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The Role of Deltas in the Evolution of the Ferron Sandstone
and Its Coals, Castle Valley, Utah

Epwarp COTTER

Depariment of Geology and Geography
Bucknell University, Lewisburg, Pennsylvania 17837

aBsTRACT.—The Ferron Sandstone Member of the Mancos Shale (Upper Cretaceous) in
the Castle Valley of east-central Utah evolved through the development of two separate
deltaic depositional systems. The Last Chance Delta prograded northeastward into what
is now southern Castle Valley as a clastic wedge of coal-bearing deltaic and fluvial sedi-
ments. In the northern part of the valley the Ferron comprises thin, sheetlike, nearshore
and offshore sandstone units which were derived from the Vernal Delta that is centered
in northeastern Utah.

The Last Chance Delta contains recoverable reserves of over 400 million tons (363
million metric tons) of high volatile C bituminous coal that has low sulfur and medium
ash content (Doelling, 1972). Two coal beds in the lower part of the formation are the
most extensive laterally and contain the most significant recoverable reserves; they were
deposited in delta plain marshes and/or swamps. Higher in the sequence are generally
thinner and more areally restricted alluvial plain coals; locally thick zones of such coals -
contain the only two mines currently active in the Fetron Sandstone.

There are no coals in the thin sandstone units exposed in northern Castle Valley,
but there are significant quantities of coal of probable delta plain and alluvial plain
origin in subsurface Vernal Delta deposits less than ten miles (16 km) west and north
of the northern Castle Valley outcrops.

INTRODUCTION

In Late Cretaceous time in what is now eastern Utah, the western mar-
gin of a broad epeiric sea migrated back and forth as a series of pulses of
dastic debris was shed eastward from the spasmodically uplifted Sevier oro-
genic belt. Commonly these migrations are referred to and illustrated in terms
of littoral zone or barrier beach translation to the east, followed as it goes by
the coastal lagoon environment in which the organic matter, that becomes
coal, accumulates. In many cases the return westward migration is presented
in barrier beach translation terms resulting in a symmetrical depositional cycle.

This conceptual scenario undoubtedly fits the basic pattern of develop-
men of many Cretaceous clastic wedges of the United States Western Interior,
but it does not fit the Ferron Sandstone.

The Ferron Sandstone Member of Mancos Shale was formed in Middle
Carlile (Turonian) time, as the earliest of the Late Cretaceous regressions
moved through east-central Utah (Figure 1). Exposures of the Ferron Sand-
stone in Castle Valley (Figures 2, 3, 4) and information from the subsurface
Ferron west of the outcrop belt show that this unit evolved through the de-
velopment and progradation of two deltaic depositional systems, the Last
Chance Delta to the south and the Vernal Delta to the north. On the subse-
quent marine transgressive part of the cycle there were essentially no coastal
zone deposits, and thus the cycle is asymmetrical.

This paper is a general review of the salient features of these two deltas
as they are demonstrated in the Ferron Sandstone; it also attempts to show the
nature of the coal in the Ferron and the fundamental role of the deltas in the
accumulation of that coal.
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FIGURE 1.—Restored diagrammatic cross section of Upper Cretaceous rocks of eastern Utah.

GENERAL PATTERN OF EVOLUTION

It has been known for some time that the Ferron Sandstone exposed in
Castle Valley comprises two separate depositional systems (Katich, 1954; Davis,
1954). In the northern past of the valley the Ferron consists of several thin
‘sheetlike sandstone units that were derived from a soiirce to the west and north,
a source that has become identified as the Vernal Delta (Hale and Van De
Graaff, 1964; Cotter, 1975b). Although deposits of the Vernal Delta itself
do not crop out in Castle Valley, its coal-bearing sandstones do occur in
the subsurface less than ten miles west and north of the outcrop (Gray, Patal-
ski, Schapiro, 1966; Doelling, 1972; Hale, 1972).

To the south in Castle Valley the Ferron Sandstone is a southward-
thickening wedge of deltaic and fluvial sediments known as the Last Chance
Delta (Hale, 1972). Katich (1953) was the first to demonstrate that this
southern depositional system was derived from a source area to the. southwest,
4 situation that was discussed and diagrammed paleogeographically by Hale and
Van De Graaff (1964) and Hale (1972).

