandstone units of the Ferron Sandstone Member (Fig . 
2) accumulated in the delta-front environment. The 
units consist of very fine to medium-grained sandstone 
with minor interbeds of mudstone and typically range 
from about 15 to 25 m in thickness . Though the thick 
ness o f a parti cul ar delta-front sandstone changes o nly 
gradually along th e out crop, the sequence of sedim en
tary structures in the sa ndstone may change dramatical
ly over short dist ances . Th ese rapid lat eral changes are 
re la ted to th e prox imit y o f co nt empora neo us 
distributary channels within the deltaic system . 

At most loca lities, th e de lta -front sa ndston es can be 
divided into distal bar and d istribut ary mouth bar sub
facies. Deposits of the distal bar consist of very fine to 
fine -grained, planar-laminated sandstone with minor in 
terbeds of mudstone . Some hummocky cross-stratifi-
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PRODEl TA DELTA FRONT 

FIG. 6-ldealized progradational sequence for Ferron Sandstone Member. 

FIG. 7-Interbedded sandstone and mudstone of prodelta facies . Sandstone bed at middle of photo displays oscillation ripples. 

cation is present; bioturbation is sparse. Bedding planes 
dip gently seaward . Very fine to medium-grained sand 
sto nes o f th e distribut ary mouth bar are characteri zed 
by tro ugh cross-strat i fi ca tion . Transport direc tions are 
variable but are generally seaward. Biogenic structures 
are rare. Just sea ward of acti ve d istribu tary channels , 
the di stribut ary mouth bar deposit s are thicker than 
norm al and d isplay large , co mp li ca ted cut and fill struc
tures (Fig . 8) . T he delta-frollt sa nds tones are loca lly cut 
by d istr ibutary cha nn els (Fig . 9) . The la rges t 
dist ri but ary chan nel observed on t he o ut crop was 15 m 
deep and abo ut 100 m wide. Foll owing abandonment , 
th e distrib uta ri es were fil led wi th trough cross-stratified 
san dstone, int erbedded sandstone and muds tone, or 

carbonaceous mudstone . 
De/ta p/ain- The delta-plain facies of the Ferron in

cludes a variety of subfacies. Most di stinctive are ext en
sively bioturbated mudstones and sil tstones deposi ted in 
brackish water bays. These deposits commonl y contain 
oysters, corbiculid, corbulid, and myt ilid bivalves, and 
a variety of gas tropods . The bay deposits are commonly 
capped by upward coarsening crevasse splay sequences 
of lam inated si ltstone and ripple drift cross-laminated 
sa ndston e. The tops of the splay sequences are com
mo nl y roo t penetrated and overlain by carbonaceous 
shale or coal. The major coal beds of the Emery 
coalfield are associated with the delta-pl ain fac ies 
though , as discussed later, the areas of peat accumula-
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tion may later have beco me isola ted between river chan
nels of the alluvi al plain as the deltai c system prograded . 
Abandoned fills of nonsinuous distributary channels are 
common in the delt a-plain fa ci es. The channel fills a re 
plano-convex lens shaped in section perpendicular to the 
direction of flow and may be filled with sandstone, 
siltstone, or shale. Flanking the channels are levee 
deposits consisting of bioturbated , very fine-grained 
sandstone and siltstone . 

Alluvial plain-The alluvial-plain facie s is 
characterized by fining-upward sequences of coarse to 
very fine-grained sandstone that record accumulation of 
sediment on the point bars of meandering river channels 
(Fig. 10) . The sandstones of the point bar sequences are 
trough cross-bedded . At the bases of the channels are 
lag deposits composed of chips and pebbles of claystone 
and some carbonized logs. The size of the bed load 
material becomes coarser in the most landward part of 
the deltaic system, where the channels commonly con
tain coarse sandstone with granules of quartz and chert. 
The point bar sequences range up to about 12 m in 
thickness . Thicker fluvi al sandstone units, up to about 
30 m thick, are the result of vertical stacking of point 
bar sequences. Laterally migrating channels have erod
ed much or all of the preexisting delta-plain facies in 
some areas. There, alluvial channel sequences may res t 
erosionally upon a delta-front sandstone unit . Also pre
sent in the alluvial facies are levee deposits and beds of 
mudstone, carbonaceous shale, and coal deposited in 
flood basins . The coal beds of the alluvial facies are 
generally thin and laterally discontinuous . 

proximatel y parallel with th e depos iti onal dip ; th e width 
of the outcrop belt , parall el with th e depos itional strike, 
reaches a maximum of onl y about 4 km . As a result, it is 
impossible to distinguish th e shapes of individual delta 
lobes within the Ferron delt aic sys tem. A variet y of 
evidence, however, can be used to determine the basic 
geometry of the delt as . 

