
EDWARD COTTER 

Deltaic Deposits in the Upper Cretaceous 
Ferron Sandstone, Utah 

ABSTRACT: Deltaic deposits at the base of the 
Upper Cretaceous regressive elastic wedge 
known as the Ferron Sandstone Member of the 
Mancos Shale are exposed in depositional dip 
section for more than 45 miles (72 km) along the 
southern part of the Castle Valley in east­
central Utah. These deposits were formed as the 
Late Cretaceous Last Chance Delta prograded 
northward as a high-constructive lobate com­
plex. In the relatively stable depositional basin 
the facies were dispersed laterally to produce a 
deltaic sequence that typically comprises 40 to 

INTRODUCTION 

In Late Cret;iceous time in e;istern Utah, elas­
tic sediments were flushed spasmodically to the 
east from the Sevier orogenic belt and were de­
posited in a variety of environments during a 
series of regression-transgression cycles. The 
best-known part of the resulting complex 
stratigraphic sequence is the Mesaverde Group 
of the Book Cliffs and Wasatch Plateau. At a time 
slightly earlier than that represented by the 
Mesaverde Group, the Ferron San dstone 
Member of the Mancos Shale was deposited; 
this occurred in Middle Carlile (Turonian) time 
in the latter part of the development of the 
Greenhorn Marine Cycle (Kauffman, 1967; 
McGookey, 1972). The Ferron Sandstone is 
stratigraphically equivalent to a number of other 
sandstone units extending over a broad region 
of the western interior of North America; this 
includes part of the Frontier Sandstone of Col-
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80 feet (12 to 24 m) of siltstone, sandstone, and 
some coal. Thin prodelta deposits at the base 
are overlain by a thicker, laterally continuous 
sheet of delta front deposits, and these, in turn, 
are overlain by the coal-bearing delta plain 
facies. Delta front beds typically are horizontal 
or have slight primary inclination to the north, 
but several delta-front sequences are steeply 
inclined to the west or north-west. These in­
clined Gilbert-type deltaic sequences possibly 
developed as distributary channels issued into 
a less saline western embayment. 

orado and Wyoming (McGookey, 1972). 
The Ferron Sandstone was named by Lupton 

(1914, 1916) in the course of investigation of the 
coal resources of the Castle Valley in east-central 
Utah. In 1937, Bartram suggested the possibility 
that the Ferron might be the depositional record 
of the delta of a large river (Bartram, 1937, p. 
907). This idea was refined by both Davis (1954) 
and Kalich (1954) when they showed that the 
Ferron Sandstone in the southern Castle Valley 
was a thick elastic wedge of nearshore sedi­
ments deposited by rivers flowing from sources 
that lay to the southwest. T he Ferron elastic 
wedge was referred to as a delta by Hale and Van 
De Graaff (1964) and Barlow and Haun (1966), 
and it was given the name "Last Chance Delta" 
by Hale (1972). 

This paper presents a detailed interpretation 
of the deposition,11 environments of the Last 
Chance Delta of the Ferron Sandstone based on 
study of outcrops in the southern part of the 
Castle Valley in east-central Utah (Figure 1). 
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OUTCROP OF THE 
FERRON SANDSTONE 
IN SOUTHERN CASTLE 
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Figure 1. Outcrop belt of the Ferron Sandstone in 
the Castle Valley of east-central Utah. 

FACIES AND ENVIRONMENTS 

General Description 

The deltaic deposits of the Ferron Snndstune 
constitute a cliff-forming, coarsening-upward 
sequence at the base of the Ferron in the south­
ern part of Castle Valley, Utah. They occur al­
most continuously from the southernmost Fer­
ron exposure northward to the vicinity of the 
settlement of Clawson, Utah, a distance of about 
45 miles (72 km) (Figure 1). Throughout this 
exposed cxt('nt the deltaic sequence is underlain 
by the Tununk Sh,1!e Member of the Mancos 
Shale and overlain by deposits of the Ferron 
flu vial facies (Figure 2). The deltaic deposits are 
generally from 40 to 80 feet (12 to 24 m) thick, 
although the thickness ranges from less than 20 
feet (6 m) to more than 100 ieet (30 m) thick. 

Typirnlly, beds in the deltaic sequence are nearly 
horizontal or have slight primary inclinations to 
the north (Figure 3). In some pla.::es, however, 
beds within the sequence arc steeply inclined 
(figures 4 and 5). 

There are two reasons ior the coarsening of 
grain size upward in the deltaic sequence. There 
are proportionally more sandstone beds upward 
in the sequence, and the grain size of the sand in 
those beds increases upward from very fine to 
fine or medium. Some finer-grained interrup­
tions in the basic coarsening-upward sequence 
occur within mu I ti pie-cycle sequences (Figure 3) 
and near the sequence top where they are as­
sociated with coals (Figures 3 and 4). 

Most of the sandstones oi the Ferron deltaic 
deposits are lit hie wackes (Gilbert, 1954), with 
greater than ten percent argillaceous matrix, 
subangular grains, and poor to moderate sort­
ing. Some sandstones in the uppermost parts of 
the deltaic sequence are better sorted and have 
more rounded grains. 