. Detailed correlation of the exposed Ferron Sandstone demonstrates that in
Castle Valley the two depositional systems are not contemporaneous. The thin-
ner northern sandstone units, defived from the Vernal Delta, ase stratigraphical-
ly beneath, and therefore, older than deposits of the Last Chance Delta (Davis,
1954; Katich, 1954; Cotter, 1975b) (Figure 5).

Thus, the evolution of the Castle Valley Ferron Sandstone involves .the
development of two deltaic depositional systems. The northerly Vernal Delta
did not prograde quite as far as the Ferron outcrop; but it did provide the
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sediment for the thin northern units. And slightly later, the Last Chance
Delta built a wedge of clastic debris up into Castle Valley from the south

(Figure 6).
1

SALT LAKE

CASTLE
VALLEY

FiGURE 2.— The state of Utah, showing the location of Castle Valley between the San
Rafzel Swell (SRS) and the Wasatch Mountains on the west and the Book Cliffs
on the north and northeast.
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FIGURE 3.;Gcneralized sketch map of the area of Castle Valley, depicting the gentle’
cuesta formed by the Ferron Sandstone as it dips away from the San Rafael Swell.

DEPOSITIONAL ENVIRONMENTS
Units in Northern Castle Valley

The thin sheetlike sandstone units in the northern part of Castle Valley
are readily interpretable in the context of sedimentation along a relatively low-
energy coastal zone, such as the modern Sapelo Island coast of Georgia. Physi--
cal conditions in such an environment are normally of relatively low intensity,
and the dominant process s biogenic reworking of the sediment by burrowing
organisms (Howard and Reineck, 1972). Sediment distribution takes place
primarily during periods of storm activity, when nearshore sediment is thrown
into suspension and moved farther offshore, and traction cusrent processes are
accelerated in tidal inlets and on offshore bars. Thus, the deposits of such an
environment record an interplay between fair-weather and storm conditions

(Cotter, 1974).
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FIGURE 4.—Map of the Ferron Sandstone outcrop in Castle Valley.

Details of the characteristics and interpretations of the northern Ferron
units are presented elsewhere (Cotter, 1975b); a brief summary is included
as Table 1.

The lobate tongue of clastic sediments making up the Vernal Delta sticks
out almost due eastward in the northeastern corner of Utah (Hale and Van
De Graaff,- 1964, fig. 5). A moderately complex pattern of development of
this delta in the vicinity of Vernal, Utah has been worked out by Maione
(1971). Through the evolution of various deltaic and marine transgressive
phases the coastline in the Vernal area, about 90 miles (145 km) northeast of
northern Castle Valley, was oriented generally northeast-southwest (cf. Maione,
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FIGURE 5.-—Cross section of the Ferron Sandstone along the outcrop belt from the south-
west (left) to the north and then back to the southeast (right). See fig. 4 for lo-
cations of measured sections. Illustrates the two depositional systems: Last Chance
Delta as the clastic wedge on the left (SW) and the thin units derived from the
Vernal Delta in the center and on the right (N and SE).

1971, pl. V). If the barrier island facies interpreted by Maione is indeed
contemporaneous with active deltation, it implies that a fair amount of wave
modification accompanied progradation. Thus, it is possible that the Vernal
Delta would be classed a high-destructive, wave-dominated delta system by
Fisher and others (1969), but in view of the extensive eastward projection of
the prograded delta, it might be more likely that it is a high-constructive, lobate
delta system. In either case, downcoast interdeltaic strandplain or barrier island
systems ate likely to be derived from such a delta system under the influence
of wave-generated longshore or strike transport (Fisher and others, 1969;
LeBlanc, 1972). .

Grain size of Vernal Delta sediment ranges up to very coarse (Maione,
1971, p. 44), and the dominant direction of longshore transport has been in-
terpreted, somewhat tenuously, to have been to the southwest (Maione, 1971,
p. 51), thus setting the stage for explaining the source of all the thin, northern
Castle Valley Ferron units. However, there still remains the question: Where
is the Vernal Delta closer to the Castle Valley?