I . Bioturbation within the prodelta and delta-front 
facies is generall y sparse , indicating th at rat es of sedi
ment accumulation were sufficiently rapid to preclude 
complete homogenization of sediment by the burrowing 
infauna. 

2. Shoreface sequences (Clifton et ai, 1971; Howard 
and Reineck, 1972, 1981) , the result of sedimentation 
along wave-dominated coastlines, are rare jn the Fer
lon, being only locally present in the southernmost part 
of the Emery coalfield. Wave energy, however, was suf
ficient to produce laterally continuous delta-front sheet 
sands. 

3. The delta-front sandstones of the Ferron consist 
primarily of distal bar and mouth bar deposits and are 

Transgressive deposits-Progradation of the Ferron 
deltaic system was interrupted several times by trans
gressions of the shoreline. Associated with the erosional 
surfaces developed during these transgressive episodes 
are transgressive lag deposits . These deposits vary great
ly in character and are thin or absent at most localities. 
The thickest transgressive unit observed on the outcrop 
reaches 2 m in thickness and is shown in Figure II . It 
directly overlies the C coal bed of the Emery coalfield 
and is overlain by prodelta deposits of the next delta cy
cle. The unit consists of intensively bioturbated, poorly 
sorted, silty sandstone . Fragments of coalified peat, 
eroded from the underlying C coal bed, are abundant in 
the lower part. Logs bored by Teredo-like bivalves are 
also present. Numerous sand-fill ed burrows ex tend 
downward from th e base of the deposit into th e top of 
the coal bed. Locally, the erosional surface benea t h the 
transgress ive deposit descends to the level of a layer o f 
altered volcanic ash con tai ned in the C coal bed (the 
"thick" parti ng desc ribed by Ryer et al (1 980) . Here, 
rotated and part ly rounded blocks of kao lini ti c 
cl ays tone fro m the a ltered as h laye r are inco rporated in
to th e base of the tra nsgressive lag . Oth er transgress ive 
deposit s co nsist of planar lamin ated , moderately bi otur
ba ted . very fine to medium -grained sandston e. In most 
places , the tra nsg ressive depos its co nsist o f only a few 
cent imeters of poo rly so rt ed. in tense ly bioturbated 
sa nd ston e. Volum etrica ll y, they form an insign ifica nt 
pa rt of th e Ferron Sandstone Member. 

The out crop of the Ferron Sandstone Member is ap-

FIG. 8-Exposure of Fer ron Sa ndsto ne M emb er so uth east of 
Emery shOll'S Nos. 1. 2. an d 4 delt a-f ro nt sa nds to nes . p lus A 
and C coal beds o f Emcr)' co alfield. No. 2 de lt a -front sa nd 
sto ne d isplays comp licated cut and fill s tructu res cha racter istic 
of mout h bar deposits seaward of active distrihut a ries . S ma ll 
dis tribut ary cha nn el fill ed with mudstone cuts top of No. 4 
de lt a- front sands tone. 
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cut by nonsinllous distributary channcls. 
4. Thc delta-plain racies contains many nonsinuou s 

distributary channels and the dcposit s or bracki sh water 
bays. Though the development 0 r brack ish water bays 
suggests tidal exchange or water, there is no evidence ror 
strong tidal innuence. 

5. The alluvial-plain racics consists primarily or the 
deposits or meandering river channels. 

These criteria are all consistent with those or modern 
lobate, river-dominated delta systems (Galloway, 1975; 
Coleman, 1976). 

As is evident rrom the preceding discussion, the Fer
ron Sandstone Member consists not of a single prograd
ed delta but of a series of deltaic systems stacked one 
above another. The basic cross-sectional geometry of 
each of the deltaic systems in the direction of deposi
tional dip is shown in Figure 12. With the exception of 
the earliest system, which gradationally overlies the 
Tununk Shale Member, each deltaic system is underlain 
and overlain by erosional surfaces associated with 
preceding and succeeding transgressions. These pro
graded deltaic systems, each consisting of a series of 
coalesced delta lobes, plus their associated transgressive 
disconformities, define cycles of deltaic sedimentation. 

Cyclicity may be the result or autocyclic (Beerbowcr, 
1964) processes within th e nuvial-deltaic system, chief 
among them being the processes or river avulsion and 
delta switching . Cotter (J 975a) cited the cyclic nat ure or 
progradation as rurther evidcnce that the delta was 
lobate and river dominated, thereby implying autocyclic 
control. Another possibility is that the transgress ions 
are responses to episodic subsidence within the roreland 
basin. 