Interpretation of Depositional Environments 

At essentially all exposures along the outcrop 
belt the Ferron dcltaic sequence consists, from 
base to top, of three major facies: prodelta, delta 
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Figure 2. Summary iacies pruiile illustrating dia­
gr,1 mmatically the nurthward prngradation of two 
cycles of development of the List Chance Delta. 
Deltaic elastic wedge is underlain by Tununk 
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Figure 3. Typical Last Chance deltaic sequence. Transition from underlying prodelt;, shale and siltstone at the 
base of the vertical scarp, through two co<1rsening-upward delta front cycles, and into delta plain deposits, 
including coal. Topmost beds include destrnctive delta margin sandstone. Delta front deposits show slight 
depositional inclinati,m tu the right (north). Thickness of de!taic sequence approximately 50 feet (15 m). 
Located about 7 miles (11 km) east of Emery, Utah. 
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Figure 4. Thin prodelta focies overlain by steeply inclined delta front sandstone, and topped by delta plain 
facies. First five feet of horizontal strata above inclined strata are interpreted to be distributary mouth bar 
crest deposits; these arc overlain by coal, carbonaceous shale, bioturbatcd siltstone and sandstone, cross­
bedded sandstone, and well-sorted burrowed sandstone. South-facing scarp along north side of Ivie Creek, 
about seven miles south of Emery, Utah. Entire sequence approximately 80 feet (24 m) thick. 
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outcrops behveen. Distributary mouth bar crest deposits thicken into channel form estimated to be about15 
feet (4.5 m) thick. 

front, and delta plain. There is little possibility of 
determining the regional distribution of the 
identified facies and subfacies because of the 
roughly two-dimensional nature of the outcrop, 
approximately parallel to the interpreted direc­
tion of delta progradation. 

Prodelta Fades. The features of the prodelta 
of the Ferron-Last Chance Delta are matched by 
their modern counterpart environment in both 
the relatively fine-grained, high-constructive 
Mississippi Delta and the coarser, more wave­
and tide-dominated, high-destructive Niger 
Delta. Comparison of the characteristics of the 
prodelta deposits of the Last Chance Delta and 
of the Mississippi and Niger deltas is presented 
in Table 1. 

Delta Front Facies. Characteristics of the 
coarsening-upward, sandstone-domina tcd 
delta front facies of the Ferron-last Chance 
Delta indicate that its deposition occurred as a 
series of coalesced distributary mouth bar crests 
and their associated distal bars. The lithologies 

and the types and vertical sequence of sedimen­
tary structures support this diagnosis. 

The presence and persistence of even parallel 
lamination in the lower parts of the delta front 
fades and along the extent of the steeply in­
clined foreset beds (Figures 4, 5, and 6) suggest 
deposition in the distal bar environment, where 
sedimentation must have occurred principally 
by a vertical "settling out" process from the 
overlying water mass (Weimer, 1973, p. 76). 
Rapid deposition, with little marine reworking, 
is shown by the abundance of plant debris, by 
the relatively poor sorting, and by the paucity of 
biogenic structures. 

The trough cross-laminated upper part of the 
delta front fades was deposited in the higher­
energy distributary mouth bar crest environ• 
ment. The bar crest cut deeper into the underly­
ing distal bar during flood breaching. 

The facts that the sandstone-dominated delta 
front facies is essentially continuous laterally 
(for about 45 miles [72 km] down depositional 
dip) (Figure 2) and that it contains within it cer-



�� _.,� ... 
. :\.� 
:.--.;:� .. : ...... :.. ;.,� .. 

: --��
�� 
-"j� 
,·: 
lUS 

!15

n-

el
1t

,t 

_,___.. ..... ,.;._ 

FERRON SANDSTONE, UTAH 475 

Table 1. COMPARISON OF FERRON-LAST CHANCE DELTA PRODELTA FAClES AND 

MODERN PRODELTA DEPOSITS 

DEFINIT!ON 
The prodelta is the most distal subaqueous part of a delta; it lies seaward of the delta front and 

landward of the shelf and is where fine tenigenous sediment is deposited principally from 
suspension as the first record of an advancing delta. 

FERRON-LAST CHANCE DELTA 
A 5 to 10 foot (1.5 to 3 m) thick transitional 1.one at the base of the deltaic sequence. From the 

underlying bioturbated, dark gray Tununk Shale upward there is a gradual increase in the 
number and thickness of thin, very fine-grained sandstone beds (Figures 3, 4, 5). 

In sequences containing steeply inclined beds (Figures 4, 5), the transitional prodelta beds form 
the horizontal bottomset tails to the inclined delta front foreset beds. This change from near 
horizontal to steeply inclined occurs where the ratio of sandstone to interbedded bioturbated 
shale is about 1:1. This ratio is arbitrarily used as the upper limit of the prodelta facies in those 
parts of the sequence that do not have steep inclinations. 

Most of the sandstone beds are even parallel laminated (Campbell, 1967); additional sedimentary 
structures include ripple lamination (mainly in the upper parts of some sandstone beds), ripple 
drift cross lamination, and a minor amount of small-scale convolute lamination. Some of the 
sandstone beds are graded. 

Biogenic structures are rare in the sandstone beds, body fossils are very scarce, but comminuted 
plant debris is abundant. 

MODERN PRODELTA DEPOSJTS 
Mississippi Deltn (Coleman and Gagliano, 1964, 1965; Fisher et al., 1969; Gould, 1970) 

Repetitious alternations of (1) silt with parallel and lenticular laminations and occasional cross 
laminations and current ripples, and (2) dark, organic, highly burrowed mud. 

Toward the landward transition with the delta front environment the laminated silt is more 
common and more thickly bedded. Toward the seaward transition with shelf sediments the 
burrowed mud dominates. 

Plant debris can be common. The few scattered shells that might be present are susceptible to 
later leaching. 