There have been numerous reports of thick, coal-bearing sediment in the
Ferron Sandstone a short distance west and north of the Castle Valley outcrops
from Huntington to Price (Katich, 1954; Kuehnert, 1954; Gray and others,
1966; Hale, 1972; Doelling, 1972). And yet the exposed Ferron less than 10
miles (16 km) to the east has no coal in the thin nearshore and offshore sand-
stone units. There is also a problem in that exact correlation of the exposed
units with the subsurface units has not been established.

The cross sections of Hale (1972, fig. 5, 6, 7) are very instructive with
respect to the origin of this subsurface Ferron Sandstone, especially in light
of the deltaic interpretation of equivalent rocks to the northeast by Maione
(1971). At the base of the progradational sequence is an essentially con-
tinuous sheet of delta front sandstone. This is overlain by a coal-bearing delta
plain facies that also has some distributary channel sandstones. Higher in the
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FIGURE 6.—Generalized areas of development of the Vernal Delta and the Last Chance
Delta; based in part on the map of Hale and Van De Graaff (1964). )

sequence is the fluvial facies with laterally discontinuous fluvial channel sand.
stonies in a finer alluvial plain mudstone.

As the exact relationship between the thin, northern valley sandstone
units and the proximate subsurface Vernal Delta is only ambiguously estab-
lished, in both physical and interpretative senses, there is a possible argument
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that the thin units might better be placed in a setting more clearly emphasiz-
ing the genetic relationship with the delta system, such as the prodelta or delta
platform setting of units interpreted elsewhere by Hubert and others (1972).
However, the depositional processes demonstrated by rocks of the thin northern
units do not reflect significant deltaic influence but more closely indicate
coastal, interdeltaic agencies. For example, the exposed, relatively well-sorted
laminated sandstones do not contain noticeable plant matter, and the only chan-
nel-like feature exposed is clearly a tidal inlet rather than a distributary chan-
nel. Thus, it appears more likely that the thin units were derived from the
northeast, from another part of the Vernal Delta, rather than from that proxi-
mate part of the delta to the west. It is possible that there is a distinct age dif-
ference between the exposed and the proximate subsurface units, unlike the
situation diagrammed by Hale (1972, fig. 5, 6).’

A hypothetical paleogeographic view of the relationship between the
Vernal Delta and the thin northern Castle Valley sandstone units is sketched
in Figure 7. :

Southern Castle Valley—the Last Chance Delta

A second deltaic system was responsible for deposition of the Ferron
Sandstone in another part of Castle Valley (Figures 5 and 6). From a south-
westerly source, the Last Chance Delta prograded into the region of the south-
ern Castle Valley to form a northeastwardly thinning wedge of clastic debris.
From a thickness of nearly 800 feet (244 m) at its southernmost exposure,
this wedge thins to essentially nothing near the village of Clawson, a distance
along the outcrop of some 45 miles (72 km). In this distance the average
grain size of the sandstone drops from coarse to fine.

At the distal part of the clastic wedge the deposits of the Last Chance
Delta overlie the thin northern sandstone units, with more than one hundred
feet (30 m) of mudstone between (Figure 5). Because of this the Last
Chance Delta is considered not to be contemporaneous with the deposition of
the northern units and thus probably not contemporaneous with the Vernal
Delta.

Details of the characteristics of the Last Chance Delta and its composite
facies are also presented in another publication (Cotter, 1975a) and only a
summary of the more significant diagnostic features is set forth in Table 2.

The Last Chance Delta was a high-constructive lobate deltaic depositional
system (Fisher and others, 1969) that was made up of numerous coalescing
and overlapping subdelta lobes, each of which had an essentially continuous
fringe of sand in the delta front environment. As it prograded into about 40
feet (12 m) of water in the Late Cretaceous Mancos Sea it developed a broad
distribution of sequentially seaward-displaced facies (Figure 8). The delta
prograded in a generally northward or northeastward direction into the region
of the Castle Valley, but it very likely also had an easterly component of
growth, causing the deposition of some deltaic sediment in the Henry Moun-
tains region to the southeast of Castle Valley.