Figure J 3, .a diagrammatic cross section or the Ferron 
Sandstone Member in the vicinity of the Emery 
coalfield, shows the basic stratigraphic framework or 
the Ferron (Ryer, 1981a, b). The Ferron consists or rive 
major cycles of deltaic sedimentation. The delta-front 
sandstone units, which serve to derine the cycles, are 
labeled numerically in ascending stratigraphic order. 
Each cycle includes one major coal bed or coal zone. 
Minor coal beds, most of which are locally developed 
rider coal beds associated with the major beds, are not 
shown in Figure 13. The coal beds are labeled 
alphabetically, in ascending stratigraphic order accor
ding to the scheme proposed by Lupton (1916). The I 
coal bed is split in a landward direction by a wedge of 
predominantly alluvial strata. The lower and upper 

FIG. 9-Sandstone-fiI led distributary channel culling No.2 delta-front sandstone. Thin coa l lOlle lies betweell No. I and No.2 
delta-front sandstones at this locality just south of Interstate 70. 

" 
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subseallls of the coal bed are designated II and 12, 
respectively. 

Southwestward tran sgressio n of the sea across the top 
of the deltaic complex at the close of Ferron deposition 
was rapid but was interrupted by several brief periods of 
nort heast ward progradat ion 0 f t he shoreline. The pro
gradational, shallow-m arine sandstone units that ac
cumu lated at these times extend only a few kilometers 
seaward. Coal, generally in thin, localized beds, and 
carbonaceous shale are associated with these minor pro
gradational events. One of these, the J coal bed (Fig. 
13), is thick enough to be of economic value . 

LANDWARD PINCH-OUTS OF DELTA-FRONT 
SANDSTONES AND ESTABLISHMENT OF 

SHORELINE T1~ENDS 

Each delta-front sandstone of the Ferron, together 
with it s associated prodelta deposits, may be regarded as 
a unit having the general configuration of a parallelo
gram in a section parallel with the depositional dip (Fig. 
12) . Tracked in a landward direction, the prodelta, 
distal bar, and mouth bar deposits successively thin and 
pinch out against the erosional, discon formable surface 
that defines the base of the unit. The landward pinch-

out of the delta-front sandstone against delta-plain or 
alluvial-plain deposit s of the previous cycle marks the 
point of maximulll transgression of the shoreline during 
the transgress ive or delta-des tructive phase that 
separated the two phases of deltaic progradation . 
Where the pinch-out of an individual delta-front sand
stone unit can be observed at two or more localities 
along depositional strike on outcrops or recognized in 
the subsurface, the trend of the shoreline at maximum 
transgression can be established. The shoreline trends of 
the Ferron deltaic sandstones, recognized in this way, 
are approximately northwest, which agrees with the 
shoreline trend established for the area by regional 
study of the Ferron Sandstone Member and its lat eral 
equivalents (Hale, 1972; paleogeographic maps, 
McGookey, 1972) . The landward pinch-out of the No.2 
delta-front sandstone on an exposure in the southern 
part of the Emery coalfield (Fig. I) is shown in Figure 
14. 

In areas where channels of the alluvial facies have 
eroded the upper parts of the delta-front sandstones, it 
is not possible to observe the landward pinch-outs, and 
their positions must be estimated. The landward pinch
out of the No.4 sandstone on the outcrop is obscured in 
this way, and it was necessary to locate it approximate-

FIC. IO- Sandstone, representing active filling of meandering channel of alluvial facies, erosionall~ overlies bioturbated, car
bona('eoll~ si ll.~ton (' of delta -p lain facies. 
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I~' . Fortunately, the trend of this pinch-out downdip geometries of their associated delta-front sandstones. 
from the outcrop co uld be defined using subsurface This relation is illustrated in Figures 15-19. The isopach 
data . 

MA.JOH COAL BEDS OF EMEHY COALFIELD 

maps in these figures were constructed usi ng proprietary 
subsurface data augmented by outcrop measurement s. 
To protect the confidentiality of the subsurface data, no 
information is shown that could be used to precisely 

A clear genetic relation exists between the geometries locate the data points . These are total coal isopach 
of the major coal beds of the Emery coalfield and the maps, showing the thicknesses of the major coal beds, 

FIG. II-Transgressive lag deposit (TL) overlies C coal bed 
with erosional contact. Prodelta (P) and delta-front (OF) 
deposits of No.4 delta cycle overlie transgressive lag. 

less any rock spiits, plus the thicknesses of rider seams; 
they do not show minable seam thicknesses. Several 
thin, localized coal beds in the Ferron could not be 
related to any major coal bed with certainty, and 
therefore have not been included in the analysis. Their 
inclusion would not significantly alter the picture pre
sented here . The coal beds are discussed individually in 
descending stratigraphic order. Though opposite to the 
order of deposition of the coal beds, this order of 
discussion allows progression from simpler to more 
complex situations. 