Niger De/tn (Allen, 1965, 1970) 
lnterbedded clayey silt that is commonly bioturbated and coarse silt or very fine sand in beds 

that have even laminations and small-scale cross laminations. 
There is a transition seaward in which the coarser layers thin and become less numerous and 

the bioturbated clayey silt and silty clay become dominant. 
Plant debris is common. 
Some sand layers are graded. 

lain multiple progradational cycles (Figure 3) 
indicate that the Last Chance Delta evolved with 
numerous, coalescing, sand-rich, lobate subdel­
tas. The great lateral continuity of the delta front 
facies might suggest that it was deposited under 
the influence of wave action and longshore cur­
rents in the form of delta front sheet sands 

(Gould, 1970). However, the shoreface charac­
teristics typical of delta front sheet sands, in 
particular the abundant biogenic structures, are 
scarce to absent in delta front fades of the Last 
Chance Delta. 

Table 2 contains the details of the comparison 
of the features of the delta front facies of the Last 
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Figure 6. Closer view of steeply inclined <ldta front deposits ot Figure 4. Hammer in left-central part of 

photograph indicates scale. 

Chance Delta and of various modern deltas. 

Delta Plain Fades. At the top of the Last Chance 
Delta sequence, the delta plain tacies has a great­
er variety of rock types and facies geometries 
than the underlying delta front and prodelta 
facies. There is an excellent correlation between 
the characteristics of the delta plain facies of the 
Last Chance Delta and modern delta plain de­
posits. Details of this comparison are shown in 
Table 3. 

While the Last Chance Delta was actively 
prograding, a network of distributary channels 
flowed generally to the north. T he preserved 
remains of these channels are seen both as nar­
row, symmetrical channelform sandstones and 
as broader, less symmetrical deposits (Figure 7). 
In either case it is difficult to reconstruct m@re 
than a very rough approximation of the dimen­
sions of the original distributary channels. 

The distributary channels flowed through ex­
tensive flood basins which consisted mostly of 

standing water bodies (lakes, bays, sounds, or 
lagoons) in which organically mottled siltstone 
accumulated. In some places in the flood basin, 
marshes and swamps covered broad areas. They 
are the origins of the delta plain coals that are an 
important part of the reserves of the Ferron 
Sandstone (Lupton, 1916; Doelling, 1972). 

When active progradation ceased, delta lobes 
foundered, and the destructive processes of 

DELTA PLAIN\ f DISTRIBUTARY CHANNEL
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Figure 7. Diagrammatic cross section of distributary 
channel exposed on south-facing cliff along Wil­
low Springs Wash. Vertical exaggeration 4x. 
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Table 2. Continued 

COMPARISON OF FERRON-LAST CHANCE DELTA FRONT FACIES AND MODERN 

DELTA FRONT DEPOSITS 

MODERN DELTA FRONT DEPOSITS 
References: Van Straaten, 1959; Coleman and Gagliano, 1964, 1965; Fisher et al., 1969; Donaldson 

et al., 1970; Gould, 1970; Kanes, 1970; Manka and Steinmetz, 1971. 
Distal Bor Deposit, 

Alternating coarser (fine sand, very fine sand, or coarse silt) and finer (coarse silt or silty clay) 
liiyers that become thinner and finer grained distally. 

The most common sedimentary structure reported is even parallel lamination. Cross lamina­
tion (mostly trough) and ripple lamination are found. Contorted bedding is present in many 
distal bilfs, and grading can be found in coarser layers. 

Plant debris is common; sometimes there are scattered shells; and the degree of burrowing is 
variable. 

Channels and gullies are not uncommon. These have been attributed to frontal splay processes 
during floods, to mass movement (Shepard, 1960), and to turbidity currents (Van Straaten, 
1959). 

Distrib11/11ry Mouth Bnr Cre,t Depo,1/, 
Well-sorted sediment of bed-lo,1d size. 
Predominantly unidirectional or multidirectional trough cross lamination and subordinate 

ripple lamination. Local scour-and-fill, some slumping, and contorted bedding are all noted. 
Breaches cut into the bar crest during floods can be repaired by a combination of channel and 

marine processes between the floods. The coarser sediment removed from the bar crest by 
this flood scour is splayed distally to accumulate on the distal bar or in the prodelta. 

In such a high-energy environment as this, shells ilnd biogenic structures are rare, and plant 
debris accumulates mostly in the uncommon finer layers. 

Table 3. COMPARISON OF FERRON-LAST CHANCE DELTA PLAIN FACIES AND MODERN

DELTA PLAIN DEPOSITS 

DEFINITION 
The delta plain is "the principal subacrial part of a delta and includes minor subaqueous 

environments such as channels and lakes. . it comprises dis tributary and tidal channels, na­
tural levees, and flood basins (swamps, m,1rshes, lakes, bays, and gathering streams)." (Ber­
nard and LeBl,mc, 1965, p. 162). Following delta lobe abandonment, "a series of arcuate barriers 
or delta margin islands are thrown up by reworking of underlying sandy delta front deposits; 
these will transgress landward as the delta founders." (Fisher and Brown, 1972, p. 44). 

FERRON-LAST CHANCE DELTA 
Gencml 

The delta plain facies consists mai�ly of horizontal strata of sandstone, siltstone, and some coal 
organized with a greater variety of rock types, thicknesses, and focies geometries than the 
underlying delta front and prodelta facies. 

Relative amounts and thicknesses of the major rock types vary from place to place, and the 
constituent subfacies are organized in a variety of channel, lenticular, and sheetlike forms. 