The Last Chance Delta as an entire complex was, then, 2 broad fan in
overall outline, smaller parts of which were the subdelta lobes mentioned
above. As individual lobes were no longer provided with sediment because of
upstream avulsion they subsided beneath the sea, recording the sea’s encroach-
ment in the form of thin transgressive sandstones capping delta plain deposits
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FIGURE 7.—Diagrammatic portrayal of possible manner of development of the thin
northern Castle Valley units that were derived from part of the Vernal Delta. Also
depicted is another lobe of the Vernal Delta as it might occur in the subsurface
west of the Ferron outcrop. Towns indicated are Emery (E), Ferron (F), Castle
Dale (C), Huntington (H), and Price (P).
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FiGURE 8—Facies profile of the Last Chance Delta in southern Castle Valley approxi-
mately along the outcrop belt from the southwest (left) to the northeast (right).

(Figure 9). In many places subsequent lobes built over earlier foundered ones,
producing multicyclic delta sequences.

Some subdelta lobes had a character somewhat different from the typical
lobes with very gentle delta front inclinations. Certain lobes that prograded
to the west or northwest developed steep delta front inclinations, in the mannet
of a Gilbert-type delta. One can only speculate that such steep delta front
foreset beds were caused by an approximate equality of density between the
inflowing river water and the water of the receiving basin (homopycnal flow).
The westerly component of such steeply inclined sequences suggests that there
might have been a westerly embayment of reduced salinity involved in this
situation.

As the Last Chance Delta evolved, successively later deltaic advances did
not prograde as far as earlier, until the delta complex was covered by the
Mancos Sea (Figure 8).

The river system that fed the delta left its record in the fluvial facies that
forms the upper part of the Ferron Sandstone in this southerly clastic wedge.
The characteristics of this river system can be estimated by detailed analysis
of the fluvial deposits. In an earlier report (Cotter, 1971), estimates were
presented of the paleoflow characteristics of the ancestral Ferron River, which
should probably now be called the Last Chance River. These estimates are
summarized in Table 3.

COAL IN THE FERRON SANDSTONE
Discovery and Evaluation
The first documented record of coal in the Ferron Sandstone came sur-
prisingly early in the last century. It was October, 1853, when Capt. J. W.
Gunnison of the Corps of Topographic Engineers and his party discovered
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FIGURE 9.—Diagrammatic portrayal of two of the many lobes involved in the evolution
of the Last Chance Delta; these two are at approximately the most northeasterly ad-
vance of the deltaic facies.
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Ferron coal in outcrops east of Emery (Lupton, 1916, p. 9). This discovery
doubtless had nothing to do with the fact that Gunnison and several others
were killed by Indians in the Sevier Valley a few days later.

Two other surveys, those of Hoxie in 1873 and Taff in 1905, also ex-
amined Ferron coal in southern Castle Valley (Lupton, 1916, p. 9, 10) before
Charles T. Lupton was assigned to conduct a detailed study of the geology
and coal reserves of Castle Valley, in order “to determine the quality and
quantity of the coal” (Lupton, 1916, p. 8). Lupton did this in 1911 and
1912, and in 1916 he produced a report of impressive quality, despite having
worked under difficult circumstances, such as the need to map in topography
by triangulation.

Very recently, the Utah Geological and Mineralogical Survey built upon
the solid foundation of Lupton’s work when it reevaluated the coal resources
of the Emery Coal Field, which comprises the coal-bearing part of the Ferron
Sandstone (Doelling, 1972).

Coal in the Ferron in northern Castle Valley was encountered in the sub-
surface west and north of the outcrop belt (Katich, 1954; Gray and others,
1966; Kuehnert, 1954; Hale, 1972), but there has not yet been any published
evaluation of its quantity and quality. It is in the southern Castle Valley, in
deposits of the Last Chance Delta, that coal production has occurred and where
significant reserves promise increased production in the future.

Production
. Beginning with the opening of the Browning mine in 1881 (Lupton,
1916, p. 84) coal production from the Ferron Sandstone was irregular until
1930 and modest from then until relatively recently. Total production through
1970 has been about 1,640,000 tons (1,489,000 metric tons) (Doelling, 1972,
p- 433).