The J coal bed (Fig. IS) is the product of peat ac
cumulation during one of the minor progradational 
events that interrupted the southwestward transgression 
of the sea across the Ferron deltaic complex. The coal 
bed only locally exceeds 2 m in thickness. The thicker 
part of the bed, "thicker" being arbitrarily defined as 
equaling or exceeding half the value of the greatest 
isopach line mapped on the bed, extends from a position 
approximately 3 km seaward of the landward pinch-out 
of the associated marine sandstone to a position approx
imately I I km landward of the pinch-out. The body of 
thicker coal is elongate, the direction of elongation be
ing nearly normal to the trend of the pinch-out of the 
marine sandstone. 

The I coal bed (Fig. 16) is, economically, the most im
portant bed in the Emery coalfield. It attains a max
imum thickness of about 10 m. The thicker coal (greater 
than 5 m) occurs in an elongate body that extends from 
a distance of approximately 2 km to a distance of ap
proximately 11 km landward of the landward pinch-out 
of the No.5 delta-front sandstone. The elongation of 
the coal body, like that of the body of thicker J coal, is 
nearly normal to the trend of the pinch-out. The rela
tion of the channel system that is indicated in the north
eastern part of the area is unclear because the outcrops 
in the vicinity of the channel deposits have been disturb-

DEPOSITS OF SUCCEEDING CYCLE 

(
LAN~WARD ~'NCH-OUT 

DEL TA PLAIN 
~..,."..,,......,"C' 

1'~A1iSG~~SS/V~ 
. '. D/SCONFORMITY 

. . ' , " . . . .' . ,",O U H BAR 

DEPOSITS OF PRECED ING CYCLE 

FIG. 12-Diagrammatic section, para ll el with depositional dip, through deposits of deltaic cycle s howing hounding transg ressive 
disconformities and landward pinch-out of delta-front sandstone unit. 
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NE 
BLUE GATE SHALE MEMBER 

TUNUNK SHALE MEMBER 

FIG . 13-Diagrammatic cross section of Ferron Sandstone Member in vicinity of the Emery coalfield. Delta-front sandstone 
units are labeled numerically, major coal beds alphabetically. Undivided alluvial- and delta-plain deposits are indicated by 
horizontal dashed pattern. 

ed by natural burning of the I coal bed. It is probable 
that the channel system, which is represented by a series 
of stacked point bar sequences totaling 25 to 30 m in 
thickness, was at least partly contemporaneous with the 
swamp that produced the I coal bed. The channel 
system was abandoned prior to accumulation of the J 
coal bed. 

The G coal bed (Fig. 17) only locally exceeds 2 m in 
thickness . The thicker (greater than 1 m) part of the coal 
bed extends from approximately 2 km seaward of the 
landward pinch-out of the No.4 delta-front sandstone 
to at least 11 km landward of the pinch-out. If the 
thicker coal body has a direction of elongation, it is not 
apparent from the available data. 

The C coal bed (Fig. 18) locally exceeds 6 m in 
thickness. The thicker part of the coal bed (greater than 
3 m) extends from approximately 1 km landward of the 
landward pinch-out of the No . 3 sandstone to approx
imately 10 km landward of the pinch-out. The area of 
thicker coal parallels the trend of the pinch-out of the 
No.3 sandstone but can be subdivided into two bodies 
by the convergence of the 3-m isopach lines in the north
central part of the mapped area . The shape of the north
westernmost of these two bodies cannot be clearly 
discerned because of the small number of drill holes that 
have penetrated it. Coal exceeds 5 m in thickness in two 
small a reas within the well -defined southeasterly body . 
A line passing through these two areas of thickest coal 
intersects the trend of the pinch -out of the No.3 sand
stone a t approximately a right angle. 

The A coal bed (Fig . 19) is, by far , the mos t 
widespread o f th e coa l beds in th e Emery coa lfield . T hi s 
re fl ect s the fact th a t the No .2 delt a- fr o nt sandstone, 
with which it is assoc ia ted, has a m uch grea ter la tera l ex 
tent para ll el with the depos ition a l d ip th an do the suc
ceed ing delt a- fron t sa ndsto nes (Fig . 13) . T he coa l bed 
loca ll y x ds 5 m in thi ckn ess . T he thicke r coa l 
(sho wn in Fig ure 19 as coa l exceed ing 2 m in thi ck ness , 
no 2.5-m co n to ur hav ing been mapped) occ urs in three 
la rge r a nd one sma ll er bo d ies. One of th e la rger bodies 
is assoc iated with the landwa rd pinch-o ut of the No . 2 

delta-front sandstone, following the pattern of the 
stratigraphically higher coal beds . This coal body ex
tends from approximately 2 km seaward of the pinch
out to approximately 8 km landward of the pinch-out. 
As mapped in Figure 19, it is elongate perpendicular to 
the trend of the pinch-out of the No.2 sandstone. The 
distribution of control points, however, is such that a 
different configuration is possible . The other two of the 
larger bodies of thicker coal occur between approx
imately 2 and 9 km seaward of the landward pinch-out 
of the No. 2 sandstone. The northernmost of these 
bodies is elongate at a high angle to the trend of the 
pinch-out; the other shows no elongation . 