Thickness of entire delta plain facies ranges from zero to more than 40 feet (12 m). 
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COMPARISON OF FERRON-LAST CHANCE DELTA PLAIN FACIES AND MODERN 

DELTA PLAIN DEPOSITS 

Oistril,11 tnry Clrmmels and Lt•11rc;; 
Large, sandstone-filled channels have their flat t ops at various positions within the de lta plain 

facies and their concave-upward bases extending down to various levels, even well down 
into th e delta front facies (see example in Figure 7). General direction of sed iment transport 
was from south to north. 

The channels are cross sections of ribbons of sandstone that are elongated approximately 
south-north. Some channel cross sections are relatively narrow an d symmetrical 
(width:depth ratios of about 10:1); others are much broader and less symmetr ical (Figure 7). 

Trough cross lamination is by far the most common sedimentary structure in all channel s. It 
occur s from at or near t he base to within a few feet of the top, where it is replaced by ripple 
lamination an d ripple drift cross lamination. 

Grain size is uniform through most of the channel and decreases in the uppermost few feet. The 
average grain size varies from one channel to another, being medium in some, fine in others. 

Lower parts of some channels contain numerous inclusions of coal and shale, concentrated in 
places along poorly defined bedding planes. Coal inclusions range in size from thin films to 
large blocks, in a few of which Tercdo-like borings occur. 

Natural levee deposits h ave not been identified conclusively. Some thin zones containing 
irregular to wavy beds of tippled sandstone and interbed ded silt stone were noted to wedge 
out laterally. It is possible that burrow mottling has made levee deposits indistinguishable 
from associated flood basin deposits. 

Flood B11�i11 - St11J1,ii11g Water Bodies 
The most abundant rock type in  the delta plain facie s is dark brown to medium brown sil tstone 

that is ext ensively mottled, leaving only crude remnants of the origin al primary horizontal 
stratification. The mottling i s  the result of both animal burrowing and plant root penetration. 

Abundant fragments of mollusks andlor high concentrations of wood (coal) particles, both large 
and small, are s cattered throughout some zones. 

Flood Basin - Marshes and Swamps 
Plant remains are very abundant in the delta plainfacies, not only as coaly clasts or cornminuted 

debris, but also as numerous discrete coal beds. 
Individual coal beds range in thickness from a fraction of a foot to more than 10 feet (3 m), and 

commonly there is more than one bed at a given locality. 
Details of the number and correlation of the coal beds is available in Lupton (1916). Reserve 

estimates have recen tly been updated by Doelling (1972). 
Lateral continuity of some coal beds is quite extensive, although Lupton's (1916) correlation of 

some beds over more than 20 miles (32 km) has not been checked. 
Destructi11e Delta Margin Sa11ds 

These occur at the top of the delta plain facies in zones from 6 inches (15 cm) to 6 feet (1.8 m) 
thick. 

Sandstone is well-sorted, thin- to medium-bedded, typically fine-grained, and has even 
parallel lamination and some broad trough cross lamination. 

Biogenic structures, while not destroying the primary stratification, ar e nevertheless rather 
common. They comprise principally ver tical Opltiomorplra tubes, horizontal branching net­
works of Tlwlassinoides, and, less commonly, the funnellike Rosselia (Cotter, 1973). 
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Table 3. Continued 

COMPARISON OF FERRON-LAST CHANCE DELTA PLAIN FACIES AND MODERN

DELTA PLAIN DEPOSITS 

MODERN DELTA PLAIN DEPOSITS 
Di,tril111!11ry Clw1111els n11tl Leu1:1:� 

References: Coleman and Gagliano, 1965; Fisher et al., 1969; Allen, 1970; Oomkens, 1970. 
Coarsest bedload sizes near the base and through most of the channel deposit. The finer sizes are 

near the top. Sand is poorly tu moderately well sorted. 
Angular clay clasts and plant debris, including logs, are common, particularly near the base. 
Trough cross lamination is very common throughout most channel deposits, and ripple lamina­

tion, if present, is in the finer-grained upper part. Gravity-induced slumps, folds, and faults 
are present in some channels. 

Natural levees flank the distributary channels. The grain size of the levee deposits decreases 
laterally away from the channel into the adjacent flood basin. If any of the sedimentary 
structures survives the commonly intensive mottling caused by plant roots and burrowing 
organisms it is likely tu be ripple lamination, particularly ripple drift cross lamination. 

Distnbutary channels are typically relatively straight, and their levee deposits flank the upper 
part of the channel deposit. If there was any channel meandering, levee deposits would cap 
the channel point bar deposits. 

Flood Bnsin - Sflmdins Wnfrr Bodies 
References: Coleman et al., 1964; Coleman and Gagliano, 1965; Allen, 1970. 
Varieties of these water bodies are not consistently named. Among them are bays, lagoons, 

sounds, and lakes. They are either partly or completely open to the sea, or inland and more 
restricted. 

Deposits are usually dark gray to black organic mud, with thin silt laminae that were introduced 
during floods. 

Intense burrowing commonly obliterates the primary stratification, producing a churned and 
homogenized sediment composed of silty clay or clayey silt, with usually abundant plant 
remains and shells. 

Variations in lithology, grain size, and biota arise because of differences in proximity to channel 
levees ;md differences in the degree of restriction of water circulation. 

Flood B11si11 - Mars/Jes 1111d Swmnps 
Marshes and swamps are periodically inundated areas which can be quite extensive, covering up 

to 90 percent of the delta plain (Fisher et al., 1969, p. 18). 
Growth and accumulation of plants (nonwoody in marshes, woody in swamps) is interrupted by 

the inundations, which introduce clays and silts. Such thin introduced clay and silt laminae are 
obliterated by plant root disruption and intensive animal burrowing. 