Presently, only the two most important mines are active:

BROWNING SUN VALLEY
MINE " (DOG VALLEY) MINE
1969 PRODUCTION 36,978 tons ; 20,685 tons
(33,569 metric tons) (18,778 metric tons)
1970 PRODUCTION 115,239 tons : 23,334 tons

(104,614 metric tons) (21,183 metric tons)

Reserves

A recent reevaluation of coal reserves in the Ferron Sandstone of south-
ern Castle Valley was made by Doelling (1972). He worked on the basis of
assumptions that only beds thicker than 4 feet (1.2 m) are minable, and that
an acre-foot of coal weighs 1,742 tons (1,581 metric tons). Reserves were
calculated in the standard categories:

Class 1 Measured reserves based on adequate exploration
and development data; properly correlated; con-
trol rio more than 14 mile (0.8 km) apart.

Class II ‘ Indicated reserves based on geologic measurement
supplemented by limited drill-hole information
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and limited to 114 miles (2.4 km) from a con-
trol point.

Class III Inferred reserves based on geologic inference and
projection of the habit of the coal beyond 11/
miles (2.4 km) from control points.

Class IV Potential reserves based on geographic and geo-
logic position with little supporting data; includes
coal under as much as 3,000 feet (914 m) of cover.

Reserve estimates in these categories are reported by Doelling (1972, p.
437):

Classes I and II 757,600,000 tons (687,749,000 metric tons)
Class IIX 672,800,000 tons (610,770,000 metric tons)
Class IV 634,500,000 tons (576,000,000 metric tons)

TOTAL RESERVES  2,064,900,000 tons (1,874,500,000 metric tons)

The first three categories more closely reflect the potential of an area
or field. For the Ferron Sandstone coal in the Emery Field, these three, the
principal reserve, total 1,430,400,000 tons (1,298,500,000 metric tons). With
‘the estimate that only about 30 percent of this is recoverable and that another
small amount is eliminated by mining, this leaves a recoverable reserve for the
Emery Field of 427,500,000 tons (388,080,000 metric tons) (Doelling, 1972,
table 8, p. 554), or about 5.5 percent of the remaining recoverable reserves
in Utah (Doelling, 1972, fig. 14, p. 553).

Recall that total production through 1970 was about 1,640,000 tons
(1,488,000 metric tons) or about 0.4 of one percent of the remaining recover-
able reserves.

Quality

Ferron Sandstone coal in the Emery Field ranks as high volatile C bitu-
minus, with medium ash and low sulphur content (Doelling, 1972, table 9,
p. 555). Table 4 summarizes the quality characteristics of 47 samples of coal
from the Ferron; it also includes an abstraction of about 30 of these 47.
sample analyses that come from the Acord Lakes SE (Walker Flat) quadrangle,
for these latter analyses are nearly all from the two active mines and might
minimize the problems associated with surface samples. Doelling (1972, p.
433) states that the analyses from these two mines, the Browning and Sun
Valley (Dog Valley), are probably characteristic of the field. However, such
a conclusion might be premature, for both mines are in the upper zone of the
Ferron, in the bed labeled I by Lupton (Doelling, 1972) and, in view of the
fact that certain aspects of coal quality are apparently controlled by depositional
environment, (Cheek and Donaldson, 1969; Guber, 1972) other beds from
other depositional environments should be used for corroboration.

The coal in the subsurface in the northern Castle Valley, near Price, is
reported by Gray, Patalski, and Schapiro (1966) to be of high volatile A ot
B in rank and generally “of slightly better or equivalent coking quality than
the Sunnyside seam high-volatile coal.” This is interesting in view of the fact
that in the exposed part of this Vernal Delta system, in the Frontier Forma-
tion of the Vernal Field, the coal is high volatile C bituminous and has me-
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dium sulfur (1.0-2.0%) and very high ash (greater than 12%) content (Doel-
ling, 1972, table 9, p. 555).
Distribution

Stratigraphic—Lupton (1916) reported that the Ferron Sandstone contains
14 coal beds, which he designated by the letters A through L, Ma, and M, in
order from the lower to the upper part of the formation. Usuaily not all
beds are present in vertical sequence at a given locality, and in some places
there is an extra coal bed for which there is no letter designation.