A zone containing carbonaceous shale and thin beds 
of coal is associated with the No. 1 delta-front sand
stone . A maximum observed coal thickness of about 1 
meter occurs in a bed in the southernmost part of the 
Emery coalfield. Lupton (1916) miscorrelated this coal 
bed with the A coal bed, which pinches out several 
kilometers to the north. The thin, localized coal beds of 
this zone were not isopached. No landward pinch-out of 
the No.1 sandstone can be observed, the No . 1 sand
stone being covered by Tertiary volcanic rocks at the 
south end of the outcrop of the Ferron Sandstone 
Member (Williams and Hackman, 1971). 

PREDICTIVE MODEL 

A body of thi cker coal is associated with each of the 
landward pinch-out s of the delt a- front sandstones of 
th e Ferro n Sands tone Member in the Emery coa lfield . 
The coal bodies ex tend a bout 10 km la nd ward from the 
viciniti es o f th e pinch-o ut s. T hi s is a lso true fo r th e 
min o r ma rine sandstone unit assoc ia ted with th e J coa l 
bed. T hi s relation was used to co nstruct the simpl e 
model show n in Figure 20. T he mod el has predictive 
val uc in coa l e.xp lo rat io n: lalldward pin ch-o ut s o f th e 
major delt a- fr ont sandslO nes within a delta ic co mpiex 
ca n be loca ted a nd th eir trends estab lished ; the prob
a bili ty is high th a t bod ies of thicker coa l will occur 
within belts tha t para ll el these pin ch-out s , each belt be-
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FIG. IS-Isopach map of J coal bed of Emery coalfield. In 
this and following figures: isopach lines are at I-m intervals; 
north is toward top of figure, areas of thicker coal are in
dicated by swamp pattern, and landward pinch-out of 
associated marine sandstone or delta-front sandstone is in
dicated by northwest-trending line, which is solid in vicinity of 
outcrop. (Refer to Figure 1 for locations of pinch-outs.) 
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FIG. 17- lsopach map of G coal bed of Emery coa!field. 
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FIG. I6-Isopach map of I coal bed, the most economically 
important coal bed of Emery coalfield. 
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FIG. IS - Isopach map of C coal hed of Emery coalfield . 
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ing about 10 kill in width and extending landward from 
its associated pinch-out. 

Wh y does thi s relation between coal thickness and 
location of pinch-out s exist? The reasons are not entire
ly cl ea r, though two contributing factors may be (I) the 
fact that the delta-front sandstones show evidence of 
stratigraphic rise during progradation, and (2) the ef
fects of early compaction of fine-grained and organic
rich sediments. 

Stratigraphic Rise 

Unit s consisting of the combined prodelta and delta
front facies of the Ferron Sandstone Member thicken 
seaward from their landward pinch-outs by progressive 
addition of strata at the bottom of each unit (Fig . 12). 
On outcrops, this is most eas ily discerned as seaward 
thickening of the prodelta facies. The rate of thickening 
exceeds that which would be expected had the deltas 
simply prograded, at constant relative sea level , across 
the gently seaward-dipping to horizontal surfaces 
developed during the preceding transgressions . The up
permost parts of the delta-front sandstones commonly 
interfinger, on a small scale, with strata of the delta 
plain facies (Fig. 6). The seaward thickening of the com-

limit of mapping 
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bined prodelt a and delta-fron t units and their inter
fingering with delta-plain depos it s indica te that relative 
sea level, or "base level," rose during the period of time 
represent ed by the progradational phase of each of the 
deltaic cycles . This ri se of relative sea level, expressed as 
sea ward stratigraphic ri se of faci es contacts within the 
progradational sequences, renects continuous sub
sidence within the basi n of deposition, local subsidence 
produced by loading and compaction of underlying 
sediments, or both . 

Deposits of the delta plain accumulate at or near sea 
level. Unlike the delta-front strata, which record lateral 
accretion of sediment on the seaward-dipping delta 
front (Weimer, 1970), delta-plain deposits record prin
cipally vertical accumulation of sediment (splays and ac
tive channel fill s being exceptions). 