Deposits are peats and organic clays. 
Destructive Delta Nlarx111 Snnds 

References: Fisher et al., 1969; Allen, 1970; Donaldson et al., 1970; Kanes, 1970; Oomkens, 1970. 
These are usually well-sorted sands that have the even parallel or low-angle cross lamination 

typical of beach and shoreface deposits. 
Burrowing can be quite extensive, and burrows of the Callinnassn type are common. 
Shells can also be common, with their fragments ranging in amounts from a scattered few to 

cross-laminated coquinas. 
In some cases plant debris is present, and there might be intercalated thin clay beds. 
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marine origin reworked the delta front sands 
into destructive delta margin sands that were 
veneered back over the delta plain facies. This 
incomplete transgressive sand sheet has many 
of the features of beach and shoreface deposits, 
and it is found as a thin well-sorted sandstone 
sequence at the top of the delta plain facies. 

DISCUSSION 

Steeply Inclined Sequences 

The erroneous idea that delta fronts should 
have steep foreset beds became widely accepted 
after 1885, when G. K. Gilbert described deltaic 
deposits that had been constructed into glacial 
Lake Bonneville (Gilbert, 1885). However, it be­
came clear that there are very few ancient deltas 
that have this "Gilbert-type" anatomy. Some of 
the reported examples of steeply inclined delta 
front foreset beds in ancient deltaic sequences 
(aside from Pleistocene ice-dammed or pluvial 
lakes) include those of Cretaceous (Taylor, 1963; 
Howard, 1966; Carrigy, 1971; MacKenzie, 1971), 
Carboniferous (Collinson, 1968, 1969), and 
Eocene (Van Eden, 1970) age. 

Gilbert-type deltas have been suggested to 
develop under conditions of flow in which the 
density of the inflowing fluid is similar to that of 
the receiving basin fluid (Bates, 1953; Fisher et 
al., 1969). Such flow, in the opinion of Bates 
(1953, p. 2130-2131), "can best take place where 
a river flows into a well-mixed lake having a 
water temperature about the same as that of the 
river. Shallow embayments in the region of a 
marine littoral delta can also be the site of such 
deposition if the salt water in such basins is 
completely flushed out by the marked influx of 
river water." 

The Last Chance Delta in several places left 
delta front deposits that are steeply inclined, in 
the manner of a Gilbert-type delta (Figures 4 and 
5). In each instance the delta front beds dip 
toward the northwest or west in contrast to the 
more generally northward dips of the gently 
inclined sequences. And in the case of the Ivie 
Creek occurrence there is to the west of the 
steeply inclined delta front fades a laterally 
equivalent very fine-grained, bioturbated sand­
stone that is possibly a lagoonal deposit. Such a 
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marginal embayment or lagoon has been pos­
tulated by others (Hale and Van De Graaff, 1964, 
p. 129, Figure 5; Hale, 1972).

This leads to the attractive consideration that
the steep delta front foreset beds developed as 
fluid from the Last Chance distributary channel 
system flowed into a westerly embayment in 
which the salinity had been significantly re­
duced. Fluid flow into more normal salinity 
waters produced the more common gently in­
clined sequences. 

Nature of the Delta 

Because of the linearity of the Ferron Sand­
stone outcrop belt in the Castle Valley (Figure 1) 
in a direction generally parallel to that of delta 
progradation, many aspects of the three­
dimensional fades geometry are difficult to de­
cipher and incorporate into a picture of delta 
evolution. However, it is possible to say that the 
Last Chance Delta formed as a broad, fan­
shaped complex comprising numerous coalesc­
ing and overlapping subdelta lobes. This is indi­
cated by the sand-rich nature of the delta front 
fades, by the cyclic nature of progradation at 
many places (e.g., Figure 3), and by the varia­
tions of style of delta front accumulation (gentle 
versus steep primary inclinations). 

The exposed part of the Last Chance Delta 
prograded generally northward into the Late 
Cretaceous Mancos sea. This direction of 
growth is illustrated in a general manner by Hale 
and Van De Graaff (1964, Figure 5) and Hale 
(1972, Figures 2 and 3). The progradation pro­
duced a sequential northward displacement of 
the fades tract (Figure 2), and it is also indicated 
by the generally northward inclination of the 
delta front beds, by the south-to-north orienta­
tion of distributary channels, and by the south­
to-north orientation of current-produced 
sedimentary structures in a variety of facies. A 
minor amount of progradation of at least a few 
subdelta lobes toward the west or northwest 
produced the steeply inclined delta front se­
quences discussed above. 

Whether the Last Chance Delta also had an 
easterly component of progradation cannot be 
determined from the Castle Valley outcrops of 
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the Ferron Sandstone alone. In the region oi the 
Henry Mountains, Utah, located to the south­
east of the Castle Valley, deltaic deposits nt the 
base of the Ferron Sandstone near Cainevillc 
Wash indicate progradation generally to the 
east. If this Ferron deltation near the l lcnry 
Mountains is approximately contemporaneous 
with the Last Chance Delta of the Cilstle V,illey, 
it would indicate a much larger delt.i complex 
than can be interpreted from the Castle Valley 
Ferron alone. 