In his recent updating of Lupton’s work, Doelling (1972) organized the
letter-designated beds into three zones: lower, middle, and upper. The lower
coal zone, which is about 75 feet (23 m) thick, lies above a thick barren sand-
stone at the base of the Ferron and contains coal beds A through E. The coals
of this zone are among the thickest and most widespread in the Emery Field.
Above this, the middle coal zone is from 75 to 150 feet (23 to 46 m) thick.
Doelling reports (1972, p. 424) that it is usually barren, but it contains coal
beds F and G when they are present. The upper coal zone is from 75 to 125
feet (23 to 38 m) thick and contains coal beds H through L. In many places
these beds are thin and noncommercial, but in certain places local thickening
has developed important reserves. For example, bed I'is the producing bed
at both the Sun Valley (Dog Valley) and the Browning mines. At the latter
location it is 20 feet (6 m) thick (Doelling, 1972, p. 450).

A diagram from Doelling (1972, fig. 25, p. 472) shows the relation-
ships among the .coal beds and the coal zones in the vicinity of Willow Springs
Wash (Figure 10).

Geographic—On a broad scale the coals of the Last Chance Delta of the Fer-
ron Sandstone in southern Castle Valley are generally correlative with Straight
Cliffs Formation coals of the Kaiparowits Plateau to the south and with the
Ferron coals in the Henry Mountains region to the east (Doelling, 1972, p.
430). And the subsurface Ferron coal in northern Castle Valley is correlative
with the exposed Vernal Delta coal in the Frontier Formation near Vernal,
Utah (Figure 11).

As a result of the detailed work of Lupton (1916) and Doelling (1972),
in which individual coal beds of the Last Chance Delta were labeled, measured,
and correlated, maps have been prepared by Doelling (1972, fig. 13, 14, 15)
showing the approximate areal distribution of a number of these coal beds.
These maps indicate areas where the identified coals are greater than 4 feet (1.2
m) thick. Although this is not the same as the total areal distribution of the
coal beds, it does serve as a valuable measure of the breadth of distribution..

In Doelling’s (1972) lower coal zone, coal beds A and C are very wide-
spread, the most widespread of all the Ferron coals (Figure 12). Bed A has
been correlated over a distance of some 20 miles (32 km). There is a sug-
gestion of north-south elongation of the area of distribution, but this is com-
plicated by lack of control on the west and, to some extent, on the east. The
younger bed C is “shingled” up on and north of (seaward of) bed A, in keep-
ing with the progradational evolution of the Last Chance Delta to the north.
As will be considered in the next section, these two widespread beds originated
as delta plain coals.

Less widespread are the coal beds above bed C, in the middle and upper
zones of Doelling (1972, figure 12). There are only 5 coal beds of the 8
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Blue Gate Shale

Middle Coa/ Zone

]

Lower Coal Zone

|
!

Tununk Shale

Reproduced from Doelling, H.H., 1972, Utah Geol, and Hin. Surv. Mon. 3, p. 472, £ig, 25.

FiGURe 10.—The Last Chance Delta coal beds of Lupton (1916), organized into three
zones by Doelling (1972, fig. 25); in the vicinity of Willow Springs Wash (near
mea§ured section A on, Figures 4 and 5).
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FIGURE 11.—Stratigraphic correlation diagrams showing the relationships of the Ferron
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Kaiparowits Plateau through Castle Valley to the northern Wasatch Plateau. B. Sec-
tion about west to east from the central Wasatch Plateau to the Henry Mountains.
Taken from Doelling (1972, figs. 8 and 9).
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in the middle and upper zones that have enough coal thicker than 4 feet
(1.2 m) to warrant such mapping. And of these 5, only coal bed I has a dis-
tribution that approaches that of the lower zone beds A and C. Bed I is the one
that contains the two currently active mines. Doelling’s maps clearly show a
preferred north-south orientation of the zones of thicker coal, a fact that is
certain to guide future production. The origin of these upper coals in alluvial
plains, as discussed in the next section, with a generally northward paleoslope
can explain the depositional control of this north-south orientation as 2 matter
of erosion of the alluvial plain organic matter by meandering fluvial channels.
A situation similar to this was presented by Howard (1969).