Because of these facts, the upper delta-plain facies 
thins seaward within a depositional cycle (Fig. 21a). The 
thickest delta-plain deposi ts tend to be associated with 
the landward pinch-outs of the delta-front sandstones . 
These were the areas where delta-plain sediments were 
initially deposited during the first stages of prograda
tion and also the areas where vertical accumulation of 
these sediments could occur for the longest periods of 
time. The thicker coal bodies of the major coal beds of 
the Ferron occur primarily within the delta-plain facies. 
The same argument may be applied to them-the 
greatest thicknesses of peat (and therefore coal) would 
be expected in the areas just landward of the pinch-outs. 
However, delta-plain deposits in these areas are prone 
to erosion by meandering channels of the seaward ad
vancing alluvial plain facies. Conversely, erosion of 
delta-plain deposits from the more distal parts of a delta 
system during the succeeding delta-destructive phase ac
centuates the seaward thinning of the delta-plain facies. 

Compaction of Sediments 

All sediments undergo compaction du ring their trans-

.I 
i . 

, 

,:L 
.-_.'1.....;.._0' . ... 

FIG. 19- 1sopach mup of A coal bed . the most widespread 
coal bed of Emery roalrie ld. 

FIG. 20-Silllple predit'IiH model showing relation between 
coal thickness and lora(ion of pinch-out of dclta -front sand
stone. 
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8. 

EXPLANA TlON : 

~ DELTA FRONT (SAND) 

fi£ti PRODELTA (SILT, CLAY) 

SEA LEVEL 

SEA LEVEL 

r .-:/ DELTA PLAIN (PEAT, CLAY, SILT) 

1m COMPACTED DELTA PLAIN DEPOSITS 

FIG. 21-Diagram showing effects of (a) stratigraphic rise during progradation, and (b) early compaction of fine-grained and 
organic-rich sediments. 

formation to sedimentary rocks (Weller, 1959). The 
compaction begins early in the history of burial (Cony
beare, 1967). Of the sediments present in a deltaic 
system like that represented by the Ferron, well-sorted 
sands and peat represent the minimum and maximum 
extremes in terms of compactibility. The sand-to
sandstone transformation involves little or no compac
tion; the peat-to-coal transformation involves a com
paction ratio of about 10: I (Ryer and Langer, 1980). 
Delta-plain deposits contain large amounts of peat, plus 
organic-rich clays and silts that are also susceptible to 
compaction. 

The landward pinch -out s of the delt a-front sand
stones most common ly overlie, wi th erosional contacts, 
delt a-plain strata o f th e preceding delta cycle. This pro
vides a noth er mec hani sm th at ca n accentuate the thick
ening o f de lt a-pla in deposits in th e vicin ities of the 
pin ch-o ut s (Fig. 21 b) . Depos it s o f two cycles are shown. 
The landwa rd [)in ch-o ut o f th e second cycle occurs 
lVithin delt a-[)I a in de [)osit s of the fir st cycle. If, dur ing 
the period 0 1 tim e represented by th e seco nd cycle, th e 
fine -grained and orga ni c-rich deposits of the firs t cycle 
und ergo co mpac ti on, a grea ter- th an-ex[)ected thick ness 
of de lta-plain sed iments can accumu late in the vicinity 

of the landward pinch-out of the delta-front sandstone. 
Compaction of the delta-front sandstone seaward of the 
pinch-out is negligible. 

These two mechanisms, stratigraphic rise during pro
gradation and early compaction of sediments, both 
favor the accumulation of thick bodies of peat in the 
vicinities of and just landward of the landward pinch
outs of the delta-front sandstones. The former is prob
ably the more important of the two mechanisms. 

EFFECTS OF CH ANNELS AN D 
A MOR E REFINED MOD EL 

The predictive model shown in Figure 20 is too sim
ple; it does not provide for th e elonga tion of the thicker 
coal bodies , as obse rved in Figures 15, 16, 18, and 19, 
para llel with depositional dip. 

The C coal bed , because it is very well ex posed on the 
outc rops and beca use it co nt ains distincti ve beds of 
alt ered volcanic as h th at can be co rrelat ed over the 
lateral ex tent of the bed, is pro bab ly th e best un derstood 
of t he coal beds in t he Emery coal fi eld. The depositi onal 
histo ry o f the C coal bed is described elsew here (Ryer et 
aI, 1980) and will on ly be summarized here. 

L 
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The C coa l bed (Fig. 18) illustrates the shortcomings 
of the simple model. As predicted by the model. an area 
of thicker coal is associated with. and genera ll y 
parallels. the landward pinch-out of the No.4 delta
front sandstone. but that area can be divided into two 
bodies of thicker coa l. The shape of the so uth eas tern 
most body is controlled by channel systems that were 
partly contemporaneous with accumulation of the peal. 