The Last Chance Delta progradcd into marine 
water that was approximately 40 feet (12 m) or 
less deep, as indicated by the widespread oc­
currence of the 40 foot (12 m) thick delta front 
facies. Because the basin was reli-1tively stable, 
the facies are very broadly distributed and not 
stacked vertically. The prodelta deposits oi the 
Last Chance Delta are very thin in comparison to 
those of rapidly subsiding basins (Fisher et al., 
1969). Some subsidence, however, must have 
occurred during deltation to allow accumulation 
of the observed delta plain facies, and to prevent 
distributary channels from cutting through the 
entire delta front facies. Continuation of subsi­
dence after delta abandonment permitted en­
croachment of the sea over the delta plain and 
led to the deposition of thin destructive delta 
margin sands. 

The extensive development of fluvially­
influenced progradational and aggradational 
facies, along with the relatively minor rework­
ing b y  marine processes, classify the Last 
Chance Delta as a high-constructive delta 
{Fisher, 1968; Fisher et al., 1969). Because of the 
high sand content of the delta front focies and 
the nearly continuous nature of the distal bar 
deposits, the Last Chance Delta can be further 
considered a high-constructive lobate delta 
(Fisher et al., 1969). The degree of marine re­
w orking during active delta progradation, while 
relatively minor, was still sufficient to produce 
an essentially continuous fringe of sand in the 
delta front environment. 

Subsurface Relations 

There has been <1 significant number of wells 
that produce natural gas from the subsurface 
Ferron Sandstone west of of the Castle Valley 

outcrop belt (Edson et <1I., 1954; Kuehnert, 1954; 
Walton, 1954; Hale, 1972). These wells are not 
produLing from deposits of the Last Chance 
Delta but from those of another depositional 
system with ,1 source to the northwest (Hale, 
]972, Figure 2). Because this more northerly sys­
tem is also a deltaic complex, there is some value 
in considering the little that is known about the 
facies relationships of the g,,s ,1ecumulation as a 
possible model for the Last Chance Delta. 

The rc!Mionships depicted by Hale (1972) 
show this northerly deposition.ii system as a 
northwestward-thickening cl,istic wedge. J\t 
the base there is a thick, continuous sheet of 
sandstone that is overlain by a more complex 
pattern of shale, sandstone, and coal. Only the 
lowest sandstone zone is continuous from well 
to well (Edson ct al., 1954). Higher sandstones 
are laterally discontinuous and are more directly 
associated with co;ils. The subsurface pattern by 
itseli maniiests a deltaic depositional system 
very much like that of the Last Ch;ince Delta. 
This can be seen by a comparison of cross sec­
tions of the northern system {Hale, 1972, Figures 
5, 6, and 7) with cross sections of the Last 
Ch,1nn• DL'it.1 (f-igurc 2 of this p,1per; l·L1le, 1972, 
Figure 4). This intcrpretatiun agrees with rc­
gkm;il paleogeogrnphic relationships that show 
this northerly depositional system to be the 
southwesterly part of a large deltaic complex 
called the Vernal Delta (Hale and Van De Graaff, 
1964; Barlow and Haun, 1966; Maione, 1971). 

In the framework of this northerly deltaic de­
positionc1! system, the laterally continuous basal 
sandstone zone is most likely the delta front 
facies of the Vernc1I Delta. Higher sandstone 
zon1.·s are distribut;iry and fluvial channel de­
posits. Published reports of relationships in the 
Ferron Sandstone of the Wasatch Plateau gas 
fields present rather sketchy and, in some re­
spects, conflicting information (Edson et al., 
1954; Walton, 1954). It appears that a significant 
portion, though not all, of the gas is produced 
from reliltively tight and almost impermeable 
sandstone in the laterally continuous delta front 
facies at the base of the Vernal Delta sequence. 
Additional gas production is from the higher, 
less widespread, distributary and fluvial chan­
nel sandstones. 

t 



(; 
,t 
e 
:I 

REFERENCES 

Al.LEN, _I .R.L., 1%5, Late Qu;iternary Niger Delta 
and ,1dj,1cent areas: Sediment,uy environments and 
lithut,1cie�: Am. Assnc. rl'!roleum Cl'tliogish Bull., 
\'. 49, p. 547-600. 

. , 1970, Sediments of the modem Niger 
Delta:/\ summary ,1nd review, in Deltaic Sedimen­
tation, Modern .�mi Ancient: Soc. Econ. Paleon­
tologists and Mineralogists Spec. Pub. No. 15, p. 
138-151. 

BARLOW, J./\., Jr., and HAL.:N, ).D., 1966, Region.1! 
stratigraphy of Frontier Form,,tion ;ind relation to 
Salt Crel,k Field, Wyoming: /\m. Assoc. f'l'lroll'llln 
Geologi�ts Bull., v. 50, p. 2185-2196. 

BARTRAM, J.G ., 1937, Upper Cretaceous ot Rocky 
Mountain arc•a: Am. Assoc. Petroleum Geologists 
Bull., v. 21, p. 899-913. 

BATES, C.C., 1953, Rational theory oi delta formation: 
/\m. Assoc. Petroleum Geologists Bull.. v. '.17, p. 
2119-2162. 

BER!'-'ARD, H.A., and LeBL/\NC, R.J., 1965, Resume 
of the Quaternary geology of the ntlrthwestern Gult 
of Mexico province, i11 The Quaternary of the United 
States: Princeton univ. Press, p. 1:\7-185. 

CAMPBELL, C.V., 1967, Larnin,,e, laminaset, bed, 
and bedsct: Sedimentology, v. 8, p. 7-26. 

CARRICY, M.A., 1971, Dcltaic sedimentation in 
Athabasca tar sands: Am. Assoc. Petroleum 
Geologists I.lull., v. 55, p. 1155-1169. 