The coal in the Ferron Sandstone in the subsurface west and north of the
northern Castle Valley outcrop belt is also widespread, but it is not possible to
present sufficient information about detailed correlation and zonation. Coal
has been reported from the areas near Price (Katich, 1954; Gray and others,
1966; Doelling, 1972), near Huntington (Kuehnert, 1954), and under the
Wasatch Plateau to the west (Edson and others, 1954). Some idea of the wide-
spread occurrence of coal in this depositional system can be gained from cross
sections compiled by Hale (1972).

Gray, Patalski, and Schapiro (1966) found numerous coal beds in the
Vernal Delta system in cores taken probably just southwest of Price (Doelling,
1972, p. 442). They felt they could distinguish three zones of coal beds, and
stated that “the thickness of the zones and the distance between zones were
extremely variable from one hole to another.”” Hale (1972, fig. 5, 6, 7) also
shows a number of coal zones in many wells, a lateral correlation of some of
these zones from wells, and 2 tendency toward the overstepping or shingling
of younger coal zones seaward over older zones.

Origin

There has long been a general understanding that the coal in the Ferron
Sandstone formed in association with a prograding shoreline, but there is a
certain lack of unanimity of opinion about the nature of that shoreline. A
deltaic origin of the clastic wedge in southern Castle Valley has been clearly
proposed since at least 1964 (Hale and Van De Graaff), and in 1972, Hale
rather formally proposed that it be called the Last Chance Delta. Another view
of the nature of the shoreline is reflected in this quotation from Doelling
(1972, p. 430):

To the west orogenic pulsations had begun to elevate the land. One
of these pulses shed a significant amount of clastics eastward, pushing
the shoreline back across the present-day San Rafael Swell to Green
River. Lagoons formed behind the shorelines gave rise to the coal
deposits of the Ferron Sandstone.

This emphasis on coastal lagoons is made even more specific by Cleavinger
(1974), who discussed the origin of certain Ferron coals in one local area as
being of a lagoonal origin behind barrier beaches.

Admittedly, beaches are significant components of a variety of deita styles
(Fisher and others, 1969; Coleman and Wright, 1975) and of destructive
stages in the development of many deltas, and it might be argued that such
differences in interpretation of the depositional environment might merely be
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a difference of emphasis. However, such differences of environmental inter-
pretation are probably more important than a matter of scale or emphasis, for
an exploration and production strategy (Howard, 1969) and the quality- char-
acteristics of the coals (Donaldson, 1969; Cheek and Donaldson, 1969;
Guber, 1972) are significantly related to the depositional environment.

It is not appropriate at this point to review all the details and reasoning
that led to an environmental interpretation for each subenvironment (subfacies;
unit) of the Ferron Sandstone in Castle Valley. A summary of significant
diagnostic characteristics of the Last Chance Delta and the units in northern
Castle Valley is presented earlier in this paper, and details are available else-
where (Cotter, 1971, 1975a, 1975b). However, it is appropriate to consider
here the environments in which the coal beds formed in the context of the
Last Chance and Vernal Deltas. :

The Last Chance Delta depositional system in southern Castle Valley is
the record of the complex progradation of delta lobes to the north and notth-
east, followed by the gradual encroachment of the Mancos Sea back over the
accumulated wedge of sediments (Figure 8). The asymmettical regression-
transgression couplet has the deltaic facies at the base, ovetlain by thie fluvial
facies' (Figure 8). Transgression did not leave a sedimentary record of shore-
line deposits. Complexities of Iobe switching and readvancement made the se-
quence: contain multiple progradational cycles in many places, particularly in
the distal, northern part of the depositional system. :

Coal beds in the Last Chance Delta occur in the delta plain facies in the
lower part of the formation and in the fluvial facies above. In many cases
the environmenta] interpretation seems unequivocal. An. example of such a
situation is the common occurrence of coal beds overlying the delta front
facies (steeply or gently inclined) and below thin, widespread destructive
delta margin sandstones; the coals are interbedded with bioturbated siltstones
containing brackish water mollusks and abundant large and small wood frag-
ments. Higher in the formation are coals intimately associated with unfossili-
ferous mudstones and laterally-migrated, point bar-deposited, fluvial sand-
stones. In. between, however, there are coals for which an environmental inter-
pretation is indefinite because of the inconclusive nature of the associated
finer-grained deposits, because of the absence of diagnostic companion facies,
such as destructive delta margin sandstones, and because it is not possible to
conclude whether the sandstones were deposited in fluvial or distributary
channels.