The depositional history of the C coal bed is shown in 
Figure 22. Two nuvial channel systems are shown 
feeding sed iment to the delt a front of the No.3 delta 
(Fig . 22a-c). The southeasternmost (closer) channel 
sys tem can be examined on th e outcrops; the other is 
known only from subsurface data. Outcrops of the 
so utheastern most channel system display one or. more 
commonly, a se ries of stacked point bar sequences, in
dicating that these strata accumulated within the 
alluvial-plain facies, where the channels were highly 
sinuous and meandering. Because the two channel 
systems are separated by a distance of only a few 
kilometers, it is highly unlikely that they represent two 
different, contemporaneous rivers. It is believed, in
stead, that a single river repeatedly occupied th ese two 
sys tems, switching from one to the other. and probably 
to additional systems spaced along the depositional 
strike, by avulsion. Peat that would eventually produce 
the southeasternmost thicker coal body of the C coal 
bed accumulated in the area between the two channel 
systems. Peat, unlike sands and silts deposited by a 
meandering channel. is a fibrous, cohesive material that 
resists erosion. Once a bed of peat has accumulated, it is 
unlikely that a new channel system can be developed 
across it by river avulsion. Thus the placement of the 
channels controls the location of initial peat accumula
tion, and the peat then keeps the courses of the channel 
systems fixed. Channel systems that postdate peat ac
cumulation can and do erode peat beds; they produce 
the sand rolls or cutouts that cause localized erosional 
thinning of coal beds, and which often create problems 
in mine planning and development . It is the channels 
that exist contemporaneously with peat accumulation, 
however, that exert the greatest innuence upon the con
figurations of coal beds. Because the positions of chan
nel systems along the depositional strike in an area like 
the Emery coalfield must, with few exceptions, be deter
mined by drilling, only their general effects can be con
sidered in the predictive model. 

The predictive model, then, must be made to incor
porate two elements : a predictable element -the loca
tion of areas of thicker coa l relative to the landward 
pinch-outs of the delta-front sandstones; and, superim
posed . a bas ica lly unpredictable element - the effects of 
channel system s, which isolate thick er bodies of coa l. 
These two element s are shown in Figure 23 . Figure 23b 
represent s a more refin ed predicti ve model for delt a ic 
coa ls o f th e Ferron Sa ndstone Member. 

A PPLI CATI O N OF MODEl. TO OTHEH A REAS 

The pred icti ve model presentcd hcre and modifica
tio ns of it sho uld prove to be genera ll y app licable to 

F IG . 22 - Dc positi o nnl hi s tor~ of C co al hcd. View is toward 
wcs t. A reas of mos t rapid pcat acr ll m lil a ti on arc indi ca tcd by 
"sl'ruh " patlern . Prograd a tio n of :\ 0. J deltaic system and ac
c llIll ul atiol1 of peat (a-d in area hc tween cha nn cl systcms; (d) 

~lhandollm cnt of :'01 0. J del ta ic s)sfcm a nd hcginn ing o f de lt a
dcstruc fin' phase; (e-f) prograda ti on of No . 4 deltaic system. 
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coal-bearing strata deposited along the western margin 
of the Interior Cretaceous seaway in North America and 
perhaps to similar rocks of other ages and in other 
areas. 

Ihe a reas of thicker coal associated with landward 
pinch-out s into di stinct coa l bodies should be less pro
nounced or absent, and the simple model shown in 
Figures 20 and 23a should apply. An area that appears 
to conform to the simple model is the Kaiparowit s 
coalfield of south-central Utah (Peterson, 1969; 
Vaninetti, 1979). Another poss ible example may be seen 
in the distribution of coals in the Rock Springs Forma
lion in the Rock Springs coalfield of southwestern 
Wyoming (Roehler, 1978a, b). 

The Ferron Sandstone Member in the vicinity of the 
Emery coalfield records stacking of the deposit s of a 
lobate, river-dominated deltaic system under conditions 
of nea r bal ance between the rate of change of sea level 
and the rates of regional subsidence and sedim ent input 
(Ryer, 1981c) . Speculations on modifications that might 
make the predictive model appl icable to areas character
ized by other sets of conditions follow. Regressive Phase Deposits 

Wave-Dominated Deposits 

Most Cretaceous coal-bearing strata in the Western 
Interior represent wave-domin a ted paleoenviron
ment s-wa ve-dominated deltas and strand-plain sys
tems. The deposits of these paleoenvironments generally 
contain fewer channel systems than do the deposits of 
river-dominated deltas . This is particularly true of 
strand-plain deposits. In these deposits, segmentation of 