COLEMAN, J.M., and GACUANO, S.M. 1964, Cv­
clic sediment,,tion in the Mississippi River delt.:iic 
plain: Gulf Coast Assoc. Ceo!. Socs. Trans., v. 14, 
p. 67-80. 

and GAGLIANO, S.M., Sediment.ir,· 
stn1ctures - Mississippi River delt,1ic pl,,in, i;, 
Primarv Sediment,1rv Structures and their Hv­
drodynamic Interpretation: Soc. Econ. Palco;,_ 
to!ogists and Mineralogists Spl'c. Pub. i\:o. 12, 
p. 133-148. 

.... .. .. , GACUANO, S.M., and WEBB, J.E., Jr., 
1964, Minor sedimentary structures in a prograding 
distributary: Marine Geology, v. 1, p. 240-258. 

COLLINSON,J.D., 1968, Deltnicsedimentation units 
in the Upper Carboniferous of northern England: 
Sedimentology, v. 10, p. 23'.\-254. 

_____ , 1969, The sedimentology of the Grindslow 
Shales and the Kinderscuut Grit: A dt'ltaic complex 
in the Namurian of northern England: Jour. Sed. 
Petrology, v. 39, p. 194-221. 

COTTER, EDWARD, 197'.\, LargeRos,cli,1 in the Upper 
Cretaceous Ferron Sandstone: )our. Paleontology, 
v. 47, p. 975-978.

FERRON SANDSTONE, UTAH 483 

DAVIS, L.)., 1954, Stratigraphy of the Ferron Sand­
stone: lntermountain Assoc. Petroleum Geologists 
Guidebook, 5th Annual Fil·ld Cnnf., p. 55-58. 

DOELLING, 11. H ., 1972, Ccntr,11 Utah coal fields, 
Sevier-Sanpl'll', Wasatch l'late.iu, Book Clifis, and 
Emery: Utah Ge,,I. and Min. Surn:y, Munograph 
Series No. 3, 571 p . 

DONALDSON, A.C., MARTIN, R.H., and KANES, 
W.H ., 1970, 1 lolocenc Guadalupe Delta of the Texas 
Gulf Coast, i11 Deltaic Sedimentation, Modern and 
Ancient: Soc. Econ. Paleontologists and 
Mineralogists Spec. Pub. No. 15, p. 107-137. 

EDSON, D.J., Jr., SCHOLL, M.R., Jr., and ZABRIS­
KIE, W.E., 1954, Clear Creek Gas Field, central 
Utah: lntermountain Assoc. Petroleum Geologists 
Guidebook, 5th Annual Field Conf., p. 89-93. 

FISHER, W.L., 1968, Basic delta systems in the Eocene 
of the Gulf Coast b,,sin (abst.): Gulf Coast Assoc. 
Geol. Socs. Trnns., v. 18, p. 48. 

, and fll�OWN, L.F., Jr., 1972, Clastic de­
positional systems • a genetic approach to facies 
,1nalysis: Univ. Texas, Bur. Econ. Geology, 211 p. 

.... ........ , BROvVN, L.F., Jr., SCOTl� A.J., and 
McGOWEN, J.H., 1969, Delta systems in the explo­
rntion for oil and gas: A research colloquium: Univ. 
lexas, Bur. Econ. Geology. 

GILBERT, C.M., 1954, Sedimentary rocks, in 

Petrography; An Introduction to the Study of Rocks 
in Thin Sections: San Francisco, W.H. Freeman, p. 
249-384. 

GILBERT, G. K., 1885, The topographic features of 
lake shores: U.S. Geo!. Survey, 5th Ann. Rept., 
p. 69-123. 

GOULD, I !.R., 1970, The Mississippi Delta complex, 
i,, Deltaic Sediment,,tion, Modern and Ancient: Soc. 
Econ. Paleontologists and Mineralogists Spec. Pub. 
No. 15, p. J-30. 

H/\LE, L.A., 1972, Depositional history of the Ferron 
Formation, central Utah, in Plateau • Basin and 
Range Transition Zone, central Utah: Utah Geologi­
cal Assoc. Pub. No. 2, p. 29-40 . 
_ _  ·- , and VAN DE GRAAH', F.R., 1964, Cre­
taceous stratigraphy and fades patterns· northeast­
ern Utah and adjacent areas: Jntermountain Assoc. 
Petroleum Geologists Guidebook, 13th Annual 
Field Conf., p. 115-138. 

�IOWARD, J.D., 1966, Sedimentation of the Panther 
Sandstone Tongue, iri Central Utah Coals: Utah 
Geol. and Min. Survey Bull. 80, p. 23-33. 

KANES, W.H., 1970, Fades and development of the 
Colorado River Delta in Texas, in Deltaic Sedimenta­
tion, Modern and Ancient: Soc. Econ. Paleon­
tologists and Mineralogists Spec. Pub. No. 15, p. 
78-106. 

llf: �i4A:))4?.·?)5J#],!f "";'-.◄:
?.I'

:., 
_.,..., '!"""'"'-"�-.-....,. ... .,,_._ • ....,...,._�•·••·'""·•··-... ,--,, ---�---··-··-•··••H ... - --: ... - -,-,-� .. --.. -�,•-,-, --..... ----�--�----

;43 



484 E. COTTER 

KATICH, P.J., Jr., 1954, Cretaceous and Early Tertiary 
stratigraphy of central and south-central Utah with 
emphasis on the Wasatch Plateau area: lnterrnoun­
tain Assoc. Petroleum Geologists Cuidebook, 5th 
Annual Field Conf., p. 42-54.· 

KAUFFMAN, E.G., 1967, Colorad,xin macroinverte­
brate assemblages, central western interior, United 
States, i11 Paleoenvironments of the Cretaceous 
Seaway - a Sy mposium: Colorado School of Mines, 
Golden, Colorado, p. 67-144. 