These origins, as delta plain and as alluvial plain deposits, are made mani-
fest in the stratigraphic and geographic distribution of the coals. In the pre-
ceding section on coal distribution, Doelling’s (1972) organization of the
Ferron coal beds into three zones was discussed. The widespread and generally
thicker coals of the lower coal zone are delta plain coals; the thick, barren
sandstone below them is the delta front facies. The middle zone, with thin,
laterally limited coals, was deposited in fluvial environments. It is possible
that at this time the streams were more powerful and carried more sediment
from the source area, producing a generally sandier and less coaly alluvial
plain environment. The upper zone has some thin-and laterally limited coals,
but it also has certain beds that are relatively thick and widespread, such as
coal bed I. As the supply of sediment from the source and the strength of the
rivers waned, alluvial plains could once more support the extensive swamp en-
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vironments that eventually produced the coal. The preferred north-south orien-
tation of many coal beds is a result of the erosional cut-out of the coal by
meandering channels that flowed northward down the paleoslope.

The subsurface coal in the Vernal Delta system in northern Castle Valley
is understandably more difficult to interpret because of its inaccessibility. In
outcrop and subsurface in the Vernal area, Maione (1971, p. 46, 47) found
coals that he interpreted to have been deposited in poorly drained regions
on a delta plain. My conclusions with respect to the origin of the Ferron
Sandstone in the subsurface just west and north of the Castle Valley outcrop
have been presented in an earlier section. In such a system of deltaic deposits
it is likely that in the lower part of the sequence are delta plain coals, in the
upper part of the sequence are alluvial plain coals, and at some intermediate
levels there are coals of indeterminate alluvial or deltaic plain origin. The re-
gression-transgression couplet suggests that somewhere in the central part of
the sequence there would be coals that were deposited at the greatest distance
from the distal delta margin.

The difference between this deltaic depositional system interpretation of
the subsurface coals and the barrier bar-lagoon interpretation of Hale (1972)
might be significant if there is to be any significant exploration and produc-
tion. Orientation of sandstone trends and resulting coal “wants” might be
90 degrees apart, depending on which interpretation is closer to the truth.
It will be interesting to follow development of this coal with the different in-
terpretations in mind.

CONCLUSIONS

Two deltaic depositional systems were fundamental to the evolution of
the Castle Valley Ferron Sandstone and its coals. Exposed in the southern part
of the valley, the Last Chance Delta is a clastic wedge of deltaic sediments
overlain by fluvial. Because it built from a southwesterly source, the clastic
wedge thins to the northeast, up the valley, the same direction in which the
grain size becomes finer and the beds thinner, where the currents flowed and the
facies are sequentially displaced. Coal beds in this high-constructive lobate
delta complex were deposited in the delta plain, where the thickest and most
widespread coals formed, and upstream from the delta in the alluvial plain,
where the accumulating plant matter was in places cut out by northward-flow-
ing meandering streams. These latter coals are not as widespread and are
generally thinner than the delta plain coals, although they are locally thicker,
such as at the two currently active mines, There is cstimated to be more than
400 million tons (363 million metric tons) of recoverable high volatile C
bituminous coal, with low sulfur and medium ash content, in the Last Chance
Delta in southern Castle Valley.

The Vernal Delta is not itself present in Castle Valley, but it is repre-
sented by thin, sheetlike sandstone units that were derived from the Vernal
Delta and transported southwestward, parallel to the coast, to their nearshore
and offshore depositional sites. The delta itself is found in the subsurface
west and north of Castle Valley, its distal end prograded to a location less than
ten miles from the outcrop belt. Numerous coal beds occur in the Vernal Delta
in the subsurface; it appears probable that they were deposited in delta and al-
luvial plain environments analogous to those of the Last Chance Delta to the
south.
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