Shoreline deposits of the regress ive phases of the ma
jor Cretaceous transgress ive-regress ive cycles of the 
Western Interior (Kauffman, 1977), as exemplified by 
the Mesaverde Group in Utah (Fig . 4), locally display 
stacking of delta-front or shoreface unit s (Fassett and 
Hinds, 1971, p . II) but are generally characterized by 
seaward shingling of units. As a result, individual pro
gradational units generally have a much greater extent 
parallel with the depositional dip than do the delta-front 
sandstones of the Ferron. Coal beds are associated with 
the landward pinch-outs but also overlie the platforms 
provided by the prograded delta-front or shoreface 
sandstones . This pattern is exhibited by deposits of the 
No.2 delta of the Ferron Sandstone Member. It has also 
been documented in the Wasatch Plateau and Book 
Cliffs coalfields, both in central Utah, by Marley et al 
(1979) and by Balsley (1980), respectively, and in the 
Rock Springs coal field by Levey (1981) . The model 
described here, though applicable to deposits of this 
type, cannot be used to predict the occurrences or loca
lions of additional coal bodies that may overlie these 
shoreline sandstones . The occurrence of coal bodies in 
this stratigraphic position are expected in association 
with shoreline deposits that have prograded seaward a 
distance of 20 km or more. 

a. 
LANOWARD S E AW ARD 

b. 
LANDWARD SE AWARD 

nc . 2J - l'redieti H' model for h'rron Sandstone Member: (a) 
simpil' modl" as in Figure 20; (b) eHeels of flu vial dlannels; 
re prl'senh mo re refinl'd JllOdel for Ferron . 

Transgressive Phase Deposits 

Strata deposited on the transgressive phases of the 
major transgressive-regressive cycles, as exemplified by 
the Dakota Sandstone in central and eastern Utah and 
western Colorado (Fig . 4), generally do not contain 
thick beds of coal, though there are except ions: Almond 
Formation, Rock Springs coalfield, southwestern 
Wyoming (Roehler, 1976); Dry Hollow Member (Hale , 
1960) of th e Frontier Formation, Hams Fork coalfield, 
so uthwestern Wyoming (Veatch , 1907; Myers, 1977); 
Coa lvi ll e Member (Hale , 1960) of the Front ier Fo rma
ti on, Coalville coa lfield, nort h-central Utah (Doelling 
and Graham , 1972; Rye r, 1976); and th e upper pa rt of 
the Fronti er Form atio n , Tabby Mountain coa lfield, 
nort heas tern Utah (Doelling and Graham, 1972). Wh en 
coal does occ ur, it is usua ll y associat ed with min or 
episodes of progradation, li ke that represent ed by the J 
coal bed o f the Emery coalfield and it s associa ted 
marine sandstone. Such occurrences of coa l bodies 
should conform to the prediction s of the model. Coal 
beds in this stratigraphic position , th ough, were su bject 
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to erosion by landward advancing shorefaces during 
succeeding periods of transgression and, because they 
are common ly overlain by marine roof rocks, 'tend to be 
high in sui fur (Horne et a i, 1978). 

__ 1976, The role of delt as in the evolution of the Ferron Sand
stone and its coals: Brigham Young Univ. Studies, v. 22, pI. 3, p . 
15-41. 

Davis, L. J., 1954, Stratigraphy of the Ferron Sandstone: Intermtn . 
Assoc. Petroleum Geologi sts. Fifth Ann. Field Conf. Guidebook, 
p. 55-58. 

CONCLUSIONS 

Depositional models have proven valuable in coal 
mine planning and development; they can also be 
valuable in coal exploration. In the Emery coalfield of 
central Utah, the thicker parts of the major coal beds 
are associated with the landward pinch-outs of the 
delta-front sandstones of the Ferron Sandstone Mem
ber, extending about 10 km landward from the vicinities 
of the pinch-outs (Figs . 15-19). This relation forms the 
basis of a predictive model (Figs. 20,23) that may, with 
some modifications, be used in designing drilling pro
grams to evaluate Cretaceous coal-bearing strata of the 
Western Interior. A coal exploration program utilizing 
the model should include the following: (I) analysis of 
outcrops and available subsurface data to reconstruct 
the basic stratigraphic framework of the coal-bearing 
unit; (2) delineation of the landward pinch-outs of the 
major delta-front or shoreface sandstone units and 
establishment of the trends of the pinch-outs; (3) 
delineation of lO-km-wide belts located just landward 
of and paralleling the trends of the pinch-outs, these 
belts being the areas most likely to contain thicker 
bodies of coal; (4) designing of drilling and coring pro
grams to evaluate the pelts. In river-dominated deltaic 
systems, the trends of thicker coal bodies within the 
belts may parallel the direction of depositional dip; in 
wave-dominated deltaic and strand-plain systems, the 
bodies are more likely to parallel depositional strike. In 
shoreline deposits that have prograded seaward a 
distance of 20 km or more, the possibility that addi
tional bodies of coal will occur overlying the platforms 
formed by the shoreline deposits must be considered. 

A coal exploration program employing these 
guidelines should be more cost-effective than one 
employing a hit-or-miss approach. 
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