KUEHNERT, ll.A., 1954, Huntington anticline, 
Emery County, Utah: lntermountain Assoc. Pe­
troleum Geologists Guidebook, 5th Annual field 
Conf., p. 94-95. 

LUPTON, C.T., 1914, Oil and gas near Green River, 
Grand County, Utah: U.S. Geol. Survey Bull. 
541-D, p. 115-133.

__ ··-, 1916, Geology and coal resources of Cas­
tle Valley in Carbon, Emery, and Sevier counties, 
Utah: U.S. Geological Survey Bull. 628, 88 p. 

MAIONE, S.J., 1971, Stratigrnphy of the Frontier 
Sandstone Member of the Mancos Shale (Upper 
Cretaceous) on the south flank o/ the eastern Uinta 
Mountains, Utah and Colorado: Earth Science Bull., 
Wyoming Ceo!. Assoc., v. 4, p. 27-58. 

MANKA, L.L., and STEINMETZ, RICHARD, 1971, 
Sediments and depositional history of the suutheast 
lobe of the Colorado River Delta, Texas: Gulf Coast 
Assoc. Socs. Trans., v. 21, p. 309-324. 

MacKENZIE, D.B., 1971, Pos t-Lytle Dakota Group on 
west flank of Denver Basin, Colorado: Mountain 
Geologist, v. 8, p. 91-131. 

McGOOKEY, D.I'., 1972, Cretaceous system, i11 
Gcol,>gic Atlas of the Rocky Mount,1in Region: 
Rocky Mountain /\ssoc. Geologists, Denver, Col­
orado, p. 190-228. 

OOMKENS, El'PO, 19?0, Depositional sequences and 
sand distribution in the postglacial Rhone Delta 
complex, i11 Dcltaic Sedimentation, Modern and 
Ancient: Soc. Econ. Paleontologists and 
Mineralogists Spec. Pub. No. 15, p. 198-212. 

SHEPARD, F.P., 1960, Mississippi Delta: Marginal en­
vironments, sediments, and grO\vth, i11 Recent Sed­
iments, N,>rthwest Gulf of Mexico: Am. Assoc. Pe­
troleum Geologists, p. 56-81. 

TAYLOR, J.H., 1963, Sedimentary features of an an­
cient deltaic complex, The Wealdcn rocks of south­
t>astern England: Sedimentology, v. 2, p. 2-28. 

VA!\J EDEN, J.G., 1970, A reconnaissance oi deltaic 
environment in the Middle Eocene of the south­
central Pyrenees, Spain: Geo!. en �ijnbouw, v. 49, 
p. 145-157.

VAN STRAATEN, L.M.J.L., 1959, Minor structures of 
some recent littoral and neritic sediments: Geo!. en 
Mijnbouw, v. 21, p. 197-216. 

WALTON, P.T., 1954, Wasatch Plateau gas fields, 
Utah: lntermountain Assoc. Petroleum Geologists 
Gllidebook, 5th Annllal Field Conf., p. 79-85. 

WEIMER, R.)., 1973, A guide to uppermost Creta­
ceous stratigraphy, central Front Range, Col­
orado: Deltaic sedimentation, growth faulting, 
and early Laramide crustal movement: Mountain 
Geologist, v. 10, p. 53-97. 



1· 

�
�I� ... ' � 
�

� 
I�·� 
-�� 

t � ,. 

I 
".·.·. 

11.:. ·' 
.i 

�· 
I 
!1
i 
�· 

1--� 
A 

., 
I( 
I 
I: 
\l.i

.1·.···.·· . 
ttf:, 

�K� 

I 
1If
-:

DELTAS 
models for exploration 

editor 

MARTHA LOU BROUSSARD 

HOUSTON 

GEOLOGICAL 

SOCIETY 



Copyright 1975 

by the

Houston Geological Society 

Permission to reproduce any part 
of this book must be obtained 
from the individual authors. 



Hydrology of the 
Ferron Sandstone Aquifer and 

Effects of Proposed TC 
Surface-Coal Mining in 5'0 I 

. {/ ;2_ Castle Valley, Utah 
STACKS 

RESTRICTED 
110.2l9S 

. UNTIL. BOUND 

"'f,,. 

1:,,. 

RICC ' I n/ERsrr(

AUG 8 1983 

LIBRARY 

Z / t?,lt: 
roes iJN\\f'.=_RSr'i'< U'ii\;Asi

Ot.?OSITCil}:'<1 , 

s. t · 1r1�·% 
� llf: 2, •,t)�� 
nvu -1v,.;

} 

ft;P-_5 
PR,)PERTY OB

. 0. S,. GOVf,HN rf, E.N3& ,. ' . 

United States 
c;eological 
Survey 
Water-Supply 
Paper 2195 

Prepared ;n coo1wration 
with the U.S. nur,·,l'.J of 
Lind Man.•gem('r,l 

tiT O,-

�;'r;

'<c

:,;;; . �::_,�,: 
r;..

'l;

'--:-,..-!{5.,....�.... � 

.,,. ,·.,' - .,f'I 
• O; - . i _XI. 
i:0i- �:A?:,�lt 2
?·;;�_;zl: 

-·11.�.r�i, 3, ... , �h.' 


